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Session 14: Plenary 4 : Christoph Buchheim Room: Marie Curie (Auditorium)‘

Combinatorial Optimization in Function Space
Christoph Buchheim

TU Dortmund, Germany, christoph.buchheim@math. tu-dortmund.de

Optimal control problems with discrete-valued controls are typically tackled via a first-discretize-then-optimize
strategy, in which the original infinite-dimensional problem is approximated by a large-scale finite-dimensional
mixed-integer nonlinear program (MINLP) and handed to a general-purpose solver. A fundamental drawback
of this approach is that conventional discretization schemes shrink the feasible set, so that dual bounds on the
discretized problem are not valid in general for the original infinite-dimensional formulation. Moreover, such
bounds do not carry over when the mesh is refined. Although one can in principle correct for this by estimating the
discretization error, the resulting procedure is both technically involved and tends to produce only weak bounds.
To overcome these limitations and to support a branch-and-bound-and-refine scheme for global optimization in
function space, we introduce a first-dualize-then-discretize paradigm. In this framework, a convex relaxation of the
original problem is dualized directly in function space; the resulting dual problem can then be discretized with any
conforming scheme, and the dual objective value of the discretized dual problem constitutes a valid lower bound
for the original infinite-dimensional problem. We demonstrate the approach on two classes of problems featuring
total variation or minimum dwell-time constraints, for which we also provide extended formulations in function
space.
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Sparse Relaxations and Learned Structure for Large-Scale Polynomial
Optimization

Bissan Ghaddar
IE University and Ivey Business School, Spain, bghaddar@faculty.ie.edu

Polynomial optimization problems (POPs) arise in numerous domains such as energy systems and water networks,
yet their nonconvexity poses major computational challenges. This talk focuses on exploiting sparsity structures to
enable scalable global optimization of large-scale POPs. We develop formulations that leverage correlative sparsity
to construct structured semidefinite and second-order cone relaxations of significantly reduced dimensionality.
We further explore machine learning models that learn variable dependencies in order to guide sparsity-pattern
selection. By exploiting chordal extensions of the sparsity graph and decomposing the semidefinite matrices, the
resulting sparse relaxations achieve tight bounds at tractable computational cost. Computational results on optimal
power flow instances demonstrate the effectiveness of the approach.
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‘Session 2: Plenary 1 : Lars Griine Room: Marie Curie (Auditorium)‘

Performance of Deterministic and Stochastic Model Predictive
Control

Lars Griine

Universitdt Bayreuth, Germany, lars.gruene@uni-bayreuth.de

Model Predictive Control (MPC) is one of the most successful modern control techniques. It generates a feedback
control by successively solving finite-horizon optimal control problems. A key question is whether the resulting
feedback is approximately optimal in some sense. In this talk we give a positive answer to this question using
dissipativity and turnpike properties. We first describe results for deterministic MPC, then present an industrial
use case, and finally give a survey on recent results for stochastic MPC schemes.
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‘ Session 11: Plenary 3 : Franck Iutzeler Room: Marie Curie (Auditorium)‘

Around distributional robustness and generalization in stochastic
optimization

Franck Iutzeler

Université de Toulouse, France, franck.iutzeler@math.univ-toulouse.fr

Transferring predictive power from past data to similar future situations is a central objective in statistical learn-
ing and stochastic optimization. In the past years, distributionally robust optimization has become popular by
providing a mathematically elegant proxy for this problem by relying on optimal transport between distributions.
We will cover recent advances on this approach but also its limitation in deep learning and related perspectives.
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Anchor Robustness and Resource Leveling in Project Scheduling

Luca Brunod Indrigo

Sorbonne Université, France, luca.brunod. indrigo@gmail.com

This talk presents Luca Brunod Indrigo’s thesis, supervised by Pascale Bendotti, Philippe Chrétienne and Bruno
Escoffier, which was defended in December 2025. Scheduling is the field of optimization that aims at deciding when
to process the jobs of a project so that certain constraints are respected and a performance criterion is maximized.
In a real-world context, a scheduling problem typically needs to be solved at various stages of a project, between
which uncertainty may disrupt project data. At each stage, new scheduling decisions are expected to match the
decisions that were taken at earlier stages as best as possible. Indeed, deviating too much from previous decisions
can entail additional costs, e.g., penalties from subcontractors, and should therefore be avoided. The thesis is
organized in two parts. The first part deals with a special case of robustness called anchor robustness that aims
at guaranteeing the starting times of some jobs. Several problems are studied that consider both the proactive
aspect, i.e., building schedules with some guaranteed starting times, and the reactive aspect, i.e., rescheduling
once uncertainty is realized. The second part deals with resource leveling, which in the present case is to respect a
given resource level as best as possible. Polynomial solution methods, NP-hardness proofs as well as approximation
results are provided for such problems. This thesis is an industrial thesis in cooperation between EDF, the main
French power provider, and the LIP6 laboratory at Sorbonne-Université. The research carried out is inspired
by problems found in the industrial context of EDF. More precisely, the main motivation for this work is the
scheduling of large-scale maintenance tasks performed during outages of power plants. Such projects contain many
jobs, involve a variety of subcontractors and must be planned sufficiently in advance, which makes them prone to
uncertainty. The heavy equipments and the specialized workforce that take part in those projects are rare resources
that need to be properly managed to avoid delays and additional costs. For all these reasons, anchor robustness
and resource leveling are helpful as dedicated optimization tools to improve performance and reliability at each
stage of planning. This aspect of practical applicability has been a central concern all along and some algorithms
have indeed been implemented for life-size instances.
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Collective Algorithms for Exploration and Decision-Making

Romain Cosson

New York University, United States of America, rc6142@nyu.edu

This talk presents Romain Cosson’s thesis, which was defended in team Argo of Inria Paris in July 2025, under the
supervision of Laurent Massoulié, and which was selected for the PGMO PhD award 2026. The thesis focuses on
the design and analysis of online algorithms, which make decisions based on information revealed progressively. It is
centered on problems in which several decision-makers must coordinate to perform tasks with limited information,
such as exploring an unknown structure. A central problem studied in the thesis is collective tree exploration,
which models the exploration of an unknown environment by multiple mobile agents (see an illustration here). The
thesis also investigates other problems, such as ultrametric traversal (illustration here), metrical task systems, and
the k-server problem. The thesis proposes new algorithms, improves performance guarantees, and establishes new
lower bounds. It also investigates various aspects of online-algorithm complexity, such as average-case analysis,
communication complexity, computational complexity, and randomness.
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Fixed-Qubit CVaR-VQE and Quantum-Inspired QUBO Sampling for
Static and Dynamic Restricted Vertex Multicut in Telecom Resilience

Ali Abbassi, Yann Dujardin, Eric Gourdin, Philippe Lacomme, Caroline Prodhon

!Orange Research, Chatillon, France; 2LIST3N, Université de technologie de Troyes, France; 3LIMOS, UMR CNRS 6158,
ISIMA, Aubiére, France

Keywords: restricted vertex multicut, row generation, QUBO, CVaR-VQE, finite-horizon optimization, telecom
resilience

Context and positioning. Isolating network assets so that protected source—sink pairs can no longer communicate
leads to the restricted vertex minimum multicut problem. Its compact decision space hides exponentially many
path inequalities. We let a classical row-generation layer handle separation, feasibility verification and constraint
generation, while quantum or quantum-inspired samplers solve the current restricted problem under an exact
certifying reference.

Static and dynamic problems. Let G = (V, E), let H be the set of terminal pairs, let Vj; be protected terminals,
and let R =V Vj; be removable vertices with costs ¢, > 0. With z,, = 1 when v € R is removed and P ,(G) the
simple s—t paths, the static problem is

mianUzv s.t. Z z,>1 V(s,t) € H, Vm € P, 4(G), z € {0,1}7.

vER vemNR

The finite-horizon extension uses stage-dependent graphs, pairs and costs and adds the reconfiguration penalty

T T
min E E Cy Ty + E E pv|xv,t - ‘rv,t—l‘v
t=2 w

t=1 veR,

subject to stage-wise path inequalities.

Hybrid row generation. A separation round tests reachability in the residual graph and adds surviving paths.
Exact restricted solves certify global optimality at termination; heuristic solves certify graph feasibility of the
returned cutset only. With L = |7 N R| and b, = [log, L,] slack bits, the exact-slack QUBO is

b—1 2
Q(Ly):chxv-‘rﬂf Z (Z xv—l—ZZ‘lywq> .
q=0

vER TEP 1oy \VETNR

If M > max,cp c,, every global minimizer satisfies all active path inequalities and minimizes deletion cost among
active-row-feasible assignments. The fixed-register CVaR-VQE alternative keeps one qubit per removable vertex
and scores bitstrings by deletion cost plus a penalty for unhit active paths. Generated paths modify the loss but
do not enlarge the register. Dynamic switching adds couplings between consecutive stages but no new QUBO
variables beyond the stage decisions.

Numerical experiments. The static benchmark contains 425 instances from 22 SNDIib topologies; the dynamic
benchmark contains 386 five-stage scenarios. Exact mixed-integer row generation provides the certified optimum.
In the static experiments all methods return graph-feasible cutsets. Exact row generation is fastest and certifying;
slack-QUBO annealing matches the optimum on 281/425 instances, while the fixed-register CVaR-VQE pipeline
matches it on all 425. Sampler-controlled experiments show no replicated gain attributable to the quantum circuit
itself. In the dynamic experiment, temporal coupling is the bottleneck: slack QUBO stays feasible on most scenarios
but switches often, while CVaR-VQE has lower coverage because of the horizon-wide qubit register and iteration
limits.

Discussion. Only the slack encoding grows with the active constraint set, whereas the fixed register grows with
the horizon. Rolling windows can reduce the latter at the cost of full-horizon optimality. The experiments establish
no quantum computational advantage; rather, they show that any quantum component must be assessed within
the complete workflow, including graph validation and temporal coupling.

References

[1] A. Abbassi et al., CoDIT 2025. [2] A. Abbassi et al., CCIS 2744, 2026. [3] P. K. Barkoutsos et al., Quantum
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Du, 40R 17:335-371, 2019. [6] A. Lucas, Frontiers in Physics 2:5, 2014. [7] Y. Magnouche et al., Discrete Applied
Mathematics, 2021. [8] D. Marx, I. Razgon, SIAM J. Comput., 2014. [9] S. Orlowski et al., Networks 55(3):276-286,
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Probability Maximization via Marginal Assesment of Joint
Uncertainties

Wim van Ackooij, Carolina Chiu, Welington de Oliveira, Pedro Pérez-Aros

10SIRIS, EDF Lab Paris-Saclay, France, wim.van-ackooij@edf.fr 3SMINES Paris-PSL, CMA, France,
welington.oliveira@minesparis.psl.eu 2Universidad de Chile, Chile, cchiu@dim.uchile.cl, pperezQdim.uchile.cl
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We consider probability maximization problems of the form

max ¢(z) == P(¢ < h(x),

zeX
where X C R” is a closed feasible set, h : R* — R™ is a C''! mapping, and ¢ is a random vector with continuously
differentiable density, and marginal distributions F;, j = 1,...,m. After establishing conditions under which ¢ is
a C1! function, we propose MAJU (Marginal Assessment of Joint Uncertainty), an algorithm that exploits the

marginal distributions F}; to construct a local approximation model at the current stability center zk:

Here, w* € [0,1]™ is a vector of weights selected by the algorithm, which defines the next iterate as a stationary
point of the proximal subproblem

L L
max M, (z) — 7k||x — zF|2.
A serious-step/no-step acceptance rule, together with the update of L, > 0, promotes stability of the method and
ensures monotone ascent of the objective function. We illustrate the performance of MAJU on three benchmark
probability maximization problems, where it exhibits competitive performance compared with other known NLP
methods applicable to C1'! objectives.

References

[1] W. van Ackooij, C. Chiu, W. de Oliveira, and P. Pérez-Aros, Lipschitz gradient guarantees for probability
functions and a new algorithm for probability maximization, preprint, available at Optimization Online, 2026.
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Matrix-based Scenario Aggregation for Two-Stage Stochastic
Programs: From Partitions to Subspaces
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1EDF Lab Paris-Saclay, France, wim.van-ackooij@edf.fr 2 Univ. Lille, Inria, CNRS, Centrale Lille, UMR 9189 CRIStAL,
France, natalia-francisca.jorquera-bravo@inria.fr, mmmroland@gmail.com 3Center for Advanced Intelligence Project,
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In this work, we study two-stage stochastic programs in which uncertainty is represented by a finite set of scenarios.
Accurately representing the uncertainty requires a large number of scenarios. This makes the extensive formulation
intractable, and has motivated a wide range of scenario reduction, clustering and decomposition techniques [2, 1].
We first propose a matrix-based view of the problem that brings them together. The idea is to aggregate the
constraints and the variables of the second stage through two matrices. Each row of a matrix defines an aggregated
constraint or an aggregated variable, and its entries give the contribution of each scenario to it. We show that
every scenario clustering scheme is a particular choice of these two matrices. Adaptive partition-based methods,
which refine a partition of the scenario set guided by dual information, correspond to matrices whose rows have
disjoint supports and binary entries. We derive a bound on the approximation error at any first-stage decision.
This bound measures the distance between the optimal dual solution and the solutions that the aggregation matrix
can reach. For a partition-based method, it is governed by the heterogeneity of dual solutions inside each subset in
the partition. In that case we also show that the two matrices can be used together while keeping a relaxation of
the original problem, so the partition reduces the number of variables at no cost on the quality of the bound. This
property is specific to the partition structure and fixed recourse assumptions, and it gives insights on the advantages
of adaptive partition-based methods. This framework leads us to a new algorithm. We keep only the aggregation
of the constraints, and we let the rows of the matrix have arbitrary entries and overlapping supports. A constraint
can then contribute to several of the new constraints at the same time. The approximation matrix is now built by
factorizing the matrix of the dual solutions collected along the iterations. Unlike adaptive partition-based methods,
our algorithm does not require the fixed recourse assumption. Finally, we test our algorithms on instances with up
to ten thousand scenarios to validate their performance and practical applicability.

References
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Stochastic Inflows and Seasonal Water Value at Manantali
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Omar Goudiaby, Thomas Ouillon
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Keywords: hydropower, stochastic inflow modelling, seasonal storage valuation, stochastic dual dynamic pro-
gramming, Hamilton—Jacobi-Bellman equation, Senegal river, plandres.

Seasonal hydropower operation requires release decisions that account for uncertain future inflows and the op-
portunity cost of stored water. We assess the Modelling and Optimisation of Stochastic Seasonal Hydropower
Storage (MOSSHOOS) framework for the Manantali reservoir on the Senegal River, using 660 monthly energy-
inflow observations from 1961-2015. The framework couples a discrete and a continuous representation of the
same marginal economic object. On the discrete side, a coarse Haar/Fourier seasonal decomposition and blocked
residual resampling generate candidate inflow paths, which are reduced to ten weighted annual scenarios and fed
into a stochastic dual dynamic programming (SDDP) reservoir model; we show that the active SDDP cut slope
is exactly the shadow price of an additional unit of stored energy. On the continuous side, a seasonal square-root
(Cox— Ingersoll-Ross) diffusion for inflow drives a Hamilton-Jacobi-Bellman formulation whose storage derivative
—Vs is the corresponding continuous-time water value; we derive the associated marginal release threshold and a
Haar storage-basis approximation-rate result. As an independent economic benchmark, we repair a solver-interface
defect in the open-source plandres Seasonal Storage Valuation chain (an integer overload of set_ par was silently
discarding the LP-relaxation flag needed for Benders duals) and recompute its cut slopes with HiGHS. Scenario
reduction improves the energy score by 47.6% relative to independent monthly sampling, but the marginal distri-
bution is rejected by a Kolmogorov—Smirnov test and the lower-tail (p10) relative error remains 103.9%, indicating
inadequate dry-tail calibration; the time-varying Feller ratio of the CIR model also falls below one in the driest
months, so strict positivity cannot be assumed by the HJB solver. Consistent with this tail limitation, 50 paired
Monte Carlo evaluations show no statistically detectable cost or deficit advantage of the stochastic policy over
its deterministic-equivalent counterpart at the archived operating configuration (95% bootstrap intervals for both
paired cost and deficit differences contain zero). The repaired plandres benchmark yields a dominant marginal wa-
ter value of 81.66 USD/MWh, within 3% of the independently computed MOSSHOOS mean of 79.25 USD/MWh,
supporting economic consistency of the marginal object across the two control representations without assuming
a false alignment between their respective 18 and 12 stages. These results support a coherent stochastic inflow-to-
water-value methodology, cross-validated by two independent control formulations and an independent open-source
economic benchmark, while showing that hydrological tail representation—not economic scaling or algorithmic de-
sign—is the principal bottleneck to address before operational deployment. We outline the extensions required
for operational use: deeper multiscale scenario construction informed by a companion daily wavelet analysis, a
state-constrained jump-diffusion treatment of persistent drought, and coupling to the wider OMVS cascade and to
joint inflow—solar—wind—load scenarios relevant to the Senegalese power system.
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Let T¢ = R?/(27Z¢) be the d-dimensional torus. Translations of the torus are generated by constant vector fields.
Let f be a non-constant divergence-free vector field on T?. It generates a one-parameter group of volume-preserving
diffeomorphisms. In this paper, we try to understand which transformations of T can be reached if we perturb f by
constant fields (with the constant depending on time). Indeed, we study the flows generated by the control system
& = f(x)+u(t), and we characterize the subgroup of volume-preserving diffeomorphisms that can be approximated
by such flows when the control parameter varies within the class of piecewise constant functions. The most accurate
results concern d = 2 and d = 3. Then we study the consequences of these results on the control of ensembles of
points evolving under the same controlled dynamics.
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In the framework of optimal control, the Pontryagin Maximum Principle (PMP) is a well established and universal
tool used to solve optimal control problems. However, PMP gives only necessary conditions of optimality and a
trajectory satisfying them need not to be optimal in general. Moreover, even if some arc of such a trajectory is known
to be optimal, PMP alone does not determine where the trajectory ceases to be an optimizer. For these reasons,
secondorder optimality conditions were introduced. I this talk, I will discuss some recent optimality conditions of
second order that we obtained [1], particularly for piecewise regular extremal arcs, that is concatenation of extremal
arcs satisfying the strong Legendre condition. Finally, I will discuss some simple examples to illustrate how our
optimality conditions work in practice.
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Reaching greenhouse gas reduction targets and improving air quality in the transport sector requires combining
several policy levers, whose joint impact is far from straightforward. Low emission zones (LEZ), which restrict
access to the most polluting vehicles, and electric vehicle (EV) purchase incentives are two policies that have been
extensively studied in the literature. Yet, they are traditionally evaluated separately, ignoring their simultaneous
interactions and effects on the vehicle fleet. This work proposes a backcasting methodology to support the combined
implementation of these two policies. Rather than forecasting the effects of a given policy, backcasting starts from
a set of predefined targets (e.g. environmental, budgetary) and searches for the combination of policy levers that
achieves them. In our work, we use the Ilede-France region as a case study, where the evolution of the vehicle fleet
is modeled through its renewal dynamics, and the LEZ implementation schedule together with the EV purchase
incentive are formulated as discrete time-dependent control variables. The resulting optimal control problem is
large scale and nonlinear, which adds even more complexity. Three criteria are considered in this study: (i) an
emission indicator (CO2, NOx or PM), (ii) the budget which is captured by the total cost of EV purchase incentives,
and (iii) a societal indicator given by the number of vehicles whose replacement is forced by the LEZ schedule,
reflecting the acceptability of LEZ restrictions. Any of the three criteria can be minimized as an objective, or set
as a constraint whenever maximum thresholds can be chosen by decision-makers. The criteria set as an objective
can be optimized jointly in a multi-objective setting, or combined into a single mono-objective criterion, with
weights chosen by the decision-maker according to their priorities. The results presented in this study focus on
the unconstrained multi-objective formulation, solved with the genetic algorithm NSGA-II, as a first step to map
out the Pareto front of achievable trade-offs. Once the decision-maker has situated their priorities on this front,
thresholds or weights can be fixed for a more targeted formulation. The purpose of the Ile-de-France case study is
to illustrate this Backcasting methodology as a decision-support tool, rather than to recommend a specific policy
setting. It shows how these trade-offs can guide the combination of several transport policy instruments, under
multiple requirements. While NSGA-II provides a first set of results, further work is needed to explore other
resolution methods for this complex optimal control problem, and to improve computational efficiency.
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Linear programming, mean-payoff games, and parity games raise long-standing questions in algorithmic complexity.
Tropical geometry connects these problems: mean-payoff games are equivalent to feasibility problems for tropical
linear inequalities [1]. In particular, a strongly polynomial combinatorial simplex algorithm for linear programming
would yield a strongly polynomial algorithm for mean-payoff games [2]. These connections lead us to study
the underlying combinatorial structures using oriented matroids, which encode the determinant signs on which
combinatorial pivoting rules depend. In this talk, we compare the families of oriented matroids arising from
classical, tropical, and parity point configurations in general position. For every fixed rank r >2, we prove that the
tropical and parity families of realizable oriented matroids on n labeled elements have respective sizes

(r—1)2n+o(n)

(r—1)n+4o(n)

n and n as n — oo.

Although tropically realizable oriented matroids form a subclass of classically one, both families have size
n<"’1)2”+0(">, whereas parity realizable oriented matroids form a family of size n("™~V7*t°(") that grows strictly
more slowly when r >3. These results give a quantitative comparison of the combinatorial expressivity of linear
programming, mean-payoff games, and parity games. Beyond the oriented matroid results, we show that Santos’s
proposed estimate (nr)®™") for the number of regular subdivisions of A, ; x A, cannot hold uniformly in n and
r[3].
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Many real-world optimization problems involve objective functions whose evaluation is computationally expensive,
making direct optimization impractical. Surrogate-based optimization addresses this challenge by replacing costly
evaluations with predictive models learned from a limited number of samples. Although surrogate models are
commonly assessed through predictive accuracy metrics, their suitability for optimization can be overlooked. This
work investigates optimization-oriented surrogate-assisted frameworks for expensive black-box optimization, with
a focus on Wind Farm Layout Optimization (WFLO). The objective is not to develop new surrogate models,
but rather to study how surrogate representations, optimization formulations, and sequential sampling strategies
can be combined to efficiently guide the search towards high-quality solutions. Particular attention is paid to
the interaction between model accuracy, and optimization tractability. The proposed research explores different
surrogate families and optimization schemes within iterative design-of-experiments frameworks inspired by Efficient
Global Optimization and Sequential Model-Based Optimization [1]. The long-term goal is to identify surrogate-
optimization combinations capable of scaling to large and expensive optimization problems while maintaining strong
optimization performance.
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The estimation of Distribution Locational Marginal Costs (DLMCs), i.e., the marginal costs for serving real and
reactive power demand at a certain time and location, can serve as a means for efficient coordination of distributed
energy resources in active distribution networks [1, 2]. DLMC computation can benefit from the computation of
voltage and current sensitivities with respect to nodal real and reactive net demand, yet detailed network models
are often unavailable in practice. Inspired by [3], we derive a parameterized formulation of these sensitivities
that explicitly captures their dependence on net demand, based on the LinDistFlow model. Building on this
formulation, we propose an optimization based approach that learns network parameters and bias terms from
measurement data or high-fidelity power flow outputs. Numerical results on standard test feeders, and on an
actual distribution feeder demonstrate the effectiveness of our data driven approach and its potential to support
dynamic and adaptive distribution network tariffs [4]. Additional results on an actual distribution feeder that
employ an iterative coordinate descent algorithm illustrate that the coordinated charging of electric vehicles, which
adapt their charging profiles to these tariffs, can achieve most of the system-wide efficiency gains in just a few
iterations.
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We consider the problem of setting tolls on a subset of the arcs of a congested network so as to maximize the revenue
of a network authority, anticipating that users route according to a Wardrop equilibrium. This problem is naturally
cast as a bilevel program in which the leader sets tolls while the followers respond by choosing an equilibrium routing.
We focus on the important special case of separable affine arc cost functions. Under this assumption, Wardrop
equilibria admit Beckmann’s convex characterization, from which we derive three new single-level reformulations
of the bilevel problem, exploiting both Beckmann’s formulation and its dual: an arc-based formulation, which is
exact, and two path-based formulations, solved by column-and-constraint generation. Beyond the reformulations,
we further derive from Beckmann’s potential an upper bound on the optimal revenue that can be used to certify
optimality gaps across all formulations. An extensive computational study on instances derived from the Sioux
Falls and Eastern Massachusetts networks compares our formulations with the recent mixed-integer nonlinear
formulation of Beck, Labbé and Schmidt [1]. The arc-based formulation solves substantially more instances to
proven optimality (within a time limit of 1800s) than the formulation of [1] and, unlike it, returns a feasible
solution on every instance, remaining effective on the largest 74node network, on which [1] solves few instances, if
any. The magnitude of the upper bounds on the tolls proves to be a major driver of tractability: the genuinely
hard core of the benchmark emerges once the regulatory cap on tolls is removed. The two path-based formulations,
used as heuristics, return a solution within 1% of the optimum on every instance whose optimal value is known,
often in seconds where exact formulations reach the time limit.
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The effectiveness of optimization algorithms depends drastically on the problem at hand, and often it can change
during the optimization process. This implies that choosing different algorithms for different stages of search might
outperform any single algorithm that is used from the beginning until the end. However, finding a good strategy
of switching between algorithms from a given portfolio for a specific problem is a non-trivial task. In this work, we
provide the first foundations for online algorithm selection (OAS) and show an example where its superiority over
single-algorithm approaches is well-pronounced. Namely, we consider a setting when we have a portfolio of two
algorithms, the (1 + 1) EA and the (1 4+ (A, A)) GA, and we solve OneMax benchmark by starting with the (1 + 1)
EA and switching to the (1 + (A, A)) GA when close to the optimum. While both algorithms from the portfolio have
Q(n/y/logn) expected runtime (or by sub-polylogarithmic factors better), the OAS can find the optimum in O(n
log log n) expected time, which is asymptotically faster. We then provide a broad empirical study which confirms
that our observation that these two algorithms demonstrate different effectiveness at different distances from the
optimum. It also indicates that the proposed switching mechanism is not specific to the OneMax benchmark, but
rather general. We also present the current work-in-progress, where we explore more complicated mechanisms of
switching between algorithms such as reinforcement learning and bandit-based approaches. We show that these
approaches can be used to learn the best switching strategy for a given problem, and we provide preliminary results
on their performance.
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Demand-management policies aim to shift behavior toward sustainable choices, such as goods or transport modes.
Personalized incentive policies tailor subsidies to agents’ needs, but they also enable strategic manipulation: an
agent may imitate a less responsible profile to obtain larger incentives. When this is profitable remains poorly
understood. We model the repeated interaction as a Stackelberg game. Prior work often represents manipulation
as strategic misreporting: a follower supplies fake payoffs or best responses, and the leader adapts its commitment
accordingly [1]. We instead place preference elicitation inside the game: the regulator infers a profile from a
history of random-utility choices and applies its optimized incentive. This separates the agent’s true, imitated, and
regulator-inferred profiles. To imitate another profile, the agent must repeatedly choose as that profile would rather
than follow its true preferences, thereby incurring a Cost of Manipulation (CoM). We decompose the advantage from
manipulation into a Gain from Manipulation (CoM) (obtained from shifting the distribution of future incentives
towards higher values) minus the CoM. Information-theoretic arguments upper-bound the GoD in terms of the
regulator’s ability to distinguish profiles from past choices. Comparing this bound with the CoD yields a threshold
on the interaction length: below this threshold, manipulation is guaranteed to be unprofitable. We derive a
counter-intuitive analytical result: when preference elicitation is less effective—i.e., when the regulator has greater
difficulty distinguishing agent profiles from their past behavior—manipulation is more strongly deterred. A Monte
Carlo case study calibrated on London travel choices [2] shows that when the agent can simply report their profile
to the regulator, the agent is always better off manipulating. However, in the most realistic case in which the
regulator infers the agent’s profile via preference elicitation, the manipulation would entail a too high Cost of
Manipulation, and the agent is better off being honest. The framework can thus stress-test personalized incentives
before deployment.
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The expansion planning (EP) problem in energy systems optimization aims to determine long-term investment
decisions while ensuring the feasibility of short-term system operations. Long-term decisions concern investments
in generation and storage capacities, as well as capacity decommissioning and lifetime extension, whereas short-term
operational decisions involve generation and storage scheduling subject to supply-demand balance, technical, and
network constraints [1]. We consider Benders decomposition to exploit this natural separation between investment
and operational decisions. However, accurately representing short-term operations over a long planning horizon
leads to large operational problems, particularly in the presence of timecoupling constraints. To address this issue,
we rely on a temporal decomposition that separates the operational problem into smaller subproblems [2]. At each
Benders iteration, these subproblems can generate several candidate cuts for the current master-problem solution,
raising the question of which cuts should be added to the master problem. In this talk, we present this temporal
decomposition approach and then focus on cut selection, investigating how different selection policies affect the
performance of the Benders decomposition algorithm. We review several strategies from the literature [3] and
discuss theoretical properties of Benders cuts. Finally, we provide a numerical analysis on capacity expansion
instances derived from the ERAA dataset to compare the performance of these selection strategies.
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When considering substantial Unit Commitment (UC) problems, a common practice for reducing the problem size
is that of aggregating similar units in order to reduce the computational complexity of the problem [1]. However,
naive aggregation methods generally result in infeasibilities on the individual level. Nonetheless, it has been shown
that Electric Vehicle (EV) flexibility sets are in fact generalized polymatroids [2, 3], or g-polymatroids, a class of
polytopes introduced by Frank [4] and further studied in the context of discrete convexity by Danilov and Koshevoy
[5]. As gpolymatroids are stable by Minkowski sum and allow optimization of linear objectives via the greedy
algorithm, this observation ensures an exact aggregation of EVs and an efficient resolution. We explore the other
components of the UC problem as reported by the European Resource Adequacy Assessment (ERAA) and show
that other storage and flexibility means, such as batteries or heat networks, also have g-polymatroid constraints.
We also evoke more difficult models, such as detailed hydropower, which do not exhibit the g-polymatroid structure
(at least not in their most natural formulation).
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Flow-based market coupling clears the European day-ahead electricity market subject to a zonal approximation of
transmission constraints constructed ex ante. Because this approximation is imperfect and zonal net positions do
not uniquely determine nodal injections, the resulting dispatch may violate physical limits and require costly ex
post remedial actions during congestion-management stage. We ask whether nodal security can instead be incor-
porated into flow-based capacity calculation while leaving the standard zonal clearing problem and its pricing rule
unchanged. We formulate capacity calculation stage as a bilevel inverse-optimization problem. The upper level
chooses admissible flow-based parameters, which define the zonal approximation of transmission constraints, and a
nodally secure dispatch. The lower level represents conventional zonal market coupling. Since both levels maximize
the same welfare function, the formulation seeks the best secure outcome that an admissible flow-based feasibility
domain can induce. Our decomposition exploits a structural partition of the lower-level Karush-Kuhn—Tucker
(KKT) conditions. Resource-side conditions link dispatch quantities to zonal prices independently of the flow-
based parameters and strengthen a hybrid zonal-nodal master problem. The master thus selects a secure target
consistent with zonal merit order. An inverse-optimization subproblem then calibrates the flow-based parameters,
with regularization toward conventional capacitycalculation estimates, and reconstructs the omitted network-side
conditions. Compared with a conventional decomposition using a purely nodal master, this construction excludes
targets that no zonal price vector can support, removing a major source of inverse-subproblem infeasibility. Fea-
sibility of the inverse subproblem completes the KKT system and certifies that the target is globally optimal for
the unchanged zonal clearing problem under the calibrated parameters. Global solution of the master additionally
certifies global optimality for the bilevel problem. We characterize supporting zonal prices, give a rank condition
for uniqueness, and identify structural causes of reconstruction infeasibility. Experiments on a stylized network and
the IEEE 118-bus system show that calibrated domains can eliminate physical violations at market clearing and
reduce total operating cost when ex post congestion-management costs are included. The framework thus provides
both a capacity-calculation method and explicit certificates that nodally secure outcomes can be implemented
through zonal market coupling.
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Many no-regret dynamics are known to eliminate strictly dominated strategies. Nevertheless, we show on a 3x2
example that a standard no-regret dynamics, the projected gradient algorithm, may fail to eliminate pure strategies
strictly dominated by other pure strategies. This holds to an open set of games, and extends to the optimistic variant
of the projected gradient algorithm. This may occur because, by contrast with other major no-regret dynamics
such as the exponential weight algorithm or potential based no-regret dynamics a la Hart and Mas-Collel, the
projected gradient algorithm is not a perturbed version of continuous fictitious play. Our results show that, though
achieving no-regret seems harder than avoiding irrational behaviour, examples of no-regret distributions putting
weight on dominated strategies are not mere intellectual curiosities: standard no-regret algorithms may really lead
to such distributions of play.
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In the context of global decarbonization, optimizing industrial electricity consumption is a critical lever for reduc-
ing greenhouse gas emissions. Non-Intrusive Load Monitoring (NILM) estimates individual load consumption from
an aggregate meter, offering a cost-effective means to gain this visibility. Although deep learning has advanced
residential NILM, industrial deployment remains difficult because machine signatures overlap, operating cycles are
long and heterogeneous, variable-speed loads are common, and operating states are strongly imbalanced. This diffi-
culty is compounded by the scarcity of publicly available industrial datasets, which in turn limits the availability of
standardized benchmarks for fairly comparing methods across machine types. We propose an industrial benchmark
of representative deep learning methods for NILM, including convolutional, recurrent, multi-task, attention-based,
Transformer, and generative architectures. We compare seventeen implementations on five industrial machines
from the HIPE dataset [1], spanning binary, multi-state, and continuously variable behavior. We organize our
analysis around three axes: performance (measured via Total Energy Correctly Assigned, TECA), learning speed,
and sampling resolution. Results show strong machine dependence: BiLSTM gives the highest mean TECA overall
(0.543), while BiGRU leads on Chip Press (0.735) and Attention CNN on the High Temperature Oven (0.726). A
separate runtime experiment shows that a sequence-to-sequence CNN trains roughly 13x faster than BiGRU and
21x faster than Energformer under our measured setting. A sampling-resolution sweep from 5 s to 1 h across ten
machines shows 5 s gives the highest mean TECA (0.570), though the optimum remains machine-specific. These
results support architecture and sensing choices conditioned on machine dynamics rather than a universal model
or sampling interval.
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Many real-world decision problems require solving, again and again, combinatorial optimization instances drawn
from a common distribution. Instead of solving each instance independently, a recent line (COAML) of structured
learning methods, with many empirical achievements, exploits the statistical regularity by learning policies that
pair a statistical model with a tractable combinatorial oracle. We here analyze smoothed policies: adding con-
trolled random perturbations to the direction used by the linear oracle yields a differentiable surrogate risk and
improves generalization. Our main contribution is a generalization bound that decomposes the excess risk into i)
perturbation bias, ii) statistical estimation error, and iii) optimization error. The perturbation bias is controlled
by the fan-crossing probability, a new geometric quantity measuring the likelihood that a perturbation changes the
oracle solution. The statistical model is then eventually replaced by a denoising diffusion model, allowing to use
probabilities over continuous sets despite the discrete setting of combinatorial problems.

Based on ongoing work with Yohann De Castro (ICJ Lyon) and Axel Parmentier (CERMICS, ENPC) and on
https://arxiv.org/abs/2407.17200 (to be accepted at SIOPT)
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The concept of projected solution for nonself generalized Nash games and quasi-variational inequalities has been
defined in [1] and this approach has attracted attention in different context (see e.g. [2, 3, 4, 5, 6, 7, 12]).
Nevertheless the computation of projected solutions has been only recently investigated ([8, 9, 10, 11]). Our aim in
this talk is to present a new numerical approach and its application for the modelling of bid processes in electricity
markets.
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The Unit Commitment (UC) problem is a fundamental challenge for energy producers and network operators
aiming to determine an optimal generation schedule for electricity production units while satisfying technical and
economic constraints. A major source of complexity arises from uncertainty, particularly in forecasting energy
demand and renewable generation. To address this issue, decomposition methods have been widely studied to
efficiently handle a large number of scenarios.

Recently, a new formulation of the deterministic UC problem based on interval variables has been proposed to better
model unit production decisions. Building on this approach, we develop stronger cuts for stochastic UC problems.
Interval variables represent the complete online intervals of the units and therefore capture more information than
the classical formulation. This additional information allows us to better approximate future operating costs within
decomposition algorithms.

Through computational experiments on benchmark instances, we show that the proposed cuts improve convergence
and reduce solution times. These results illustrate the benefit of interval variables for solving large-scale stochastic
UC problems and their potential for decomposition methods in which decisions are adapted as uncertainty is
revealed.
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In this talk, a model for emergency department as a stochastic network with a two-level service is analyzed. In
the model, a patient care pathway consists of a first consultation, followed by medical examinations and finally an
exit consultation before discharge. The first level (the technical cubicles) contains the patients before or during
the first consultation. The second level (a waiting zone) consists of patients undergoing examinations and patients
waiting for or attending a second consultation. Each level has a finite capacity, so when the second level is full,
patients must stay at the first level. A main feature of the model is the fact that first and second consultations
are managed by the same pool of emergency physicians. Under a scaling assumption, for different service policies,
the evolution of the number of patients in each step of the pathway is investigated. It is shown that depending
on the parameters, there is a phase transition for the system between two different regimes: a regime limited by
the number of emergency physicians and a regime limited by the second level capacity. Stochastic calculus from
the evolution equations of the 2 or 3-dimension Markov process describing the system, martingale properties and
differential inclusions are the main mathematical tools to obtain the limit of the scaled process. Using this limiting
process, the various service policies are described and compared in order to determine, for each regime, the policy
that best optimizes either the number of patients treated per unit of time or the average duration of a care pathway.
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We consider a data-driven formulation of the classical discrete-time stochastic control problem. Our approach
exploits the natural structure of many such problems, in which significant portions of the system are uncontrolled.
Employing the dynamic programming principle and the mean-field interpretation of single-hidden layer neural
networks, we formulate the control problem as a series of infinite-dimensional minimisation problems. When
regularised carefully, we provide practically verifiable assumptions for non-asymptotic bounds on the generalisation
error achieved by the minimisers to this problem, thus ensuring stability in overparametrised settings, for controls
learned using finitely many observations. We explore connections to the traditional noisy stochastic gradient
descent algorithm, and subsequently show promising numerical results for some classic control problems.
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We study the numerical optimization and bifurcation analysis of an Airborne Wind Energy (AWE) system. Using
kites to harness wind energy has been intensively studied in the last decade, see e.g. the survey by M. Diehl et
al. in [1]. In the framework of the KEEP project (Kite Electrical Energy Production), funded by PGMO and
CNRS and gathering researchers from ENSTA Bretagne and Université Céte d’Azur, our goal is to maximize the
electrical power generated by a kite attached to a lever arm; flying the kite along a crosswind lemniscate drives
the arm to generate electricity [2]. We build a point-mass mechanical model where a fictitious aerodynamic force
steers the kite along a prescribed lemniscate-shaped cone. The resulting differential equation is expressed as a
second-order ODE with two degrees of freedom (4-dimensional state space). The power maximization problem on
the periodic regime is solved via a single-shooting formulation that jointly optimizes the design parameters, initial
state, and period subject to periodic boundary conditions, bypassing slow asymptotic time-averaging. Finally, we
use BifurcationKit.jl [3] to perform continuation on the resulting limit cycle with respect to wind speed, revealing
the existence of a fold bifurcation at low wind speeds as well as confirming the local uniqueness of the limit cycle
at normal operating conditions. This is an example of joint use of optimization and bifurcation theory for the
numerical analysis of a dynamical system.
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Segment Routing is a recent network technology that helps optimizing network throughput by providing finer
control over the routing paths. Instead of routing directly from a source to a target, each demand is assigned
a list of waypoints called segment path, and between consecutive waypoints, the packets are routed according
to traditional shortest path routing protocols. Segment Routing offers greater flexibility by allowing packets to
deviate from the shortest paths, with minimal additional implementation costs for network administrators. The
associated computational problem is Min Segment Routing: Given a network on n vertices with weighted and
capacitated links, d traffic demands (vertex pairs), and a number k, the task is to find, for each demand, at
most k waypoints such that routing the demands according to these segment paths minimizes congestion in the
network. Congestion is usually measured by the maximum link utilization (MLU), that is, the largest ratio of load
to capacity over the links of the network. The problem is known to be weakly NP-hard [3]. Approaches based
on linear program- ming [1, 4, 2] or constraint programming [3] have been employed in previous works to solve
it heuristically or speed-up solvers. We complement these practical approaches with a rigorous analysis of the
computational complexity of Min Segment Routing. In particular, we study the problem within the theoretical
framework of parameterized complexity: we investigate if special structures of real-world communication networks
could be exploited algorithmically.

References

[1] Randeep Bhatia et al. “Optimized network traffic engineering using segment routing”. In: 2015 IEEE Conference
on Computer Communications (INFOCOM). IEEE. 2015, pp. 657— 665.

[2] Hugo Callebaut, Jérome De Boeck, and Bernard Fortz. “Preprocessing for segment routing optimization”. In:
Networks 82.4 (2023), pp. 459-478.

[3] Renaud Hartert et al. “Solving segment routing problems with hybrid constraint program- ming techniques”.
In: Proceedings of the 21st International Conference of Principles and Practice of Constraint Programming (CP
2015). Springer. 2015, pp. 592—608.

[4] Mathieu Jadin et al. “CG4SR: Near optimal traffic engineering for segment routing with column generation”.
In: INFOCOM Conference on Computer Communications. IEEE. 2019, pp. 1333-1341.

31



PGMODAYS 2026 Invited and contributed talks

Session 12B: Invited session: Discrete optimization for hydro unit commitment problem Room: Henri Poincaré (Amphi

)

Branch-and-Cut en 2 phases pour gérer les symétries polyédrales,
application au 1-HUC

Pascale Bendotti, Alexandre Heintzmann, Cécile Rottner

In this paper, we consider polyhedral symmetries, defined as permu- tations of variables that preserve feasibility in-
dependently of the objec- tive function. Unlike classical symmetry-handling techniques, we develop a Branch&Cut
framework with a separation in two-phases that leverages these symmetries to structure families of valid inequal-
ities and enhance their separation. The first phase generates representative valid inequalities based solely on the
constraint set, while the second phase separates their symme- try orbits during the Branch-and-Cut process. For
column-wise symmetric polyhedral symmetry groups, we show that the orbit-separation problem re- duces to a
maximum matching problem which can be solved in polynomial time. We apply the proposed framework to the
Symmetric-weight Chain Precedence Knapsack problem, a knapsack variant arising in Hydro Unit Commitment
problems at EDF. Computational results show that exploiting polyhedral symmetries significantly strengthens the
separation process and improves overall solution performance.
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Baldwinian and Lamarckian evolution have existed for a long time in evolutionary algorithms (EAs) without ever
dominating the academic literature or practical applications. In this work, we use modern empirical and theoretical
methods to revisit Lamarckian and Baldwinian evolution and rigorously compare them with the generic Darwinian
evolution. On the empirical side, we run a comprehensive suite of experiments on graphs from six different datasets
from the recent GraphBench benchmark on Maximum Independent Set and Maximum Cut problems. Our results
show that Baldwinian and Lamarckian evolution consistently outperform Darwinian evolution, confirming the
great potential of local search augmented evolutionary algorithms. Notably, in the great majority of cases, all
EAs outperform recent deep learning baselines and approach the performance of highly specialised heuristic and
exact solvers. We furthermore report a high-performing set of generalist parameters for all studied evolution
types that we hope will be of use to practitioners in future. On the theoretical side, we extend the existing
DeceptiveLeadingBlocks benchmark to arbitrary block length k. For all constant k, we then prove asymptotically
tight runtime bounds for the (1 + 1) EA in the three evolution types on this benchmark. For Baldwinian evolution,
these are independent of k, whereas for the other two evolution types, the runtimes steeply increase with growing
value of k.
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Estimates suggest that about 14% of the food produced are wasted between production and distribution [2]. This
waste leads to an economic cost for the companies involved and an ecological cost for the society. This abstract
addresses an inventory problem with operational constraints from Califrais, the digital operator of Rungis, with a
consideration on food waste. The problem studied is a multi-item uncapacitated lot-sizing problem where several
constraints are considered: the minimum order quantity, the perishability of products, and the inventory bound.
Fach item has a unit volume, a lifespan and a minimum order quantity, and unsold units reaching their lifespan
must be disposed of at a cost penalizing food waste. The items are coupled by the storage capacity of the warehouse.
This problem is a harder version of the multi-item uncapacitated lot-sizing problem with inventory bound, proven
strongly NP-hard in [1], so it is NP-hard as well. As the inventory bound constraint is the only coupling constraint,
a Lagrangian relaxation heuristic is made to decompose the problem into simple single-item lot-sizing problems. We
prove that the resulting single-item lot-sizing problems can be solved polynomially using dynamic programming.
The subplan decomposition used to build the recurrence will be presented, as well as the dominance properties
derived from the constraints. As the Lagrangian relaxation modifies production, holding and disposal costs, a cost
transformation is made to obtain non-speculative disposal costs. A repair heuristic restores the storage capacity
at each subgradient iteration, providing feasible solutions whose quality is assessed on instances derived from [3],
as well as on real-case instances from Califrais. A performance comparison is given against mixed-integer linear
programming formulations and sensitivity analysis of multiples parameters will be shown.
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In the fresh-food supply chain—specifically at the Rungis food market, multiple suppliers each sell a different type
of goods (meat; fish; and fruits and vegetables). Each must independently perform deliveries to their own set of
clients, and there is heavy overlap between these sets of clients, most of them being located in close proximity to
each other. This independent routing leads to two types of inefficiencies: partially filled trucks and multiple visits
to the same client. To alleviate this, Califrais aims to introduce a new actor to the system, called the “pooling
operator,” that can take over some of the deliveries of the different suppliers and pool them, leading to better
efficiency than what the suppliers can achieve on their own. We propose a new form of (vertical) collaborative
routing model [1], where the pooling operator provides a “pooling service” that the suppliers can use to reduce
their own routing costs. In our model, the pooling operator prices the service in advance and chooses daily how
to operate the system. To make sure the different suppliers want to participate, the pooling operator must ensure
that operating costs are reduced for suppliers who participate in the pooling scheme, while trying to maximize its
own profit. Our main contribution lies in using a pooling model where the allocation of profits is done in advance
rather than through the use of a posteriori reallocation of the profits, which is the more common approach in the
literature [2]. We formulate the model, provide bounds on the usefulness of pooling in simple cases, and state
properties that will help us solve the model. Finally, we provide initial numerical results that demonstrate the
viability of the proposed pooling system, based on a real-world data set from suppliers operating at the Rungis
food market.
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We analyze a zeroth-order particle algorithm for the global optimization of a non-convex function, focusing on
a variant of Consensus-Based Optimization (CBO) with small but fixed noise intensity. Unlike most previous
studies restricted to finite horizons, we investigate its long-time behavior with fixed parameters. In the mean-field
limit, a quantitative Laplace principle shows exponential convergence to a neighborhood of the minimizer x*. For
finitely many particles, a analysis based on propagation of chaos yields explicit error bounds: individual particles
achieve long-time consistency near x*. We also analyze the performance of the “global best” particle. The proof
technique combines a quantitative Laplace principle with block-wise control of Wasserstein distances, avoiding the
exponential blow-up typical of Gronwall-based estimates.
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We introduce a method for solving Hamilton—Jacobi equations, both inviscid and viscous, by minimizing the squared
residuals of monotone finite-difference discretizations on grids of varying resolution. In contrast to the uniform-
grid setting of [1], our analysis and numerical framework accommodate possibly non-uniform grids. The method is
designed to leverage neural networks and modern GPUs to solve these equations in higher dimensions; consequently,
the setting for our analysis is the minimization of the residual functionals via gradient-based optimization. We
establish a well-posedness theory for this approach: any critical point of the finite-difference loss solves the monotone
scheme together with the prescribed Dirichlet boundary conditions, and the error of an approximation is controlled
by its residual. We then derive the rate of convergence of the gradient flow that minimizes the residual in several
settings, noting that the rate may depend on the grid resolution and the domain dimension. Building on this
foundation, we propose a multi-level training algorithm that exploits the faster convergence available on the coarser
grids of the discretization. Combined with the convergence theorem of Barles and Souganidis for monotone and
consistent schemes, our results guarantee convergence to the unique viscosity solution as the grid is refined. We
illustrate the approach on eikonal equations, level-set problems, and a Hamilton—Jacobi-Isaacs equation arising
from a stochastic differential game, in dimensions up to eight [2].

References

[1] C. Esteve-Yagiie, R. Tsai, and A. Massucco. Finite-difference least square methods for solving
Hamilton-Jacobi equations using neural networks. Journal of Computational Physics, 524:113721, 2025.
https://arxiv.org/abs/2406.10758

[2] C. Esteve-Yagiie, O. Bokanowski, and R. Tsai. Solving Hamilton-Jacobi equations by residual minimization of
monotone finite-difference discretizations. Preprint, 2026. https://arxiv.org/abs/ 2601.21764

37



PGMODAYS 2026 Invited and contributed talks

Session 15H: Invited Session:Neural Network approximations for high-dimensional PDEs Problems Room: Alan Turing

(A1.134)

Neural Feedback Learning for Stochastic Control with Degenerate
Diffusions: Quantitative Error Estimates and Numerical Experiments

Olivier Bokanowski, Jean-Francois Chassagneux, Marco Scaratti, Xavier Warin

1Université Paris Cité, Laboratoire Jacques-Louis Lions, France, olivier.bokanowski@u-paris.fr 2ENSAE, CREST and
Institut Polytechnique de Paris, France, jean-francois.chassagneux@ensae.fr 3University of Verona, Italy,
marco.scarattiQunivr.it 4EDF Lab Paris-Saclay and FIME, France, xavier.warin@edf.fr; Parallel Session: Neural Network
approximations and related techniques for high-dimensional PDEs and Control Problems.

Keywords: Stochastic optimal control, degenerate diffusions, neural feedback control, error estimates.

We study finite-horizon stochastic optimal control problems and approximate the resulting time-discrete formula-
tion by a direct policy-learning problem over neural-network feedback maps. We prove a quantitative convergence
estimate, in an averaged sense, for the error between the time-discrete value and the value induced by an approx-
imately optimized neural policy. The bound separates the approximation of near-optimal feedback policies, the
localization of stochastic trajectories on compact sets, and the optimization tolerance in training. The analysis
does not require transition-density assumptions and covers possibly degenerate diffusions and deterministic con-
trolled dynamics in a unified framework. Numerical experiments are provided for a degenerate stochastic radial
target problem, a Hamilton Jacobi Bellman benchmark, and a gas storage problem, illustrating the approach and
separating the main error sources: time discretization, restriction to piecewise-constant policies, neural-network
approximation, and Monte Carlo evaluation.
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We establish that nonconvex definable parametric optimization problems with possibly nonsmooth objectives,
inequality constraints, conic constraint systems, and non-unique primal and dual solutions admit an adjoint state
formula under a mere qualification condition. The adjoint construction yields a selection of a conservative field
for the value function, providing a computable first-order object without requiring differentiation of the solution
mapping. Through examples, we show that even in smooth problems, the formal adjoint construction fails without
conservativity or definability, illustrating the relevance of these concepts to grasp theoretical aspects of the method.
This work provides a tool that can be directly combined with existing primal-dual solvers for a wide range of
parametric optimization problems.
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Ample empirical evidence in deep neural network training suggests that a variety of optimizers tend to find nearly
global optima. In this work, we adopt the reversed perspective that convergence to an arbitrary point is assumed
rather than proven, focusing on the consequences of this assumption. From this viewpoint, in line with recent
advances on the edge-of-stability phenomenon, we argue that different optimizers effectively act as eigenvalue
filters determined by their hyperparameters. Specifically, standard gradient descent inherently avoids the sharpest
minima, whereas Sharpness-Aware Minimization (SAM) algorithms go even further by actively favoring wider
basins. Inspired by these insights, we establish a generalized Hadamard—-Perron stable manifold theorem applying
to general semialgebraic C2 functions, without requiring additional non-degeneracy conditions or global Lipschitz
bound assumptions. We leverage this theoretical framework to propose two novel algorithms—Two-step USAM and
Hessian USAM—that exhibit enhanced eigenvalue filtering and promote wider minima. Numerical experiments on
feed-forward neural networks and ResNet architectures support our theoretical conclusions.
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The travelling salesman problem (TSP) is one of the most studied problems in operations research. Many works
focus on this problem both in classical and quantum optimization. For a N city TSP, we propose an improvement
over the work of (Baldazzi et al., 2026) which came up with a 2 log2(N). Our proposal consists in a new mixer
allowing us to put into superposition only valid TSP tours at the cost of an ancilla qubit. As in the original work,
the resolution of the problem is through a variational quantum circuit (VQA). Examples with five and eight cities
are solved and two different methods to extract the solutions are given.

Theoretical circuit

The proposed circuit keeps the structure of the original work but replaces every step. A warm start obtained
through classical heuristics is used to prepare an initial state. The initial state preparation involves the state
preparation of (Shukla et al.,2023) and the solution found by classical means.

Then, an operator to exchange two different city amplitudes on a register (BSWAP) is introduced. Using this
operator, one can build another operator (Wij) which will exchange two cities i and j in a tour in the 2 log2 N
representation.

Solution extraction and results

We propose a procedure to extract the solutions from optimized angles. This involves rounding the angles obtained
and applying or not the exchanges made in the quantum circuit onto the warm start

(N—l)(N—Q)l}’ ezpt{o, 0 < /4,

Vk € {0
2 /2, 0>m7/4.

Experiments were run on a simulator using Qiskit. One example of result is given in Table 1 for a 5- cities instance
where the arcs included in the optimal solution are found with probability 0.94.

Solution Cost Probability to appear

[0, 3,1, 2,4, 0] 18 0.94

[0, 1, 4, 2, 3, 0] 219 0.03

[0, 3, 1, 4, 2, 0] 144 0.02

For the 8-city example, the solution extracted from the angles was not optimal but, using the X matrix and the
extraction from (Baldazzi et al., 2026), the optimal solution was still recovered.
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In this work, we consider quadratically regularised medians in Wasserstein spaces and investigate their stability
properties with respect to adversarial inputs. This model is a measuretheoretic version of that recently proposed
in [?] in the context of Bayesian decision making over Euclidean spaces. In the latter work, it shown among
other things that adding inside a median problem a Tikhonoff term penalising the distance from a prior belief
entails strong resilience properties on the resulting aggregator, wherein the total displacement induced by an
adversary input is bounded by the ratio between its weight and the regularisation parameter, regardless of its spatial
location. The corresponding notion of Lipschitz resilience is currently used for robust content recommendations
on the platform Tournesol.app, through a bayesian generalization of Bradley-Terry models, see e.g. [?]. After
measuring the sensitivity to adversaries of classical Wasserstein aggregators in terms of their breakdown points
heuristically, the minimal amount of inputs that one need to manipulate to make the aggregator diverge , we
introduce two different Wasserstein median models which are amenable to quadratic regularisation. The first one
involves linearised W2-metric at the prior, and leverages convexity properties along generalised geodesics, while the
second is based on the vanilla W1-median investigated in [?], and hinges upon fine flat uniform convexity estimates
for the squared W2-metric explored in [?]. The improved robustness of these new aggregators is illustrated via
numerical simulations.
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Decision-making under uncertainty involves making a decision at time where all of the elements are not known.
If, instead, contextual data is available, it is possible, with data-driven methods, to predict the missing elements.
There are thus two challenges: prediction, using machine learning, and decision, using constrained optimization.
The predict-then-optimize sequential paradigm proposes to predict the missing elements, with the machine learning
model aiming at minimizing the error between the predicted and the true parameters. However this method has
been proven to be structurally sub-optimal [1]. Decision-focused learning proposes that the machine learning model
learns to minimize a function of regret over the final decision, under strong differentiability conditions [2]. Predictive
maintenance is one of these cases, with a failure prediction problem and a maintenance planning optimization
problem. The maintenance planning optimization problem is modeled as a mixed-integer linear program aiming
at minimizing the total maintenance cost under resources and potentiality constraints. Decision-focused learning
is not applicable in this case because the uncertainty concerns the set of decision variables. The set of tasks to
plan is indeed not fixed. Furthermore, there is an intermediary step between prediction and decision consisting
in transforming the failure predictions into predictive tasks. This paper proposes a model integrating prediction
and optimization to serve a decision-aid tool for farm operators. The integrated model is original and integrates
a function of regret over the decision as the score for the hyperparameters selection of the machine learning
model. Experiments are carried out based on data from industrial partners, namely wind and solar production
assets operators, and show that, on the tested instances, a predictive maintenance model allows to avoid curative
maintenance. Furthermore, the proposed integrated model reduces over-maintenance over a sequential model.
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Optimizing interconnected hydro-thermal systems raises two structural difficulties, in particular with multi-reservoir
prospective studies led by RTE [1]. First, dealing with the uncertainties requires a multi-stage stochastic opti-
mization formulation. Second, spatial coupling through interconnections prevents each node from being treated
independently. Classical algorithms such as Stochastic Dynamic Programming (SDP) rapidly face the curse of
dimensionality when the numbers of reservoirs to optimize rise [2]. Price decomposition schemes such as Dual Ap-
proximate Dynamic Programming (DADP) decouple the problem spatially, resulting in a non-smooth dual problem.
Existing works solve it either with subgradient ascent, whose convergence requires diminishing step-size rules and
is slow in practice, or with L-BFGS, whose guarantees assume differentiability and therefore do not apply here [3].
Moreover, its convergence analysis relies on convexity, which in practice is obtained by assuming linear reservoir
dynamics, a modeling approximation we aim to relax. In order to tackle these issues, a new framework is presented,
based on the Alternating Direction Method of Multipliers (ADMM) [4]. This framework enables convergence in
linear and non-linear cases. Unlike the DADP framework, which implements deterministic price decomposition
processes, we aim to implement stochastic dual multipliers, which are assumed to follow a Markovian process. The
dynamic of the dual multiplier is learned through the process [5]. Results obtained are compared to exact reference
obtained with SDP and approximated result obtained with DADP. This work paves the way to optimizing multi-
reservoir systems in a disaggregated fashion, which represents a significant achievement for transmission system
operators such as RTE.
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We study the joint design of a time-of-use (ToU) tariff (the partition of the day into pricing blocks and the price
level attached to each block) by a profit-maximizing electricity retailer facing flexible clients who may refuse the
offer in favour of an outside option. The problem is modeled as a bilevel program in which each client, at the lower
level, reshapes its consumption under pointwise bounds and a fixed daily energy total, and simultaneously chooses
a participa- tion level penalized by a quadratic regularizer. We prove the client’s best response is computable
in loglinear time. We derive two equivalent single-level reformulations: a closed-form continuous one tackled via
stochastic gradient ascent (using a continuous reparametrization of block start times and durations) and a mixed-
integer nonlinear program solved via dedicated solvers. The stochastic ascent scheme provides Clarke-critical
accumulation points almost surely, in a scalable way. On a case study from the French retail electricity market
with 5000 simulated households, the gradient method matches a commercial mixed-integer solver on the pointwise
problem to within 0.3% of the optimal profit while running two to eight times faster on 100 representative clients.
Restricting unconstrained pointwise prices to admissible ToU schedules yields an esti- mated profit loss of 1.3%-
13.8% for two-period tariffs and 0.6%-6.6% for three-period tariffs on the instances considered.

45



PGMODAYS 2026 Invited and contributed talks

Session 15E: Algorithms 2.0 : advances in computational methods Room: Antoine Lavoisier (A1.122) ‘

A New Bi-Objective View of Bundle Methods

Enrico Calandrini', Antonio Frangioni?

!Department of Energy, Systems, Territory and Construction Engineering,
University of Pisa, Italy, e.calandrini@studenti.unipi.it
2Department of Computer Science, University of Pisa, Italy,
antonio.frangioni@unipi.it

Keywords: nonsmooth convex optimization; bundle methods; bi-objective optimization; merit function

We propose a new perspective on bundle methods that, rather than relying on the classical combination of a cutting-
plane lower model and a stabilization mechanism [4, 5, 3], models the objective simultaneously from below and
above. In this framework, a lower model fB and an upper model fP jointly define the bi-objective problem minx (
fB(x), fP (x) ) , which provides the master-problem formulation of the method. We show that, through appropriate
choices of the two models, classical stabilization techniques - including proximal, level, and trust-region methods
[5, 6, 8] - can be interpreted as different rules for selecting points on the same Pareto frontier generated by (fB, {P
). In the polyhedral setting, this viewpoint connects naturally with the framework of Bertsekas and Yu [1], where
outer and inner linearizations play roles analogous to our lower and upper models, respectively. A merit function
is then introduced to measure both model agreement and approximate optimality. Rather than prescribing the
serious/null decision and the aggregation of cutting planes externally, we determine them by directly minimizing
this merit function. In a two-point aggregation scheme, this leads to an explicit update: the center decision
emerges as a binary outcome of merit minimization, while the optimal cut-aggregation parameter is obtained in
closed form. Numerical experiments indicate that the resulting Upper—Lower Model Bundle Method is competitive
with the classical proximal bundle method and that the associated model gap provides an effective proxy for true
accuracy. We also prove convergence under the actual merit-minimizing update rule and establish an O(1/e2)
complexity bound for the associated optimality certificate. We then show that, by combining bundle refinement
with a relativeaccuracy serious/null step mechanism and a proximal-distance argument, the framework recovers
the optimal O((LD/e)2) nonsmooth first-order complexity bound for true objective accuracy [7, 2].
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Bundle methods are a versatile framework for nonsmooth convex optimization, particularly for structured problems
arising from decomposition and Lagrangian relaxation [3]. However, their effectiveness relies on how implementa-
tions exploit problem structure, manage accumulated information, and interface with master-problem solvers [4, 1].
We present BundleSolver 2.0 [2], a general-purpose implementation of generalized bundle methods for nonsmooth
convex optimization within the SMS++ framework [6]. Although the solver does not require a decomposable objec-
tive, SMS++ naturally supports structured problems and motivates a specialized treatment of objectives expressed
as sums of components. In this setting, components that are sufficiently “easy” can be represented exactly in the
master problem [5], while each remaining component is approximated independently through a cutting-plane model
constructed from first-order oracle information. A central design principle of BundleSolver 2.0 is the separation
between the bundle algorithm, the representation of the master problem, and its numerical solution [2]. A ded-
icated master-problem component encapsulates the cuttingplane models and stabilization terms, while numerical
optimization is delegated to solvers through the modeling infrastructure provided by SMS++ [6]. This architec-
ture supports both primal and dual master formulations within a unified framework and accommodates proximal,
level, and doubly stabilized bundle variants [2]. We discuss key implementation choices, including incremental
master-problem updates [7, 2], linearization management and aggregation, sparse componentvariable dependen-
cies, and efficient handling of problem modifications [2]. The goal is to combine flexibility and maintainability with
computational efficiency, while supporting experimentation with alternative master formulations and stabilization
strategies.

Finally, we present preliminary numerical results on selected applications, illustrating the computational effective-
ness of the proposed implementation and the impact of different design choices on the behavior and performance
of the solver.
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This talk is part of the invited session Modelling supply chains in Mathematical Programming: flow and economics
(organizer: Leo Liberti)

Supply-chain optimization has generated a very large literature, but most mathematical models focus on a specific
combination of decisions rather than on a unified representation of the complete system [1]. These approaches
considerably extend classical supply-chain models. Some authors explicitly introduce the term generalized supply
chain. However, “generalize” does not necessarily have the same meaning across the literature. In many cases,
generalization concerns the topology of the network, the type of facilities considered, or the integration of several
predefined decisions. The underlying production structure generally remains applicationdependent [2]. The ap-
proach investigated here adopts a different perspective. We seek to develop a formulation in which transportation,
storage and arbitrary transformations of commodities are primitive mathematical operations. A transformation is
not restricted to a predefined manufacturing process or to a mixture of materials: a commodity h entering a plant
may generate another commodity k, possibly with a yield different from one and with an associated processing
time. This unified framework provides a basis for modeling a broad range of integrated supplychain systems and
may facilitate future extensions incorporating additional operational decisions and application-specific constraints
representing production, assembly, conversion, dismantling or disposal through the same mathematical object. We
present a mathematical programming formulation for this object and some extensions which allow modeling well-
known supply chain problems such as multicommodity flow, blending problem, scheduling, etc.
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Mathematical optimization has been used to model several parts of the supply chain, from production and inventory
to transportation, reverse flows and environmental or operational constraints. Some models already combine several
of these dimensions [2, 4].

However, even relatively generic formulation often remain tied to a predefined network structure [2]. We instead
investigate whether different supply-chain structures can be represented through the same set of mathematical
primitives, without redefining the formulation for each industrial configuration.

Our formulation builds on the transformation-flow concept introduced in [3]. The physical supply chain is de-
scribed through transportation, storage and commodity transformation. We derive a compact formulation and an
equivalent state-expanded network representation, whose structure can be exploited through a decomposition of
the problem.

In this presentation, we focus on how this formulation can be extended from the physical description of the supply
chain to its economic and industrial operation. We therefore introduce a set of operational mechanisms which are
combined within a economic objective based on the value generated by the supply chain and the costs associated
with its operation [1].

We then study whether introducing these mechanisms changes the mathematical structure identified in the original
formulation. Several mechanisms can be incorporated while preserving the main structure of the formulation,
whereas others introduce additional coupling or integer decisions and require a different treatment.
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We consider an optimal trading problem under a market impact model with endogenous market resistance generated
by a sophisticated trader who (partially) detects metaorders and trades against them to exploit price overreactions
induced by the order flow. The model features a concave transient impact driven by a power-law propagator with
a resistance term responding to the trader’s rate via a fixed-point equation involving a general resistance function.
We derive a (non)linear stochastic Fredholm equation as the first-order optimality condition satisfied by optimal
trading strategies. Existence and uniqueness of the optimal control are established when the resistance function is
linear, and an existence result is obtained when it is strictly convex using coercivity and weak lower semicontinuity
of the associated profit-and-loss functional. We also propose an iterative scheme to solve the nonlinear stochastic
Fredholm equation and prove an exponential convergence rate. Numerical experiments confirm this behavior
and illustrate optimal round-trip strategies under “buy” signals with various decay profiles and different market
resistance specifications.
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This work proposes to use the spectral properties of the graph Laplacian matrix to balance load and optimize
power flows in transmission lines. We develop two models: a quadratic formulation that minimizes the squared
norm of line flows, solved efficiently through KarushKuhn-Tucker (KKT) conditions, and a linear formulation
that directly minimizes the maximum line power across the entire system, promoting more balanced line loading.
Computational experiments on Pandapower-adapted benchmark networks, including a large-scale 2848-bus system,
demonstrate reductions of up to 39% in maximum line power, along with significant computational efficiency gains.
The linear formulation can be naturally extended to incorporate realistic operational constraints, including line
capacity limits, generation bounds, and phase angle restrictions. These results highlight the potential of spectral
methods as an effective tool for enhancing load balancing, operational security, and resilience in modern power
transmission networks.
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This is an invited talk in the session ”black-box optimization”.

SPDNets are neural networks whose inputs lie on the manifold of symmetric positive definite matrices. Those
networks are particularly useful on Brain-Computer Interface (BCI) tasks. However, they can be fooled by adver-
sarial attacks based on Riemannian projected gradient descent, though designing such attacks requires complete, or
white-box, access to the network. In this talk, we propose adversarial attacks on SPDNets assuming that the net-
work is only available in a black-box fashion. Our attacks are based on direct-search and gradient-free algorithms,
and, we leverage recent advances in Riemannian black-box optimization to tailor these methods to the Riemannian
setting. Our experiments on BCI data show that our methods successfully fool the networks.
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This abstract is submitted as part of the session "Recents advances in mean field control and mean field games”
organised by Pierre Lavigne

In this talk based on an article in preparation [3], we are interested in two learning procedures and their relation
to the formation of mean field games (MFGs) equilibria.

The first part is dedicated to the presentation of new results on the fictitious play. Namely, we explore a learning
procedure on the controls of players, compared to [1] in which players learn the distribution of the system directly.
We prove that this new procedure converges for a class of mean field games of controls (which is to say coefficients
depends not only on the distribution of players but also on that of their controls), and possibly with common noise.
Besides its interest to explain the formation of mean field games in iterated games, this procedure also suggest a
possible alternative approach to learning in MFGs [2, 4].

In the second part, we are concerned with mean field control problems. For such problems, we investigate gradient
descent on the space of controls. Under quite general assumptions this gradient descent converges to a mean field
game equilibrium, for the associated potential game. This procedure has an interpretation in the formation of
MFGs from the optimization problem of a principal agent, moreover it also leads to the presentation of a simple
iterative scheme converging to a mean field games equilibrium.
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In this talk, we discuss how to produce a numerical interval which contains (or approximately contains) the price of
an European option under the Uncertain Volatility Model (UVM). The pricing function, in such models, is solution
to a fully non-linear Hamilton-Jacobi-Bellman equation. We first present a numerical method based on stochastic
policy gradients for approximating the option price. By construction, this approach provides a lower bound on
the true price. For industrial applications, however, this can be unsatisfactory. We therefore construct an upper
bound that can also be approximated numerically to provide a computable certificate on the pricing error. The
construction is based on PDE residuals and can be interpreted as an a posteriori error estimate.
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We present the first rigorous analysis of decentralized geometric routing in Geometric Inhomogeneous Random
Graphs (GIRGs), a model of scale-free networks combining geometry with heterogeneous vertex degrees. Geometric
routing is a weight-agnostic variant of the greedy routing protocol. While greedy routing in GIRGs is known to
explain the algorithmic small-world phenomenon by finding ultra-short paths of length ©(log log n) [1], it assumes
additional knowledge of vertex weights beyond geometry, an assumption that is often restrictive or unavailable.
We investigate whether the underlying geometry alone is sufficient for efficient navigation. We prove that, for
power-law weight exponent 7 €(2, 3) and geometric decay parameter a > 7 —1, geometric routing succeeds with
constant probability and finds ultra-short paths of length ©(log log n), matching the optimal asymptotic guarantees
for greedy routing. Our analysis further reveals that, upon success, both protocols follow a similar two-phase
trajectory, consisting of a rapid ascent to the heavy vertices, followed by efficient navigation to the target. These
results demonstrate that, in the appropriate regime, the network’s geometry alone implicitly guides the path to
the target through its high-weight core.
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We present ProbLiM (Probabilistic Linear Minimization), an open-source Julia toolbox for linear problems involving
joint affine chance constraints under elliptically symmetric uncertainty. At its core is a spherical-radial oracle
for estimating the joint probability and its gradient under several elliptically symmetric distributions. ProbLiM
integrates this oracle with three specialized optimization methods, referred to as the Proximal, Feasible, and Penalty
methods, through a unified computational interface. ProbLiM also provides interfaces to a level bundle method and
IPOPT, offering alternative approaches for solving the considered problems. We describe the main components
of ProbLiM, discuss practical aspects of their implementation, and illustrate its use on several linear problems
with joint affine chance constraints. The numerical results highlight the computational efficiency, robustness, and
flexibility of the three specialized methods across the considered problem classes.
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We analyze the constant step size subgradient method on nonsmooth, nonconvex functions. We identify geometric
assumptions on the objective function under which i) its domain admits a partition (stratification) into smooth
manifolds (strata) on which the function is smooth; ii) a global projection formula for Clarke subgradients holds;
and iii) quantitative curvature bounds hold on each stratum. Under these conditions, we prove that the iterates of
the subgradient method locally shadow a Riemannian gradient descent on nearby strata, which we use to measure
stationarity. We introduce a selection rule for the active stratum and develop a mechanism that assembles local
descent inequalities across successive strata into explicit convergence rates. These rates are expressed in terms of
the number of dimensions present in the stratification, improve as the number of strata decreases, and recover, up to
constants, the classical rates in the smooth case. We show that the stated assumptions follow from the existence of
Lipschitz stratifications of semialgebraic sets, and are therefore automatically satisfied for semialgebraic functions
and, more generally, for functions definable in polynomially bounded o-minimal structures—yielding the first
known convergence rates in these settings. As intermediate results of independent interest, we establish tubular
neighborhood estimates for Lipschitz stratifications and a global projection formula for Clarke subgradients. Finally,
we show that our framework extends to decreasing step size and recovers, via an alternative argument, the recently
announced result of Lai and Song on sequential convergence of the subgradient method with step sizes 1/k.
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We develop deep learning-based approximation methods for fully nonlinear second-order PDEs on separable Hilbert
spaces, such as HJB equations for infinite-dimensional control, by parameterizing solutions via Hilbert—Galerkin
Neural Operators (HGNOs). We prove the first Universal Approximation Theorems (UATs) which are sufficiently
powerful to address these problems, based on novel topologies for Hessian terms and corresponding novel continuity
assumptions on the fully nonlinear operator. These topologies are non-sequential and non-metrizable, making the
problem delicate. In particular, we prove UATs for functions on Hilbert spaces, together with their Fréchet
derivatives up to second order, and for unbounded operators applied to the first derivative, ensuring that HGNOs
are able to approximate all the PDE terms. For control problems, we further prove UATs for optimal feedback
controls in terms of our approximating value function HGNO. We develop numerical training methods, which
we call Deep Hilbert—Galerkin and Hilbert Actor-Critic (reinforcement learning) Methods, for these problems by
minimizing the Li( fr)-norm of the residual of the PDE on the whole Hilbert space, not just a projected PDE to
finite dimensions. This is the first paper to propose such an approach. The models considered arise in many
applied sciences, such as functional differential equations in physics and Kolmogorov and HJB PDEs related to
controlled PDEs; SPDEs, path-dependent systems, partially observed stochastic systems, and mean-field SDEs.
We numerically solve examples of Kolmogorov and HJB PDEs related to the optimal control of deterministic and
stochastic heat and Burgers’ equations, demonstrating the promise of our deep learning-based approach.
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We investigate stochastic simple bilevel optimization with smooth and possibly nonconvex upperand lower-level
objectives. Existing stochastic extensions of dynamic barrier gradient descent (DBGD) [2] either obtain fast
convergence under an unverifiable trajectory-dependent “rarevisit” assumption, or remove this assumption at a
substantially higher oracle cost [1]. We show that a simple denominator-only regularization of the DBGD mul-
tiplier eliminates the need for such an assumption while preserving fast convergence rates [3]. Specifically, our
method achieves (g, €)-stationarity in O(£—2) iterations using O(e—4) upper-level and O(e—7) lower-level stochas-
tic gradients, which improves upon the best assumption-free complexities.
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We study the dynamic replenishment problem of a single store facing stochastic demand under production quotas.
At each period, the store chooses the replenishment quantities of multiple items subject to shared quotas, coupling
decisions across the catalog. Demand is endogenous: the available assortment depends on past replenishment
decisions and, in turn, influences future demand. The resulting Markov Decision Process has combinatorial state
and action spaces and endogenous uncertainty, making dynamic programming intractable. On the other hand, the
Sample Average Approximation (SAA) of the corresponding multi-stage stochastic program does not scale with
the number of items, limiting its applicability to large catalogs.

We leverage recent advances in contextual stochastic optimization, which learn policies composed of a statistical
model followed by a combinatorial optimization layer [1, 2]. The model predicts parameters for the objective of a
mixed-integer program, leveraging its structure to learn high-quality and feasible decisions.

We therefore design a combinatorial optimization layer for dynamic replenishment and show that appropriate
parameter choices recover many classical inventory policies, including basestock and (s, S) policies and their peri-
odic and capped variants, the capacitated multi-item newsvendor, and constrained assortment optimization under
a multinomial logit choice model. We train this policy by extending the primal-dual algorithm for contextual
stochastic combinatorial optimization of Bouvier et al. (2026) [3] to the multi-stage setting. Numerical exper-
iments on both academic instances and industrial data from a car manufacturer show that the learned policy
achieves performance comparable to SAA while requiring four orders of magnitude less computing time. It also
outperforms state-of-the-art inventory management baselines.
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Enedis, as the French main DSO, can be severely affected by storms and other extreme weather conditions. In
particular, the medium-voltage (MV) network located in wooded areas is prone to be affected by vegetation-related
incidents, which may lead to long outages and significant numbers of customers without supply. This paper presents
an Operations Research framework developed to transform a national resilience objective into an executable multi-
year investment programme. For each MV feeder, all possible electrical networks are generated, including existing
electrical assets and feasible underground routes along roads. These networks are combined into weighted graphs.
Edge costs represent construction conditions, junctions, substation adaptations, asset removal, and exposure to
vegetation-related risks. Shortest-path based algorithms are used to generate network configurations that preserve
connectivity while exploring different trade-offs between investment cost and resilience. Each configuration is then
assessed in terms of cost and expected reliability. Since feeder-scale configurations cannot be implemented as single
construction operations, a graph-based decomposition identifies connected groups of assets that should be removed
and uses shortest-path computations to associate the required new sections and substation adaptations. This pro-
duces operationally independent projects that preserve the required reliability when other projects are postponed.
Each project is characterized by geographical scope, construction actions, investment cost, avoided risk, and reli-
ability benefit. Projects are then selected and scheduled over several years using a budget-constrained knapsack
model that maximizes resilience and reliability benefits within annual regional budgets. Project dependencies and
shared construction costs are accounted for to produce a consistent multi-year investment plan. Applied to main-
land France, this framework generated thousands of projects, with scenarios reducing vegetation-related exposure
by more than 70 %, removing approximately 140,000 km of overhead lines, and improving estimated network reli-
ability by 5 10 %. The approach combines network design, Steiner-tree approximation, project decomposition, and
multi-period knapsack optimization into an end-to-end decision-support method linking strategic resilience targets
to implementable construction programmes.
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We study the Nuclear Outage Planning Problem (NOPP). This problem consists of finding a minimum-cost refu-
elling outage plan for a fleet of nuclear power plants over a multi-year horizon. Refuelling outages are one of the
most complicated phases of a plant’s operating cycle [1], requiring thousands of activities to be scheduled within a
tight window. Furthermore, these outages are prone to extensions of uncertain duration. An outage that overruns
shifts the start of the following production phase, and alters the unit’s fuel depletion trajectory. This in turn
may raise the cost of meeting demand, delay the outages of other units that share the same resources, or in the
worst case leave the fleet without a feasible plan. We propose a two-stage stochastic mixed-integer formulation
to decide when to schedule the outages. The first stage selects, for each unit, a path through a transition graph
encoding all feasible multi-cycle operational plans [2]. The second stage adapts production dispatch, fuel level and
production mode (full power, modulation, or a mandated decreasing power profile) to the realised outage dura-
tions in each scenario used to capture uncertainty. Our numerical experiments use the full 58-unit French fleet,
with fleet parameters and historical outage durations supplied by EDF and demand taken from RTE’s eCO2mix
database. The value of the stochastic formulation comes from infeasibility rather than cost. We observe that the
generation cost is almost invariant across feasible schedules because the merit order and the reserve margin fix
each technology’s contribution to demand before any optimisation takes place. What changes instead is whether a
feasible schedule exists at all. Feasible schedules of the deterministic instance are found to be infeasible as soon as
any duration uncertainty is introduced. This is due to the limit on how many units can be in outage simultaneously
being breached. The mechanism used for sampling scenarios determines the frequency and severity of infeasibility.
Comonotonic sampling, in which either all outages run as planned, or all overrun by the same percentile, produces
infeasibility at the majority of sites but only under extreme realisations. Independent sampling produces infeasibil-
ity in the majority of realisations, but only at a few sites. Under both mechanisms the stochastic plan violates the
site limits substantially less often than the deterministic one. A limitation of the present numerical experiments
is the planning horizon. The computational complexity grows linearly with the scenario count and quadratically
with the horizon length. Over a single year most units undergo only one outage, so the propagation of an overrun
into a unit’s subsequent production cycle is not observed. Capturing this requires a horizon of at least two cycles
per unit, and therefore decomposition.
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Large-scale infrastructures, such as communication networks, energy systems, and computing platforms, increas-
ingly rely on joint investments by independent stakeholders. Such arrangements enable stakeholders to share
deployment and maintenance costs while remaining competitors in the subsequent use of the infrastructure. This
creates a coupling between infrastructure investment, resource allocation, and coalition formation: the benefit of
forming a coalition depends on both the infrastructure it can jointly finance and the resulting resource allocation.
We develop a market-based framework to jointly model these interactions. Stakeholders form co-investment coali-
tions and pool their budgets to finance infrastructure capacity, which is subsequently allocated among coalition
members through a Fisher-market mechanism. Unlike classical Fisher markets with fixed supply, infrastructure
capacity is endogenous and determined by the coalition’s aggregate investment and production cost. We further
allow for allocation externalities, where a stakeholder’s utility may depend on both its own allocation and those
of other stakeholders, capturing cooperation in infrastructure investment alongside competition in resource utiliza-
tion. For a fixed coalition structure, we introduce a Partition-Induced Fisher Market Equilibrium (PIFME), which
jointly determines infrastructure production, resource allocation, and coalitionspecific prices. We characterize this
equilibrium through a variational inequality (VI), where the multipliers associated with capacity constraints recover
the equilibrium prices. To study the stability of co-investment structures, we associate each coalition structure with
its market equilibrium and formulate a partition-function-form game. Stability is analyzed through the recursive
core, which accounts for coalition deviations and the subsequent reorganization of the remaining stakeholders.
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Microgrid energy management is a sequential decision-making problem under uncertainty, where photovoltaic
generation and electricity demand are stochastic. Model Predictive Control (MPC) is a widely adopted approach
where future net load is first forecasted, typically using machine learning models trained with symmetric losses
such as Mean Squared Error (MSE), and then used in a deterministic optimization problem. However, prediction
accuracy is not necessarily aligned with operational performance when electricity tariffs induce asymmetric costs.
Decision-Focused Learning (DFL) addresses this limitation by training predictive models directly with respect to
the downstream optimization objective.

In this work, we compare Predict-then-Optimize (PtO) and direct-policy learning approaches for microgrid control
on the EMSx benchmark dataset. We evaluate four learning-based controllers grouped in two families. The
PtO family includes conventional MPC trained with a forecasting loss and Decision-Focused Forecasting (DFF),
which optimizes forecasting models end-to-end through a differentiable optimization layer. The direct-policy family
includes imitation learning of anticipative controller and Learning to Optimize (L20), which learns battery control
actions directly from operating costs through a differentiable projection layer that reconstructs feasibility. We also
investigate a recent soft-radial projection mechanism that provides a differentiable closed-form projection onto the
battery feasibility set, enabling solver-free training.

Experiments across multiple electricity tariffs show that decision-focused approaches consistently outperform
prediction-focused baselines in terms of operating cost. The improvements are particularly significant under tariffs
that strongly penalize grid imports. Among the bestperforming methods, 120 combined with soft-radial projec-
tion achieves the most competitive operating costs while requiring the lowest training and inference times. These
results demonstrate the potential of decision-focused learning as an efficient and scalable alternative for practical
microgrid energy management.
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Many optimization and game models evolve in heterogeneous random environments. A natural question is whether,
at large space and time scales, microscopic randomness averages out and gives rise to a deterministic effective
dynamics. For Hamilton—Jacobi equations, this is the problem of stochastic homogenization, initiated by Lions,
Papanicolaou and Varadhan [1]. T will discuss a game-theoretic approach to this question. Via the representation of
Hamilton— Jacobi equations as values of zero-sum differential games, homogenization can be viewed as a long-run
problem for a game played in a random medium. Our main result [4] establishes homogenization for a class of
first-order equations with nonconvex and noncoercive Hamiltonians in environments with finite-range dependence,
and provides quantitative convergence estimates. The proof works directly with the game and combines geometric
control of trajectories, concentration and approximate subadditivity. It is inspired by the metric/eikonal approach
of Armstrong and Cardaliaguet [2] and by the work of Feldman and Souganidis [3]; the probabilistic arguments are
close in spirit to techniques from first-passage percolation.
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France aims to deploy 45 GW of offshore wind capacity by 2050. The French Transmission System Operator
(TSO) is responsible for both building and maintaining the offshore substations that connect these wind farms to
the grid, and must pay substantial penalties to producers whenever a substation is partially shut down. Because
maintenance costs account for a large share of a substation’s lifetime cost, estimating them accurately is essential
for investment decisions, such as substation design, that must be made well before the substation enters service.
This requires optimizing maintenance operations and evaluating their cost. We model the maintenance of such a
substation as a decomposable Markov Decision Process (D-MDP) [1], in which each piece of equipment (transformer,
converter, cooling system, etc.) is a subsystem with its own degradation state. While the dynamics decompose
across components, maintenance decisions do not: feasible maintenance schedules must satisfy shared operational
constraints, such as technician availability and HR rules, while penalties depend on maintenance and degradation
across the whole substation. We therefore represent a maintenance schedule as a joint combinatorial action with
a non-additive cost. This creates two sources of complexity: the joint state space grows exponentially with the
number of components, while the number of feasible joint actions is itself too large to enumerate explicitly. We
introduce a fluid linear programming approximation of the MDP that exploits the local structure of the dynamics:
each component’s evolution depends only on whether it is maintained, while the joint action retains the operational
constraints and joint cost. The resulting relaxation avoids the full joint state space but still contains a very large
number of action variables, which we handle using column generation. We then derive tighter relaxations by
tracking the states and actions of groups of components. Numerical experiments study the trade-off between
computational effort and accuracy and demonstrate the performance of the approach. The methodology applies
more generally to D-MDPs with decomposable dynamics but joint combinatorial actions and costs.
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In this talk, we demonstrate that an infinite dimensional multiplicative common noise has regularizing properties
for mean field games (MFGs) and mean field control (MFC) problems. More precisely, in the case of MFGs, we
show without relying on classical monotonicity conditions that the master field U(t,x,m) and its x-derivatives are
Lipschitz continuous in the measure argument. As a corollary, in the case of MFC problems, we show that the
value function is Lions differentiable which allows us to construct optimal feedback controls. Our proof strategy is
based on Girsanov’s theorem and a regularity result for backward stochastic Hamilton-Jacobi-Bellman equations.
This talk is based on ongoing joint work with F. Delarue.

References F. Delarue, L. Wessels, Regularization by Common Noise for Mean Field Games and Mean Field Control,
Work in progress.
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This work studies adversarial sonar placement for maritime surveillance on discrete hexagonal grids: given a fixed
number of sonars, the objective is to maximize the minimum detection cost of an evading submarine that optimally
plans a path to a fixed goal. In general, bilevel problems are computationally demanding because they nest a planner
inside the decision model and typically lack exact baselines for comparison. However, when the inner problem is a
shortest path LP on a graph, the graph incidence matrix is totally unimodular and the follower’s problem admits
an exact, efficiently solvable LP formulation. This setting provides a provable benchmark for evaluating surrogate
approaches. Building on this benchmark, we train compact ReLLU surrogates to predict shortest path costs from
sensor placement configurations and exploit their piecewise-linearity to embed trained networks exactly into single-
level mixed-integer linear programs. Computational experiments show that the resulting surrogate-based MILPs
can be solved to obtain robust sensor placements.

We further extend the problem to a setting in which one of the sonars is initially unknown to the evader and its
location is revealed when the evader approaches it, allowing the evader to adapt its remaining path. The same
surrogate-based pipeline can be used, but the MILP formulation must account for the additional information-
dependent decisions. Although an exact formulation can be constructed, solving the extended problem becomes
computationally prohibitive at the considered instance sizes. This motivates the development of tractable surrogate-
based formulations for the extended adversarial sonar placement problem.
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Califrais, the digital operator of the Rungis wholesale market, must nightly collect ("ramasse”) ordered goods
across market pavilions before delivery trucks depart. We formalize the ramasse as a parallel-machine batch
scheduling problem with family setup times, aiming to minimize either maximum delivery completion time or
(weighted) average delivery completion time. We establish NP-hardness via reductions to classical scheduling
problems, derive structural properties of optimal solutions, lower bounds, and both compact and extended MILP
formulations. We then design and compare several solution methods: greedy heuristics with local search, a MILP
rounding heuristic with proven approximation guarantees, and a column-generation algorithm on a vehicle-based
formulation. Experiments on real Califrais data show column generation achieves solutions of close quality to MILP-
based methods at a lower computational cost. We conclude with perspectives on integrating ramasse scheduling
with downstream delivery routing.
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Classical Backward Stochastic Differential Equations (BSDEs) theory provides an elegant probabilistic representa-
tion of stochastic control problems and their associated PDEs. However, this correspondence breaks down in the
mean field (McKean-Vlasov) setting, where the law of the state process enters the dynamics intrinsically, rendering
the standard framework inadequate. We discuss a notion of BSDE on the Wasserstein space of probability mea-
sures, called a W— BSDE, whose solutions are intrinsically measure-dependent, and its connections with mean field
control problems, mean field games, and PDEs on the Wasserstein space. In particular, this provides a probabilis-
tic counterpart to analytic approaches based on the master equation. We finally present a well-posedness result
for this class of equations. The key point is that the whole problem can be transferred to a single characteristic
equation: whenever the latter admits a solution, both components of the W-BSDE can be reconstructed from it.
This talk is based on a joint work with Mao Fabrice Djete.
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Besides domination-based algorithms such as the NSGA-II, the decomposition-based MOEA /D is one of the most
popular and successful optimization heuristic for multi-objective problems. It decomposes the problem into several,
single-objective subproblems. By solving these in a co-evolutionary manner and archiving non-dominated solutions,
it approximates or computes the Pareto front. Interestingly, so far no advantages from the co-evolutionary commu-
nication of subproblem solutions were proven. In this first mathematical runtime analysis addressing this research
question, we investigate how the mutation-based MOEA /D solves the classic OneMinMax benchmark when solu-
tions are exchanged among subproblems in different distances r. We show, for the first time, that the MOEA /D
profits from an exchange of solutions, and that already very small communication radii r are sufficient to maximally
profit from this feature of the algorithm. More precisely, for all values r >1 we prove a tight runtime guarantee of
©(n2), where n is the problem size. This is asymptotically faster than the known bound of O(n2 log n) guarantee
for r = 0, which we complement with a matching bound of Q(n2 log n).

This work is part of the PGMO-funded project From Mathematical Runtime Analyses to Better Evolutionary
Multi-Objective Optimizers (PI: Benjamin Doerr).
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The mathematical runtime analysis of multi-objective evolutionary algorithms has made huge progress in the last
years. Yet, most results regard bi-objective problems only. The few existing many-objective benchmarks are mostly
obtained by defining classic bi-objective benchmarks on disjoint sets of decision variables. This leads to specific
structural properties, among others, that only even numbers m of objectives can occur, and that the Pareto front
of such problems is an only m/2 dimensional object, whereas in most practical problems, m-objective problems
lead to m —1 dimensional Pareto fronts. In this talk, we propose an alternative way to construct many-objective
benchmarks from bi-objective ones. It overcomes the weaknesses of the previous construction but preserves the
property that the many-objective benchmark is a natural extension of the bi-objective one. Using techniques
similar to [1], we show that the runtime guarantees for the OneMinMax, LeadingOnesTrailingZeros (LOTZ) and
OneJumpZeroJumpk benchmarks in the classic construction also hold for our new construction. Because the new
construction has the same Pareto front dimension with fewer objectives, the size of the largest incomparable set
shrinks, leading to generally tighter bounds. For the LOTZ benchmark, in particular, this tightens the guarantee
from O*((n/m’ 4+ 1)2m”) to Ox((n/m’ + 1)m’+1), where n is the length of the bit string and m’

the number of blocks. No such bound is known for the classic construction. This work is part of the PGMO-funded
project From Mathematical Runtime Analyses to Better Evolutionary Multi-Objective Optimizers (PI: Benjamin
Doerr).
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This presentation proposes to study powers of graphs as robust structures. The first part aims at tackling
complexity-theoretic questions related to powers of subgraphs and the second focuses on integer programming
for solving related problems while keeping an eye on power of Hamiltonian cycles as a case study.

The k-th power Gk of a graph G = (V, E) is the graph obtained from G by adding edges between pairs of vertices at
distance at most k in G. Seeking a power of a given subgraph might provide a more robust solution than searching
for the subgraph itself: we first establish the robustness guarantee provided by the k-th power of a Hamiltonian
cycle in terms of edge deletion while deleting any edge in a Hamiltonian cycle yields a non-Hamiltonian graph.

Given an existence problem IT such as "Does the graph G contain a subgraph satisfying property P” for some fixed
property P, we consider its empowered variant IIR: "Does the graph G contain a subgraph H such that V/H exists
and satisfies property P”. While computing the power of a graph is doable in polynomial time, checking whether
V/G exists is NP-hard [3, 2]. Therefore, for some property P and encoding of H might not be a polynomially
checkable certificate [2] and therefore might be harder than checking P itself. However, checking whether /H
satisfies P and whether G contains H is as hard as checking P (when P is nontrivial). We formalize this idea
and show that IIR is no harder than IT in the polynomial hierarchy, making it compatible with other robustness
criteria. Based on the theory of SSP-reduction [1] we also establish ¥5-completeness of the problem of finding a
min-max-interval-regret-k-th-power of Hamiltonian cycle.

Finally, we present several integer linear programs for solving the problem of finding a minimum weight k-th
power of a Hamiltonian cycle. Moreover, we propose a dedicated formulation for the special case k = 2 and show
experimentally that it outperforms the generic formulations on TSPLIB instances. However, it is unclear how to
generalize it to other values of k. We show that its naive generalization already fails for k = 3.
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Ride-sharing (also known as carpooling) is an emblematic form of intermediate transport. Achieving a satisfactory
level of service raises several challenges, particularly that of incentivizing drivers to share their rides. Local
initiatives have emerged to support the development of this form of intermediate transport. This work aims to
provide methodological tools for public operators seeking to implement monetary incentives for drivers. It originates
from discussions with Ecov, a French mobility operator committed to solidarity-based transport. This problem
has received limited attention in the operations research literature. Existing studies address casual carpooling [1]
and dynamic pricing in large stochastic ride-sharing markets through asymptotic models [2]. Our setting instead
considers pre-planned driver trips, incentivedependent acceptance of waiting passengers, and a limited operator
budget. As a first step, we propose a streamlined model consisting of a single route with a unique origin—destination
pair. Passengers arrive according to an inhomogeneous Poisson process and are willing to wait for a seat for a
limited amount of time. Drivers planning to travel along the same route also arrive according to an inhomogeneous
Poisson process. Both arrival processes are assumed to be fixed and exogenous. Upon arrival, a driver accepts to
share the ride with a waiting passenger with a probability that increases with the incentive offered by the operator
at that time. We propose several heuristics for determining the incentive levels, mainly based on approximate
deterministic formulations of the problem. The simplest formulation, although potentially less efficient, leads
to interesting two-dimensional non-convex optimization problems that can nevertheless be solved using efficient
algorithms. A discrete-event simulator is currently being developed to compare and evaluate the different pricing
strategies. The objective is to determine when dynamic pricing can improve the number of passengers served
and when its effectiveness is limited by stochastic demand and supply, driver acceptance behavior, and budget
constraints.
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We investigate the explainability properties of the recently proposed linear-min-max neural networks [1]. At
initialization, they can be interpreted as k-medoids with the infinity norm as a distance [2, 3]. Then, they are trained
using subgradient descent to better fit the data [4]. The model has been shown to be a universal approximator [1].
Yet, we can trace the decision process because a single most activated neuron is responsible for the value of the
output. Using this property, we designed a pixel fragility measure [2] that determines whether changes to a single
pixel may be responsible for a change in the classification output. Experiments on the PneumoniaMNIST dataset
[5] show that this explanation for the output of the neural network compares favorably to SHAP [6] and Integrated
Gradients [7].
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Orthogonal synchronization is the problem of estimating orthogonal matrices from relative pairwise measurements.
This problem admits a convex semidefinite program as a relaxation, which is solvable in theory but not scalable in
practice. The Burer-Monteiro factorization of this convex program gives a more scalable alternative at the cost of
losing convexity. In practice however, local algorithms such as gradient descent find global optima of the non-convex
problem, which suggests that, in some case, the landscape is benign : all local minima are global minima. Recent
years has seen some results explaining why the landscape is benign, see [1, 2] for orthogonal synchronization and
[3, 4] for the particular case of synchronization on spheres.

The goal of this presentation is to understand why that is the case. More precisely, we transform the problem of
“explaining why there are no spurious local minima” into an optimization problem (P), the value of which we aim
to lower bound. We then discuss how to construct a family of manageable dual certificates for the dual of (P)
yielding benign landscape results.
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Orbital rendezvous [1] requires efficient maneuvers while ensuring collision avoidance throughout the trajectory
[2]. We consider this problem in the context of ONERA’s FlyLab mission, involving two nanosatellites in low
Earth orbit with different propulsion systems and limited communication capabilities. These constraints lead to
an open-loop relative guidance problem, which we formulate as an optimal control problem aiming to minimize
the fuel consumption of the chaser satellite and to reach a final configuration while satisfying several operational
constraints as well as a minimum safety distance constraint [3]. In this talk, we present the modeling of the problem
and introduce a simplified state-constrained formulation that allows us to analyze the structure and derive some
qualitative properties using the Pontryagin Maximum Principle (PMP) [4].
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Distributed generation turns households into prosumers, who sell their surplus to the grid at the feed-in tariff and
buy their deficit at the retail rate. A local energy community exists to recover the gap between the two, since any
exchange between neighbours at a price inside the band benefits both sides. Two questions follow. How to set the
price, and how to execute the mechanism while extending as little trust as possible to any party, including the
market operator (an entity the French framework makes mandatory). This talk presents the theoretical framework
that answers the first question and the proposed infrastructure that answers the second.

Theoretical framework. We develop an axiomatic theory of automated market makers (AMMs) for energy sharing
[1]. Each fifteen-minute session matches the aggregate supply and demand of the community at a price inside the
tariff band and settles the residual with the grid. The axioms (anonymous execution, budget balance, coalition-
proofness) single out linear payment functions whose prices decrease in the supply-to-demand ratio. Prosumers
optimise consumption, storage and trade in a dynamic game, which the AMM turns into a potential game: its
equilibrium coincides with the social planner’s optimum.

Proposed infrastructure. Blockchain and smart contracts are the natural executors to reduce that trust. But
the mechanism needs each household’s quarter-hourly net position, which reveals occupancy, and writing it to a
permanent ledger is hardly compatible with the GDPR. We present a settlement layer that runs the AMM on
a permissioned Hyperledger Besu network under QBFT consensus while publishing no individual position. The
operator publishes only community aggregates during the day and one cryptographic commitment per member at
midnight. Once a day, a zero-knowledge proof establishes that the hidden settlement is the one the public prices
imply, that no balance goes negative, and that money is conserved. On ten physically simulated dwellings with
real day-ahead prices, the community gains 8.1% relative to the grid-only regime and a day is proven in about five
seconds.
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Stabilizer theory defines another novel perspective on mixers. We propose to introduce the main definitions and
provide an application framework for this theory to design mixers describing potential solutions in the context
of constrained function minimization. Building upon the work of [1][2], we formalize an algorithmic description
of the theory to enable its practical application to optimization problems. The key advantage is to construct a
superposition restricted solely to quantum states satisfying the constraints, thereby achieving an efficient modeling.
We propose an iterative constraint- traversal method that iteratively generates the mixer space at each step.
Numerical examples are provided to model systems with 5 constraints.
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Multi-objective evolutionary algorithms (MOEAS) are among the most widely and successfully applied optimizers
for multi-objective problems. However, because the true Pareto front can be prohibitively large, it is necessary
to bound the population size while still computing a good approximation of the optimal trade-offs. MOEAs
frequently utilize grid-based box archiving, parameterized by a grid size §, to compute an additive e-approximation
of the Pareto front [LLY24]. Yet, standard archiving policies that strictly retain one individual per box, such as
the Global Diversity Evolutionary Multi-Objective Optimizer (GDEMO), suffer from a structural vulnerability.
Driven by the bias of standard mutation toward central solutions, unguided intra-box replacement fails to preserve
extreme solutions, preventing the algorithm from progressing into new boxes. This traps algorithms in exponential
runtime bottlenecks on boundary-critical pseudo-Boolean problems [HNO08]. To this end, we propose GDEMO-II,
a refined evolutionary archiver. It introduces a global filter that rejects a new offspring only if its targeted box is
strictly dominated by the combined population, and it abolishes the single-occupant restriction to explicitly retain
the local boundary extremes for each objective. Via mathematical runtime analysis, we prove an upper bound
on the population size that takes into account the range of the objective functions and the grid parameter §. For
bi-objective problems where objective values share the same asymptotic bound n, this guarantees a linear memory
complexity of 1 = O(n/d) Furthermore, we prove that GDEMO-II completely resolves the exponential delay of the
original GDEMO on the OneMinMax benchmark, computing a tight d-approximation in expected time O(n2 log
n/d). Finally, it efficiently discovers the Pareto front of the LOTZ benchmark in expected time O(n3/9).
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Polynomial optimization encompasses problems for which the objective function and constraints are encoded by
multivariate polynomials. In the general case, such problems may have multiple local minima and can be numeri-
cally challenging. Given a specific polynomial optimization problem (POP), the moment-SOS hierarchy introduces
a sequence of semi-definite programs whose values converge to the infimum of the POP [1]. This approach has
shown promising numerical performances, and technical conditions to enforce convergence in finitely many steps
of hierarchy were given in [2]. Yet, even when finite convergence holds, there still lacks a systematic understanding
of the amount of steps required for the hierarchy to converge. In this talk, we introduce a parametrized quadratic
univariate POP for which the momentSOS hierarchy always converges in finitely many iterations. Interestingly, the
number of steps required to achieve convergence can be arbitrarily large, as the parameter tends to a limit value
[3]. In the second part of the talk, we also discuss some examples of converging sparse momentSOS hierarchies
without the standard running intersection property.
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Day-ahead renewable nomination requires committing energy before both generation and settlement prices are
known. Wasserstein distributionally robust optimization (DRO) provides a natural framework for hedging against
uncertainty, especially when historical data are scarce. However, when both the power generation and settle-
ment prices are unknown, the objective function becomes nonconvex in the uncertainty. This makes the standard
tractable convex reformulation of Wasserstein DRO inapplicable directly. A common technique to restore tractabil-
ity consists in linearizing the loss at the cost of excessive conservatism, which we can address via an appropriate
McCormick relaxation. An alternative approach is to directly solve the original nonconvex problem. By exploiting
the low-dimensional structure induced by a box support and a weighted/, transportation cost, we prove that each
sample-wise separation problem attains its optimum on finitely many uncertainty states, yielding an exact finite
reformulation. Synthetic experiments show that distributional robustness matters when limited or highly variable
data misestimate marginal imbalance incentives. Experiments on actual French market data confirm that distri-
butionally robust methods can tame exposure to extreme imbalance episodes, at the cost of lower average profit.
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This talk discusses new results building on the publications [1] and [2], where probability functions have been
analyzed in the context of optimal control problems under uncertainty. We consider a linear parabolic partial
differential equation in which the control appears as a distributed source term and uncertainty acts in a structured
way on the right-hand side. The objective is find a control such that some outcome of the random state occurs
with maximal probability. The outcome can be enforced pointwise, for instance when requiring the state to
remain bounded at every point in time and space. This type of model offers a compromise between the robust
“lookback” problem and the problem of maximizing on average. Probability functions are attractive because of their
interpretability, but are generally nonsmooth and nonconvex. In the case of Gaussian-like noise, the properties of
the underlying control-to-state operator allow us to obtain a fully explicit formula for the Clarke subdifferential of
the probability function. The formula depends on certain solutions to an adjoint equation with measures appearing
in source terms. We also consider optimality conditions depending on solutions to a related adjoint equation in the
case of the lookback problem. These formulae are used to compute solutions in a numerical example.
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Machine learning applications may involve data distributed across multiple sources rather than collected at a central
location. In-network learning addresses this setting by deploying machine learning and data processing functions
within the network, closer to the data sources. Deciding where functions are placed, how they are chained from
sources to aggregators, and how the resulting flows are routed leads to a combinatorial optimization problem in
which chaining, assignment, and routing decisions are coupled. These decisions directly affect network energy
consumption, motivating the design of energy-efficient function placement and routing strategies. Building on
the Data Pipeline System framework of [1], we formulate this joint chaining, assignment, and routing problem
as a Quadratically Constrained Quadratic Program that minimizes energy consumption, subject to node and
link capacity constraints and end-to-end latency requirements. We prove NP-hardness by reduction from the
Uncapacitated Facility Location Problem. We derive families of valid inequalities and strengthening constraints
to tighten the formulation. We also investigate alternative formulations and decomposition approaches to improve
scalability on larger instances. Computational experiments on SNDIib topologies, with varying numbers of data
sources, quantify the impact of latency constraints on optimal energy consumption and assess the computational
performance of the proposed approaches. This work extends the model presented at INOC 2026 [2].
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Problem. Optimal pump scheduling in Drinking Water Distribution Networks (DWDNs) seeks the pump on/off
profile over a discrete horizon minimising energy cost subject to demand, tank level and pressure requirements.
The formulation is a Mixed-Integer Nonlinear Program: head losses follow the nonconvex Hazen Williams law,
pump curves are nonlinear, and binary scheduling variables are coupled across time by tank dynamics. Monolithic
solution is impractical beyond small benchmarks; the literature has responded either with simplified hydraulics,
which weakens feasibility guarantees, or with metaheuristics, which give no optimality information. Approach. We
study a decomposition-based framework that keeps the full hydraulic model and distributes the computational effort
instead of simplifying the physics. Graph partitioning is applied to the network topology to produce subnetworks
joined by a small set of boundary nodes; the intuition, which we test rather than assume, is that hydraulic coupling
concentrates on few links, so a good cut yields balanced and weakly coupled subproblems. The Alternating Direction
Method of Multipliers (ADMM) then acts as the coordination layer: each subnetwork solves its own MINLP and
consistency of heads and flows at the boundary nodes is enforced through the dual updates, with binary pump
variables handled inside the loop rather than relaxed away. Caveats. ADMM has no convergence guarantee on a
nonconvex mixed-integer problem, so the iterates are used as a heuristic: the output is post-processed into a feasible
schedule and assessed against reference solutions, and what we report is a measured gap, not a certified bound.
Performance is also sensitive to the partition number of parts, balance criterion, edge weighting and to the penalty
parameter p, with no single choice dominating across networks. Characterising which topological features make a
DWDN amenable to this decomposition is, in our view, the open question rather than a settled step. Experiments
and discussion. The framework is evaluated on benchmark networks of increasing size and topological complexity,
against the monolithic MINLP where tractable and against a non-partitioned baseline, reporting solution cost,
constraint violation after recovery, and wall-clock time, together with a sensitivity study over the number of
partitions and p. The talk focuses on where the decomposition helps, where it does not, and what the observed
failure modes reveal about the interaction between network structure and distributed optimisation. Directions
under investigation include partition selection informed by hydraulic rather than purely topological edge weights,
and warm-starting the subproblems across a rolling horizon.
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Online learning usually assumes that the action selected by a learner is also the action that is executed. In safety-
critical systems, protection mechanisms may instead invalidate part of a decision during execution, so that the
realized action, loss, and feedback differ from the initial plan. We study this execution mismatch in decentralized
electric-vehicle (EV) charging. Each EV selects a combinatorial charging schedule within a stochastic availability
window, while transformer-protection events may interrupt charging and force causal rescheduling to future feasible
slots. We introduce Causal Rescheduling Regret (CR-Regret), which compares the executed trajectory with the
best fixed causal deployment policy in hindsight. Our main result is a structural transfer theorem from adversarial
combinatorial semi-bandits to this execution-aware regret notion. If r, € {0,1}¢ denotes the interruption mask
and Fp= Zzﬂf 7]y, then for any admissible online initial-selection algorithm,

CR— Regret(T') < Regret(T) + E[Fy].

Hence, guarantees for the underlying combinatorial bandit learner transfer to the rescheduling problem with only an
additive execution-mismatch term, independently of the state-space size of the induced recourse MDP. Combining
this framework with SleepingCatBandit for stochastic decision sets and adversarial semibandit losses [1] yields
FTPL-Repair, with

O((mdT)?/3) + O(Fy)

CR-Regret, which is sublinear whenever F = o(T'). We evaluate the method in controlled experiments and in a
fleet-scale study using four years of photovoltaic-generation and electricity-consumption data. With 480 EVs, causal
rescheduling maintains 100% demand satisfaction. A safety-oriented FTPL-Repair variant reduces congestion by
more than 99% relative to immediate charging, with fewer than two disconnections per EV, while a lower-price
variant remains competitive with a centralized forecast-based optimizer. These results illustrate how executiontime
safety interventions can be incorporated into adversarial online optimization while preserving regret guarantees.
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A fixed-coefficient first-order method performing N gradient evaluations can be represented as

1
Thet =Tp = T > H, V() H e RNN,

k
=0

where H is a lower-triangular matrix. Recent works design optimal methods by numerically optimizing coefficients
in H [1, 2]. In this representation, computing an iterate may require storing all past gradients. However, many
methods, including standard accelerated methods, admit a much more compact recurrence that stores only a few
summaries of the past. In this work we focus on memory-r methods, where the r stored vectors are collected in a
state matrix S, € R¥" and updated linearly:

1
Ty = Ty — Z(Vf(f%)dk + Sy, So =0, Spi1 =S A, + V(x))by,

with 4, € R™", b, € RY", ¢, € R™! and d, € R for all k. We show that the minimum memory required
to implement the method described by H is r = max;rank Hy. x4 g1, and we give an algorithm to recover
(Ak7 bk” Cr» dk‘) from H.

The H-dual of a method, obtained by anti-transposing matrix H, was shown in some situations to transfer con-
vergence guarantees between different performance metrics [3, 4]. We show that taking the H-dual of a memory-r
method gives another memory-r method described by

H-dual ~ ~ _ ~
(Ak"bk’ck"dk> <— (Ak’bkﬁck’dk‘) = (A—](f—l—k’CJTV—l—k?bL—l—k’delfk) fOI“ all k.

Shu and Wang [4] recently considered the design of an optimized method for L-smooth p-strongly convex functions,
targeting the terminal distance relative to the initial gradient norm. For N =5 and ¢ = /L = 1/11, we show that
their numerically optimized method is memory-1, up to rounding errors. Reconstructing its compact recurrence
allows us to identify the coeflicients in closed form and extend the method to every N > 1 and ¢ € (0,1). We also
show that this new method satisfies

o L+ Va
o=l < 50— @MV SE] foral V21,
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This work extends the recently introduced Alpha-Procrustes family of Riemannian metrics for symmetric positive
definite (SPD) matrices by incorporating generalized versions of the Bures-Wasserstein (GBW), Log-Euclidean, and
Wasserstein distances. While the AlphaProcrustes framework has unified many classical metrics in both finite and
infinite dimensional settings, it previously lacked the structural components necessary to realize these generalized
forms. We introduce a formalism based on unitized Hilbert-Schmidt operators and an extended Mahalanobis
norm that allows the construction of robust, infinite dimensional generalizations of GBW and Log-Hilbert-Schmidt
distances. Our approach also incorporates a learnable regularization parameter that enhances geometric stability in
high dimensional comparisons. Preliminary experiments reproducing benchmarks from the literature demonstrate
the improved performance of our generalized metrics, particularly in scenarios involving comparisons between
datasets of varying dimension and scale. This work lays a theoretical and computational foundation for advancing
robust geometric methods in machine learning, statistical inference, and functional data analysis.
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Proton Exchange Membrane Fuel Cells (PEMFCs) are electrochemical systems that generate electrical energy
through the reaction between dihydrogen at anode and dioxygen at cathode. In these systems, dihydrogen (on
the anode side) and dioxygen (on the cathode side) flow through microchannels—defined by ribs—and diffuse
toward their respective catalytic areas, where the electrochemical reaction occurs. Uniform gas distribution across
these surfaces enhances power efficiency, optimizes catalyst utilization and/or limit ageing. In this work, we
address the topology optimization of the distribution ribs using a dehomogenization method [1], [2], [3], [4]. The
behavior of the gases within the fuel cell is modeled using two isotherm stationnary compressible Stokes systems
coupled through a non-linear reaction type boundary term and solved using finite element methods. The ribs
are represented as a periodic arrangement of squares, deformed by a diffeomorphism that locally modulates their
shape and orientation. We begin by asymptotically deriving a homogenized system, where fine geometric details are
embedded in the effective coefficients. The dependence on local dilation and orientation of the deformed periodic
medium is explicitly characterized. After an offline computation phase where effective coefficients are precomputed
for various values of spacing and orientation parameters of the ribs, an adjoint-based optimisation procedure is
applied to determine the optimal geometric arrangements of local rib spacing and orientation. Due to feasibility
constraints, ribs at cathode et anode must align correctly. To manage this constraint, established methods for
reconstructing ribs and fine channels require adaptation. .
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In order to preserve frequency stability, Transmission System Operators (TSOs) must maintain generation and
load balance at all time. To do this, they rely on reserves, often procured in advance, with varying activation
times — some activated automatically and others manually. Since the beginning of 20261 this obligation has been
extended to include all renewable energy facilities with an installed capacity above 10 MW. As a result, the french
Balancing Mechanism (Méchanisme d’Ajustement) receives a growing volume of offers, which real-time operators
increasingly struggle to fully exploit. Moreover, 300+ of these balancing entities are spread across multiple sites,
adding a further challenge to processing and analyzing the offers. The core is a branch-and-check decomposition
[1]: a master MILP selects and volumeallocates generation offers to meet a signed volume target at minimum cost.
Congestion management is enforced through DC load-flow checks that lazily generate linear feasibility cuts based
on Power Transfer Distribution Factors (PTDFs), an adaptively-scoped N-1 watchlist, and a final AC validation
of the retained operating point. Post-contingency line flows are reconstructed analytically from a single base-
case sensitivity computation using Line Outage Distribution Factors (LODF), avoiding a full sensitivity solve per
contingency; adaptive electrical neighborhoods, cut-edge exclusion, and low-impact pruning bound the monitored
perimeter, and post-incident temporary/permanent (TATL/PATL) loading limits are enforced. Congestion and
post-contingency analysis are done using PowSyBl library [2] The formulation is multi-horizon and can handle
several types of offers: a single dispatch decision is validated simultaneously across the current situation and
forecast horizons to ensure offers’ constraints, each with its own network snapshot, sensitivities and contingency
set, and supports both upward and downward offers through a unified signed-volume model with typed offer
structures (indivisible, prorated, stacked). The tool has been deployed as an interactive web application to be
tested by real-time operators. It returns least-cost redispatch, a per-offer / per-area breakdown ranked by marginal
price, forecast available margins per horizon, an itemized computation-time decomposition, and voltage-security
diagnostics. Results on a national-scale network highlight that security and precision must be traded against
computation time. Instead of an exhaustive N-1 analysis over all horizons, the method makes this trade-off
explicit through adaptive contingency scoping and perimeter reduction, keeping runtimes compatible with real-
time operation.

1Following the implementation of law n02025-391 of 30 April 2025 (DDADUE)(https://www legifrance.gouv.fr/jorf/id/JORF-
TEXT000051538879)
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Factored formulations of semidefinite programs are a popular approach to handle such instances at scale, even
though such reformulations worsen the problem conditioning. When the original semidefinite programs arise from
phase retrieval problems, additional ill-conditioning may also be present. As a result, first-order algorithms may
struggle to converge quickly towards a solution. In this talk, we consider nonconvex factored formulations of phase
retrieval semidefinite programs. Using a second-order Riemannian trust-region framework, we establish fast local
convergence of the method on a subclass of these problems. In practice, we observe that this fast convergence holds
more broadly.
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The Aperiodic Tiling Rhythmic Canons Problem (ATCP) is a problem in Mathematical Music Theory that aims at
determining all possible aperiodic couples of complementary rhythms for a given period n. More precisely, given n
€N, we look for the couples (A, B) CZn x Zn of aperiodic sets such that A @B = Zn. If we interpret A as the inner
voice and B as the outer voice, the tiling condition imposes that the two voices combined give a musical composition
such that playing A translated by the elements of B covers all instants time of the bar. Until now, the numerical
approaches to this problem were based on having access to at least one of the two elements of the couple, e.g. A,
which had to be determined by hand. This problem is intrinsically easier and can be seen as a tiling problem in the
cyclic group Zn, with the additional constraint that the complementary voice B is aperiodic. In this ongoing work,
we propose a model that shifts the attention back to the set of all feasible couples (A, B), therefore bypassing the
construction of A which is usually tedious. We provide to ATCP both an Integer Linear Programming and a SAT
formulation. Our contribution thus provides two complementary computational frameworks for the enumeration of
all aperiodic tilings rhythmic canons. We present preliminary results on the numerical resolution of this problem
with our new models, and validate the benchmarks of the literature for n €{72, 108, 120, 144, 168}.

References

[1] Auricchio, G., Ferrarini, L., Lanzarotto, G. (2023). An integer linear programming model for tilings. Journal
of Mathematics Music, 17(3), 514-530.

[2] Auricchio, G., Ferrarini, L., Gualandi, S., Lanzarotto, G., Pernazza, L. (2022). A SAT Encoding to Compute
Aperiodic Tiling Rhythmic Canons. In: Schaus, P. (eds) Integration of Constraint Programming, Artificial
Intelligence, and Operations Research. CPAIOR 2022. Lecture Notes in Computer Science, vol 13292. Springer,
Cham.

[3] Auricchio G., Ferrarini L., Gualandi S., Lanzarotto G., Pernazza L., Computing Aperiodic Tiling Rhythmic
Canons via SAT Models. Constraints 29, 215-233 (2024).

[4] Derval, G., Lecoutre, C. (2026). Aperiodic Tiling and Rhythmic Canons: A CP Journey. Proceedings of the
AAAT Conference on Artificial Intelligence, 40(17), 14209-14216.

92



PGMODAYS 2026 Invited and contributed talks

‘ Session 12K: Algorithms 2.0 : advances in computational methods Room: Loggia (Al - first floor) ‘

EvoHGS: Co-evolving Language Models with Hybrid Genetic Search
for Vehicle Routing Problems

Zihao Guo, Yiding Shi, Xia Jiang, Yaoxin Wu, Jie Gao, Andrea Araldo, Mounim El-Yacoubi

1Institut Polytechnique de Paris, France, ip-paris.fr 2Nanyang Technological University, Singapore, ntu.edu.sg 3Eindhoven
University of Technology, The Netherlands, tue.nl 4Delft University of Technology, The Netherlands, tudelft.nl 5Télécom
SudParis, France, telecom-sudparis.fr

Keywords: Vehicle routing problems, hybrid genetic search, large language models, evolutionary computation,
reinforcement learning

Vehicle Routing Problems (VRPs) are a fundamental class of combinatorial optimization problems aimed to find
high-quality routes for vehicles under operational constraints. Despite decades of study in operations research,
VRPs remain computationally challenging due to their NP-hardness, with additional difficulty introduced by the
diverse constraint structures that arise across different variants. Hybrid Genetic Search (HGS) has emerged as a
state-of-the-art metaheuristic framework for many VRP variants. However, its performance still depends heavily
on manually designed search operators and empirical parameter tuning, limiting its ability to adapt automati-
cally to complex and diverse problem settings. To address the limitation, we propose EvoHGS, a large language
model (LLM)-guided evolutionary framework that automatically improves HGS across the VRP family. EvoHGS
integrates LLM-based heuristic generation with evolutionary search, allowing candidate HGS operators to be gen-
erated, evaluated, selected, and refined through an iterative optimization process. To further align generation
with downstream search performance, EvoHGS uses feedback collected during evolution to finetune the LLM via
reinforcement learning. This enables the model to progressively produce operators that are better adapted to
the search dynamics of HGS across VRP variants. Experiments on multiple VRP variants show that EvoHGS
consistently outperforms the original HGS baseline at the scale used for evolution, remains competitive when the
evolved operators are applied to larger instances, and demonstrates promising zero-shot generalization to unseen
VRP variants.
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We consider a finite-horizon classical Lady-in-the-Lake pursuit-evasion differential game in which an evading agent
moves inside a circular region with velocity boundu, while a boundary-constrained pursuer seeks interception.
The game is formulated through a Hamilton-Jacobi-Isaacs (HJI) equation, whose repeated numerical solution can
become computationally demanding when the game parameters change. We develop a Physics-Informed Neural
Network (PINN) formulation that approximates the HJI value function by combining the viscous HJI residual with
dynamic-programming consistency. The proposed framework is then extended to a parametric PINN in which the
Lady’s velocitypand terminal horizonTare provided as network inputs, allowing a single trained model to represent
a continuous family of game configurations. The learned solutions are validated against a classical grid based Semi-
Lagrangian numerical solver for fixed and previously unsampled parameter combinations. Finally, we consider
an adaptive execution scenario in which the Lady’s velocity changes unexpectedly during the game. Rather than
retraining the network or performing a new numerical HJI solve, the updated feedback strategy is obtained by direct
evaluation of the trained parametric PINN using the new velocity and remaining horizon. Numerical experiments
for both one-pursuer and two-pursuer configurations demonstrate the accuracy of the learned value functions and
illustrate the potential of parametric PINNs for rapid policy adjustment in changing pursuit-evasion environments.
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We establish a superposition principle for perturbed sweeping processes governed by a moving prox-regular set. The
classical Superposition Principle connects the Eulerian description of dynamics through the continuity equation with
their Lagrangian description in terms of characteristic trajectories. Our result extends this framework to constrained
dynamics and, in the unconstrained case, extends the superposition principle for differential inclusions of Cavagnari,
Marigonda, and Piccoli [1] to non-autonomous dynamics that may be discontinuous in time. More precisely, starting
from a probability measure on path space concentrated on Eulerian admissible sweeping trajectories, we show that
its time marginals form a narrowly Lipschitz continuous curve of probability measures supported on the moving
constraint set and solving a constrained continuity equation driven by an admissible Borel velocity field. Conversely,
every solution of this continuity equation admits a superposition representation concentrated on Eulerian admissible
sweeping trajectories. This yields a rigorous correspondence between the Lagrangian and FEulerian descriptions of
the dynamics. We also prove a discrete version of the principle, showing that admissible sweeping trajectories can
be approximated in Wasserstein distance by empirical measures supported on finitely many characteristics. As an
application, we consider an optimal control problem governed by the perturbed sweeping process and prove, under
a convexity assumption on the running cost, that its Kantorovich and Eulerian formulations have the same value
and both admit minimizers. This equivalence is in the spirit of the multi-agent control framework of Cavagnari,
Lisini, Orrieri, and Savaré [2].
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We investigate and compare four draw procedures for incomplete round-robin tournaments with p seeding pots and
q teams per pot, where each team faces exactly k different opponents from each pot. First, we consider a method
where matchups are drawn before the match schedule is built. We show, using a graph-theoretical argument, that,
if ¢ = s(k + 1) with s >3, the scheduling issue cannot be ignored when drawing the matchups, by exhibiting a
draw outcome that cannot be scheduled within pk match days. Second, we study an alternative method where
one first builds a schedule template satisfying all the pot constraints before randomly populating it with the pq
teams. We study the overall minimum number of breaks achievable by the schedule template, and in the case of the
UEFA Champions League (UCL), we build a template that minimizes the number of breaks and optimizes various
schedule fairness and attractiveness criteria. For both methods, a randomized variant is also considered. Using
Monte Carlo simulations, we assess opponent strength fairness for the four methods in the case of the 202425
UCL by comparing the distributions of average opponent strength that they produce for all the teams. We find
that all four procedures are fair to all teams—mno team is significantly aggrieved—and the first procedure yields
more uniform matchup probabilities than the second one. Finally, we introduce a luck index that objectively ranks
teams from the luckiest to the unluckiest during the actual draw.
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Decarbonising industrial heat has become a pivotal challenge for policymakers and industrial stakeholders alike.
However, investment in low-carbon heat technologies is still timid. This is hindered, among other factors, by risk
aversion from economic agents having to take investment decisions, the irreversible nature of these investments
and the high sunk costs they would involve if future outcomes were unfavourable. As a result, firms may delay or
avoid investments, waiting for greater certainty in energy prices, regulatory frameworks, or market signals [1]. In
the context of the development of innovative, decarbonised heat production technologies, Small Modular Reactors
(SMRs) are gaining attention as potential solutions for providing low-carbon, mediumto-high temperature heat
to industrial sites [2]. This paper explores the potential role of Small Modular Reactors (SMRs) in supplying
decarbonised heat and electricity to industrial sites. In particular, we explore the possible emergence of bilateral
contracts between SMR developers and industrial firms, which may offer a viable pathway to overcome investment
hurdles and align supply with demand. To investigate this, we develop a coupled investment model within a Real
Options Analysis framework, capturing the strategic decision-making processes for both an industrial firm and a
SMR developer. We combine Dynamic Programming with Game Theory to solve for the strategic behavior of both
firms. The model considers multiple investment choices for the industrial firm, incorporating the irreversibility of
capital expenditures and the potential for bilateral contracting in heat and electricity supply with the SMR firm.
We solve the model by backward induction, adapting the Least-Square Monte Carlo method [3] to a two-agent
framework in a risk averse fashion. Risk aversion is modelled using the Expected conditional risk measures [4].
Our results suggest that both firms delay their investment decisions when given the option to wait before investing:
The industrial firm keeps its initial gas boiler for a longer period, while the SMR firm holds off investment and
construction of the SMR. Furthermore, risk aversion exacerbates the postponing of investments in non-nuclear
investments. Finally, when contracting between firms is allowed, an increased risk aversion motivates both firms’
to sign heat supply contracts in order to hedge against energy price risks.
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We study linear complementarity problems (LCPs) under uncertainty, which we model using chance constraints.
Since the complementarity condition of the LCP is an equality constraint, it is required to consider relaxations,
which naturally leads to optimization problems in which the relaxation parameters are minimized for given prob-
ability levels. We focus on these optimization problems and first study the continuity of the related probability
functions and the compact- ness of the feasible sets. This leads to existence results for both types of models: one
with a joint chance constraint and one with separate chance constraints for both uncertainty-affected conditions of
the LCP. For both, we prove the differentiability of all probability functions and derive respective gradient formulae.
For the separate case, we prove convexity of the respective optimization problem and use the gradient formulae to
derive necessary and su cient optimal- ity conditions. In a small example of a Cournot oligopoly among energy
producers, we nally illustrate our theoretical findings.
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The single-plant hydro unit commtment problem (1-HUC) involves determining the turbine flow rate at each time
step over a discretized horizon in order to maximize production value. One of the challenges lies in the power
function —which is neither linear nor concave— requiring approximation. Currently, EDF discretizes this function
into a finite set of operating points (PDF), significantly limiting the range of obtainable solutions. This internship
investigates the alternative of piecewise linear (PWL) approximation, which allows for continuous flow rates within
each segment. In [1], it was established that PWL approximation yielded promising results compared to PDF and
non-linear formulations but a single PWL formulation was used in a limited experimental setting. We proposed five
mixed-integer linear programming models for this approximation. They encode the same linearization and differ
only in the method used to select the active segment: one binary variable per segment, a logarithmic encoding
of these variables, one variable per concave piece, an incremental formulation requiring integrality only for the
segments that initiate a piece, and Gurobi’s native piecewise linear constraint. The best-performing model was
then compared against the PDF model using an equivalent approximation budget — that is, matching the number
of operating points to the number of segments in the linearization. As existing problem instances could not be
directly applied to our models, we also developed a generator for realistic and varied instances. Experiments con-
ducted on 5,200 configurations show that the incremental formulation out- performs the others. For an equivalent
budget, the PWL approach yields better solutions than the PDF approach while also being faster. Piecewise linear
approximation therefore represents a viable alternative to operating-point discretization for the 1-HUC problem.
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In the theory of complexity, decision problems are problems stating a question that admits only the answer “Yes”
or “No”. The question can be set in the very general following form: “Given an instance I and a property P
on I, is P true for I?”, where P can be expressed as: “Is there an appropriate entity (which can be a set, a
function, a number...; such an entity depends on the problem) satisfying a given characteristic?”. For instance,
for the well-known problem Satisfiability, the instance I is given by a Boolean formula F defined on a finite set
S of Boolean variables and the considered property is the question: “Is there an assignment function defined on
S allowing to satisfy F, i.e. providing the Boolean value True to F?”. In this communication, we consider the
problems obtained by adding the extra word “unique” to the usual question: “Is there a unique entity satisfying
the given characteristic?”. Thus, for the problem Satisfiability, we obtain the problem called Unique Satisfiability
in [1], stated as follows: “Given a Boolean formula F defined on S, is there a unique assignment function defined
on S allowing to satisfy F?”. We study the complexity of several usual problems when we consider the question
of the unicity of the searched entity. More precisely, we intend to compare the complexity of the existence of a
solution to the complexity of the unicity of such a solution. Some problems are polynomial for both versions. It
is the case for instance for the decision problem associated with the shortest path problem in positively-weighted
graphs, or for the decision problem associated with the minimum spanning tree problem. For some other problems,
under appropriate hypotheses relative to the complexity classes (like the usual hypothesis saying that P and NP are
different), the two versions do not belong to the same class. For instance, Satisfiability belongs to NP (as known,
Satisfiability is even NP-complete) while Unique Satisfiability is US-complete (where “US” stands for the “Unique
Solution” class) and thus does not belong to NP (at least if NP and co-NP are distinct, since US contains co-NP).
Similarly, the other famous problem Hamiltonian Cycle belongs to NP (it is also an NP-complete problem) while
the version in which we consider the unicity of the Hamiltonian cycle is US-complete ([2]). The aim of the talk is
to compare the complexities of such problems when taking the unicity property into account.
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We study the optimization landscape induced by the true loss for shallow polynomial neural networks (PNNs) with
h €N neurons in the hidden layer, one-dimensional input and output layers, and a monomial activation function
of degree d €N, trained against a non-constant affine linear target function. Our first main result provides, for
arbitrary activation degree d, a sharp existence and nonexistence criterion for global minimizers together with
necessary structural conditions. We show that the infimum of the loss is always zero and is attainable with at least
d active and visible hidden neurons, that is, hidden neurons with non-zero inner and outer weights, having pairwise
distinct pivots. In contrast, if h < d, then the infimum cannot be attained, and every minimizing sequence of
parameters necessarily diverges to infinity. Our second main result provides a complete classification of all critical
points of the loss function for cubic activation. We show that the loss landscape admits no local maximizers, that
critical points cannot have exactly two distinct pivots, and that global minimizers require at least three distinct
pivots. Critical points with no active hidden neurons correspond only to saddle points. Consequently, non-global
local minimizers and non-trivial saddle points arise only in networks where all pivots coincide. Moreover, non-
global local minimizers require all hidden neurons to be active and visible, with exactly one hidden neuron having
a slope sign matching that of the target function. We further show that each hidden neuron of a critical point that
is not a global minimizer has either an inputdependent or zero contribution, but no nonzero input-independent
contribution, to its corresponding realization function.

101



PGMODAYS 2026 Invited and contributed talks

‘ Session 8K: Invited session : Quantum Applications in Operations Research part 2 Room: Loggia (Al - first floor) ‘

Quantum Genetic Algorithm for Combinatorial Optimisation

Adil Kassaoui, Eric Bourreau

Abstract

As one of the largest postal operators, La Poste is directly confronted with large-scale combinatorial optimization
problems, particularly variants of the Vehicle Routing Problem (VRP). Among the best- performing heuristics for
such problems is Hybrid Genetic Search (HGS), which — like many state-of-the- art combinatorial optimization
methods — combines a genetic algorithm with local search procedures, following the general paradigm known as
memetic algorithms. Beyond these classical approaches, quantum computing has emerged as a new perspective
on combinatorial optimization. Current hardware, however, remains in the Noisy Intermediate-Scale Quantum
(NISQ) era, where only a small number of physical qubits are available. This constraint motivates the use of LogQ
encoding, which represents solutions using exponentially fewer qubits than direct encodings, making it compatible
with near-future hardware — but at the cost of significantly restricting the freedom available in designing quantum
encodings and algorithmic operations. Genetic algorithms are naturally suited to this constraint, as they operate
through generic variation and selection operators rather than requiring rich circuit structures or gradient access.
Combined with the strong classical track record of genetic approaches such as HGS, this makes the genetic paradigm
a well-motivated candidate for building an optimization algorithm within the LogQ framework.

Résumé

En tant que I'un des plus grands opérateurs postaux, La Poste est directement confrontée a des problemes d’opti-
misation combinatoire & grande échelle, en particulier des variantes du probléme de tournées de véhicules (Vehicle
Routing Problem, VRP). Parmi les heuristiques les plus performantes pour ce type de problémes figure la recherche
génétique hybride (Hybrid Genetic Search, HGS), qui — comme de nombreuses méthodes d’optimisation combi-
natoire de référence — combine un algorithme génétique & des procédures de recherche locale, selon le paradigme
général dit mémétique. Au-dela de ces approches purement classiques, 'informatique quantique a émergé comme
une nouvelle perspective pour 'optimisation combinatoire. Le matériel actuel reste néanmoins dans ’ere NISQ
(Noisy Intermediate- Scale Quantum), ou seul un nombre restreint de qubits physiques est disponible. Cette
contrainte motive I'usage de ’encodage LogQ, qui représente les solutions a I’aide d’un nombre de qubits exponen-
tiellement plus faible que les encodages directs, le rendant compatible avec du matériel & court terme — mais au
prix d’une réduction significative de la liberté offerte dans la conception des encodages quantiques et des opérations
algorithmiques. Les algorithmes génétiques s’adaptent naturellement a cette contrainte, puisqu’ils reposent sur des
opérateurs génériques de variation et de sélection plutot que sur des structures de circuits riches ou un acces au
gradient. Associé aux bonnes performances classiques déja établies des approches génétiques telles que HGS, cela
fait du paradigme génétique un candidat bien motivé pour la construction d’un algorithme d’optimisation dans le
cadre de I’encodage LogQ.
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We provide a novel analysis of the stochastic proximal point (SPP) algorithm under remarkably weak assumptions.
Namely, we provide explicit convergence rates without requiring the objective function to satisfy a regularity
condition, such as Lipschitz continuity, which is a very standard assumption in the analysis of this algorithm [3,
4], or smoothness, less commonly used in the SPP literature. Existing results [1] under our working assumptions
provide convergence guarantees, but typically do not provide explicit convergence rates, and the present work fills
this gap. Our analysis is based on a non-standard choice of metric for monitoring the progress of the algorithm:
rather than the usual optimality gap in the convex setting, we consider a regularized version of the optimality gap.
We extend our analysis to a stochastic forward-backward algorithm, where both the proximal backward step and
the (sub-)gradient forward step are stochastic (in the fashion of [1, 2]). Finally, we emphasize that our analysis
does not rely on a strong variance assumption, such as a uniform bound on the gradient variances; instead, we
require the variance to be finite only at a solution of the problem.
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This work develops a hybrid quantum-classical framework based on variational quantum algorithms for the un-
capacitated single-allocation p-hub median problem, a classical hub-location problem in which hub-selection and
node-allocation decisions are coupled [1]. We first analyze its binary structure and derive a quadratic representation
of the transportation objective. The hub-cardinality, single-allocation, and hub-activation constraints are incor-
porated through quadratic penalty terms, leading to a Quadratic Unconstrained Binary Optimization (QUBO)
representation suitable for an Ising-Hamiltonian encoding [2]. Building on this formulation, we focus on hybrid
variational quantum algorithms. In the resulting framework, a parameterized quantum circuit prepares candidate
binary configurations, measurements are used to estimate the corresponding QUBO objective, and a classical op-
timizer iteratively updates the circuit parameters. We consider the Variational Quantum Eigensolver (VQE) [3]
and the Quantum Approximate Optimization Algorithm (QAOA) [4] as two representative variational approaches
for this formulation. Particular attention is given to the encoding of the hub-selection and allocation variables, the
construction of the penalized objective, and the role of penalty parameters in maintaining feasibility. The aim is to
establish a transparent QUBO-based framework for applying variational quantum algorithms to the p-hub median
problem, providing a basis for subsequent computational experiments comparing circuit architectures, classical
parameter optimizers, penalty choices, and VQE/QAOA behavior on benchmark hub-location instances.
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Bike-sharing systems (BSS) are among the most widely adopted new shared mobility services. Because they rely
on one-way trips, changes in demand cause imbalances, with bikes depleted in some locations and overflowing
in others. Traditionally, this challenge is addressed through costly truck-based rebalancing operations. In high-
traffic zones or during peak time periods, precisely when reliability is most critical, operators face a fundamental
challenge between service and inventory management, which in station-based BSS, increases further with capacity
restrictions. To improve the reliability of the service, BSS operators have introduced reservation options that
guarantee bike availability at specific stations and times, which comes at a trade-off in service levels. Reserving
bikes too aggressively reduces system utilization while exposing the operator to the risk of not fulfilling future
commitments. In this study, we address a choice-based dynamic pricing problem for demand management in BSS
networks with a service-level-maximizing objective. We propose a novel multistage stochastic program (MSSP) in
which the operator offers a menu of alternatives for each origin station, including destination stations, deferred
departures, and prices. The users’ choices are integrated through a multinomial choice model, where they either
choose a trip alternative from the offered menu or opt out. We also include exogenous pre-booked trips; hence, the
operator must decide based on residual capacities. We propose a rolling horizon algorithm to reduce the size of the
MSSP by combining a stochastic decision window and expected value approximation of the remaining horizon in a
single optimization model [1, 2], enabling menu decisions that adapt to the observed network state. Furthermore,
we develop a station-wise Lagrangian decomposition for scalability. The proposed model and solution algorithms
are evaluated on a synthetic network with instances diversified in size and demand patterns.
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Road freight transport is a critical target of European decarbonization policy: heavy-duty trucks in particular are
subject to a regulatory trajectory mandating a 90% reduction by 2040 relative to 2019 levels of CO2 emissions.
Battery electric trucks (BETS) are a leading decarbonization pathway for the sector [1], yet fleet operators lack
decision tools that jointly account for the physical feasibility of electrification, given real vehicle usage, and its
economic and environmental consequences. This work develops a data-driven optimization framework, operated
by a European manufacturer, for the electrification of heavy-duty truck fleets, applied to real client fleets. Raw
telematics pings are processed through a pipeline that reconstructs missions, along which potential charging op-
portunities are identified, from which battery state of charge trajectories are simulated for a catalog of candidate
BETS’ models. Building on these simulations, we formulate mixed integer linear programs assigning BET models to
vehicles. We then perform an a posteriori assessment, comparing the initial all-diesel fleet against each optimized
electrified configuration along three criteria: total cost of ownership (T'CO) [2, 3, 4], life cycle greenhouse gas
emissions [5] and criticality of materials use through an antimony equivalent indicator. This framework grounds
fleet electrification decisions in real operational data, with cost and environmental criteria to be integrated directly
into the optimization objective in future work.
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Policy gradient methods are known to be highly sensitive to the choice of policy parameterization. In particular, the
widely used softmax parameterization can induce ill-conditioned optimization landscapes and lead to exponentially
slow convergence. Although this can be mitigated by preconditioning, this solution is often computationally
expensive. Instead, we propose replacing the softmax with an alternative family of policy parameterizations based
on the generalized f-softargmax. We further advocate coupling this parameterization with a regularizer induced
by the same f-divergence, which improves the optimization landscape and ensures that the resulting regularized
objective satisfies a Polyak— Lojasiewicz inequality. Leveraging this structure, we establish the first explicit non-
asymptotic last-iterate convergence guarantees for stochastic policy gradient methods for finite MDPs without any
form of preconditioning. We also derive sample-complexity bounds for the unregularized problem and show that
f-PG with Tsallis divergences achieves polynomial sample complexity in contrast to the exponential complexity
incurred by the standard softmax parameterization.
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The Hydro Unit Commitment (HUC) problem is a difficult sub-component of the Unit Commitment problem (UCP)
in electricity production planning. We consider a reservoir valley in which several hydroelectric power plants are
interconnected. The objective of the HUC is to optimize the planning of the hydroelectric units in order to satisfy
the demand while maximizing the profit and respecting the operational constraints. Its combinatorial complexity
as well as its strict volume constraints make it particularly difficult and real large-scale instances remain hard to
solve in a satisfactory way. These problems have so far mostly been modeled using linear optimization with integer
variables, which remains the dominant approach in the literature [Taktak and D’Ambrosio, 2017]. We focus here
on the combinatorial structure induced by the discrete operating points and the target volume constraints of the
reservoirs. When the initial and final volumes of a reservoir are fixed, they determine a target volume to be turbined
by each plant over the horizon. Since plants operate on a discrete set of cumulative flows, reaching this target
constrains the possible combinations of operating points over time. We propose a new extended formulation based
on these target volumes, using cardinality variables to describe how many periods are spent at each operating point.
We first investigate a preprocessing approach that enumerates all combinations compatible with the given target.
We then propose a decomposition scheme that avoids full enumeration by alternating between two mixed-integer
programs. One relaxes operating variables to continuous values while keeping these cardinality variables integer,
generating candidate combinations with an upper bound on their value. The other fixes a candidate combination
and checks whether it can be realized by an integer-feasible schedule. The combination is then excluded from
subsequent iterations via a no-good cut, in the spirit of combinatorial Benders decompositions [C6té et al., 2014],
until optimality is proven. These approaches proved to be very effective and led to significant improvements in
computation times on our set of instances.

Acknowledgment: This research benefited from the support of the FMJH Program Gaspard Monge for optimization

and operations research and their interactions with data science.
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Buildings account for 15-20% of global CO2 emissions, with heating and cooling alone responsible for roughly 8%.
This work studies how combining photovoltaic (PV) production with geothermal storage can reduce this footprint:
PV output is used first to cover a building’s immediate electricity needs, and any surplus is stored as heat several
tens of meters underground, through a network of buried pipes, to be recovered months later — typically in winter
— to preheat the building and cut electricity demand for heating. This principle is being tested at full scale
on four residential buildings equipped by Energy4Climate (E4C) on the Saclay plateau, where replacing a large
share of the gas supply with an optimized electrical management strategy could cut CO2 emissions by up to 78%.
Operating such a system well is nonetheless a genuinely hard control problem: at every instant, the building must
arbitrate between drawing on PV, discharging thermal storage, and buying grid electricity, under uncertainty on
sunshine, occupant demand, and prices — a decision that must also be reconciled with the far slower, months-long
dynamics of the ground storage itself, whose state today constrains what will be available the following winter.
The demonstrator will later be extended with electric-vehicle charging stations, adding both further flexibility
and further uncertainty, as vehicles double as consumption points and as mobile, decentralized storage whose
availability depends on user behavior. A first contribution of this work is a time-stepped simulator of such hybrid
PV, geothermal, and gas building energy systems. Both the network topology (which components are present
and how they are connected) and the operating scenario (weather, prices, carbon intensity) are fully user-defined
and independent of one another, so the same tool can evaluate a candidate control policy — a simple heuristic or
an externally supplied, time-varying strategy — across many different building configurations and many realistic,
possibly multi-year, conditions imported directly from public meteorological and grid-operator data. It reports the
resulting energy consumption, cost, carbon footprint, and comfort, already providing reliable and realistic metrics
to compare candidate strategies. The second contribution is ongoing. We are currently developing simplified and
tractable versions of the model of the operation problem described above, together with efficient solution methods.
These methods will then be evaluated in the simulator to assess their expected performance in practice. This model
will serve as a basis to determine how much precision the predictions and the decisions actually require.
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In decision problems under incomplete information, actions identified with payoff vectors indexed by (finite) states
of nature and beliefs (probability distributions) are naturally paired by bilinear duality. We exploit this duality to
analyze the interpersonal comparison of the value of information, using concepts and tools from convex analysis. We
identify a decision-maker (DM) who maximizes expected payoff either with a closed convex positively homogeneous
function over beliefs (expected payoff), or with a closed convex lower set (random payoff set). Equipped with two
suitable operations that we interpret economically we obtain two isomorphic diods. Then, we show that one DM
values information more than another DM if and only if their random payoff sets are solution of an algebraic
equation involving the Minkowski addition, and their star-differences.
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We consider regularized mean field optimization problems,

inf {G(m m)},
i {G(m) + ¢(m)}
where the regularization ¢ is typically given by € > 0 times an entropy, a Fisher information term, or an LP-norm.
We develop a conditional gradient algorithm tailored to this class of problems and provide a unified convergence
analysis across several regimes.

Algorithm 1: Conditional Gradient for Mean Field Optimisation
Require: m, € P().

1: for k=0,1,2,... do

2:  Solve linearized subproblem:

e = argnin | /Q o () (o) ) + 60}

REP()

3:  Choose step size 0}, € [0,1] (e.g., line search or predefined).
4: Update: my, 1 = O,py, + (1 —60,)m,,.
5: end for

In particular, we establish convergence guarantees in the non-convex and convex settings, as well as under relative
strong convexity and L-smoothness assumptions. In the latter regimes, we derive improved convergence rates,
including sublinear and linear rates under appropriate assumptions. We illustrate the effectiveness of the proposed
method through a range of numerical experiments, including the minimization of maximum mean discrepancy
(MMD), single-layer neural network training, and multi-layer neural network training. These experiments demon-
strate the applicability of the conditional gradient approach to a variety of regularized mean field optimization
problems.
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The moment-SOS (Sum-Of-Squares) hierarchy, originally introduced by Lasserre in [1], provides a powerful frame-
work for solving nonconvex polynomial optimization problems to global optimality by constructing a sequence of
convex semidefinite relaxations. When applied to nonlinear Partial Differential Equations (PDEs), this approach
allows to compute rigorous bounds on a specified, possibly nonlinear, functional of their solutions [2]. Such bounds
are particularly valuable in optimal control, as they can provide quantitative guarantees on the performance of
a given controller relative to the global optimum. Furthermore, the numerical pseudo-moments generated by the
hierarchy can be exploited to synthesize nonlinear feedback control laws [3]. However, a central challenge for non-
linear PDEs is the possible existence of a relaxation gap between the original nonlinear, nonconvex problem and
its convex relaxation over measures. Such a gap may compromise the convergence guarantees of numerical schemes
based on the moment-SOS hierarchy. In this talk, we will present recent theoretical results proving the absence
of a relaxation gap for scalar nonlinear parabolic PDEs of the reaction-diffusion type [4]. We will also present
numerical applications of the moment-SOS hierarchy to optimal control problems governed by reaction-diffusion
PDEs and the Navier—Stokes equations.
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Despite recent algorithmic advances, we still lack principled ways to leverage the well-documented rescaling sym-
metries in ReLU neural network parameters. While two properly rescaled weights implement the same function,
the training dynamics can be dramatically different. To offer a fresh perspective on exploiting this phenomenon,
we build on the recent path-lifting framework, which provides a compact factorization of ReLLU networks. We
introduce a geometrically motivated criterion to rescale neural network parameters whose minimization leads to
a conditioning strategy that aligns a kernel in the path-lifting space with a chosen reference. We derive an effi-
cient algorithm to perform this alignment. In the context of random network initialization, we analyze how the
architecture and the initialization scale jointly impact the output of the proposed method. Numerical experiments
illustrate its potential to speed up training.
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In an industrial context, this talk addresses a multi-period scheduling problem involving the routing of agents
required to perform localized tasks, some of which require the simultaneous presence of multiple agents. The
objective is to maximize the number of completed tasks, weighted by their priority. The proposed model relies
on two key assumptions: a time discretization that facilitates the handling of synchronization constraints, and a
spatial aggregation of tasks by city, within which travel distances are neglected. The aggregation of agents under
the assumption of homogeneity is justified. A heuristical aggregation of tasks, leading to a formulation whose
complexity is independent of the number of optional tasks, is presented.

114



PGMODAYS 2026 Invited and contributed talks

‘ Session 15D: Optimisation challenges in modern mobility Room: Lise Meitner (A1.116) ‘

Linear Analytical Model for Static Traffic Assignment: Explicit
Formulation and Optimization-Oriented Applications

Baptiste Leroux', Antonio Sciarretta!, Milos Balac?

'TFP Energies Nouvelles, France, baptiste.leroux@ifpen.fr, antonio.sciarretta@ifpen.fr
2ETH Zurich, Switzerland, milos.balac@csfm.ethz.ch

Keywords: Static traffic assignment; Linear analytical model; Traffic equilibrium; Analytical approximation;
Backcasting; Transport optimization.

This paper introduces an analytical approximation of the static traffic assignment (STA) problem that provides an
explicit mapping from network characteristics and origin destination (OD) demand to link flows and travel times.
The approach combines two key elements: (i) a projection of path flows onto a lower-dimensional set of auxiliary flow
variables, and (ii) a local linearisation of the link performance functions around a converged traffic assignment.
Under a fixed path support, these ingredients lead to a closed-form affine representation of link flows and OD
travel times, together with their analytical sensitivities with respect to network and demand variables, avoiding the
repeated iterative assignment procedures required by conventional STA solvers. The analytical model is validated
against the Method of Successive Averages (MSA) on the Sioux Falls benchmark and on the real-scale road network
of Lyon, France, comprising 8,140 links, 4,128 nodes and up to 33,258 OD pairs. The results show a high agreement
with the numerical reference, with an R2 of approximately 0.99 for OD travel-time prediction. Beyond accelerating
the assignment itself, the main interest of the proposed framework lies in its integration into larger optimization
problems. By replacing the iterative lower-level traffic assignment with an explicit analytical mapping, the model
provides a tractable surrogate for bilevel and nested optimization problems in which traffic equilibrium is repeatedly
evaluated. This opens the way to gradient-based formulations of inverse and network-design problems, including
OD demand calibration, network parameter estimation and graph reduction. The proposed framework therefore
provides a computationally efficient bridge between traffic assignment and large-scale mathematical optimization,
with particular relevance to backcasting-oriented transport planning and other decision-making problems involving
repeated traffic assignment evaluations.
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Optimal transport is widely used in machine learning for learning distributions, enforcing distributional constraints
[3], and modeling risk aversion [2]. In one dimension, transport costs can be computed in closed form by sorting
values, enabling efficient differentiation and making them practical components of learning pipelines [4, 5]. These
costs are usually approximated through sampling. We study parameterized functions defined by transport costs
and show that, as the sample size grows, the graphs of their subdifferentials converge [1]. In particular, this result
guarantees that standard subgradient methods consistently approach population-level critical points. We illustrate
our results in several settings, including risk-averse optimization, fairness, and sliced Wasserstein costs.
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Optimal management of battery storage in the continuous intraday power market requires accounting for future
order book uncertainties, rather than only reacting to their current state as myopic policies do. We propose a
simple probabilistic model of the order book before gate closure to compute dynamic trading policies. We first
reconstruct limit order books from order- level data for the French and German markets. We then document several
stylized facts of the order books. Building on these facts, we calibrate a Markov chain on the order book state
before gate closure. This chain serves as the stochastic process in an optimisation model solved by Stochastic Dual
Dynamic Programming (SDDP), from which we derive a dynamic trading policy. This work connects statistical
analysis of order books with stochastic control for battery storage in European intraday power markets.
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Two intertwined challenges increasingly arise in modern optimization: the growing complexity and dimensionality
of optimization problems, which place increasing demands on classical computational resources, and the prevalence
of complex-valued decision variables in applications such as signal processing, communications, control, and quan-
tum systems. Quantum computing offers alternative representations and search mechanisms for addressing such
problems, while continuous-variable (CV) quantum systems provide a natural setting for continuous optimization
through their infinite-dimensional Hilbert spaces.

In this work, we propose the Complex Continuous-Variable Quantum Approximate Optimization Algorithm (CCV-
QAOA), a variational quantum framework for optimizing directly over complex-valued decision variables while also
accommodating real-valued problems. The approach exploits the natural correspondence between the real and
imaginary components of complex variables and the position—momentum quadratures of CV systems, allowing each
complex variable to be represented within a single qumode and reducing the number of required qumodes. We
evaluate CCV-QAOA on convex quadratic problems, constrained quadratic programs, the non-convex Styblinski—
Tang benchmark, and complex quartic landscapes. We further investigate the effects of circuit depth and cutoff
dimension on algorithmic performance.
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This presentation addresses robust optimization problems with risk-averse and almost-sure constraints and makes
several key contributions. First, we introduce a unified optimization framework that jointly integrates almost-
sure constraints, risk-averse constraints, and variance penalization of decision variables. The variance penalization
mechanism, inspired by machine learning to mitigate overfitting, is designed to improve the out-of-sample robustness
of stochastic optimization solutions [1, 2]. Second, using operator-splitting techniques, we derive a dedicated
algorithm for this framework: the Risk-Averse Variance-Penalized Progressive Hedging Algorithm (RAVP-PHA).
Each iteration follows the same decomposition structure as the original Progressive Hedging Algorithm: one part
corresponds to the parallelization of deterministic optimization subproblems, while the other part consists of
a closed-form projection step. Third, we instantiate this framework and its solving algorithm in the context
of stochastic optimal control problems with linear dynamics, ensuring convexity, and with both pure-state and
mixed constraints, providing a complete solution methodology. Finally, the effectiveness of the proposed modeling
framework and solving algorithm is demonstrated on an energy management application involving a battery system
(EMS). Using real consumption and production data from a commercial facility, we show that combining risk-averse
constraints with variance penalization significantly improves performance in terms of cost reduction and constraint
satisfaction, outperforming standard MPC strategies. We show that most of the improvement over MPC is due to
variance penalization.
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This work addresses the numerical resolution of an aggregative stochastic optimization problem in which agents
are subject to both common and individual sources of uncertainty. It is motivated by the practical challenge of
optimal, coordinated management of a large number of energy dynamical systems under uncertainty. We propose an
extension of the work of [2] to a common noise framework, as well as a generalization to problems incorporating risk
measures and coupling constraints across agents. We also propose a relaxation of our original problem, recovering
the same relaxation gap result as the one established by the authors. Then, motivated by our practical problems, we
restrict our attention to problems with noise having a finite number of scenarios and a scenario tree representation.
Generalizing Rockafellar’s expansion lemma [1, Lemma 1], we obtain an equivalent reformulation of the relaxed
problem. It is particularly well-suited to numerical resolution via the Douglas—Rachford Splitting (DRS) algorithm,
a well-known method for minimizing the sum of two convex functions. Indeed, the first part of the objective becomes
separable with respect to both the agents and scenarios, and the second one admits a numerically tractable proximal
operator. In particular, at each iteration of the algorithm, independent and parallelizable subproblems are solved.
Therefore, the combination of the relaxation and the resulting decomposition allows us to control the complexity
of our aggregative problem of interest as the number of agents and scenarios grows.
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Data-driven surrogate models enable faster security assessment of power grids compared to repeated steady-state
power-flow calculations. Training such surrogate models poses a challenge of building representative labelled
training data, because historical measurements are scarce due to privacy constraints. Also, constraint-violating
operating conditions are rare in historical measurements, leaving few samples near the classification boundary;
this imbalance in training data limits the ability of historical data alone to train a classifier for rare violation
events. Synthetic-data generation strategies have therefore been proposed [2], while deep active learning can
reduce the number of power-flow-labelled points by selecting informative samples [1]. Here, we propose a novel
training data generation strategy that samples active power independently for each load from a truncated Weibull
distribution. Its parameters control the frequency of higher-consumption operating points and are tuned to obtain
a balanced proportion of constraint-satisfying and constraint-violating samples. Unlike iterative power-flow-based
generation [2], the procedure is independent of the evaluation oracle and can therefore be combined with an active-
learning-based labelling process [1]. The method is evaluated against uniform and iterative sampling on low- and
medium-voltage test cases. Testing uses realistic residential load profiles. The proposed Weibull strategy achieves
higher F1-scores across the reported cases with substantially fewer labelled points. In particular, surrogate models
achieve high recall; this is desirable for security assessment because false alarms are preferable to missed constraint
violations. Once trained, the ML surrogate evaluates operating points several orders of magnitude faster than
conventional power-flow assessment.
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We study the direct use of £0 regularization in sparse multiple kernel learning (SMKL) problems. We introduce an
explicit £0 norm on the kernel combination coefficients, leading to min—max mixed-integer optimization formulations
in which kernel selection is handled in the outer problem and a standard SVM is solved in the inner problem; we
solve these formulations to within a prescribed tolerance of global optimality. For feature-wise rank-one linear
base kernels, we show that the number of selected kernels provides an explicit upper bound on the rank of the
combined kernel. Under this construction, the £0 constraint directly controls the number of selected kernels and
admits an interpretation in terms of feature selection. Furthermore, to disentangle the sparsity-inducing and kernel-
scale-controlling effects of /1 regularization in standard MKL, we introduce an ¢0—¢p MKL framework that uses
explicit £0 regularization to control the selected support and continuous ¢p regularization to control the magnitude
and scale of the kernel weights. We compare our /0-MKL formulations with conventional £1-based MKL [1, 2]
and a recent heuristic approach [3] for £0-based MKL. Extensive experiments on synthetic and UCI benchmark
datasets demonstrate that the proposed ¢0-regularized SMKL approach selects fewer kernels than conventional
¢1-MKL while maintaining comparable test accuracy and generally achieving higher predictive accuracy than the
alternating best-response heuristic. These results complement previous observations in MKL where less sparse
solutions are often observed to perform better.
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We study attention mechanisms through the lens of a canonical unsupervised problem: principal component analysis
(PCA). We show that, when trained on Gaussian data, both softmax and linear attention layers learn parameters
that align with the principal eigenvectors of the covariance matrix, thereby establishing a direct and explicit
connection with PCA. Our analysis covers both finite and infinite prompt regimes. In the infinite-prompt limit, we
prove convergence to globally optimal solutions aligned with the leading spectral direction, while in the finiteprompt
setting we show that the same behavior emerges up to sampling effects. We further extend the analysis to an
in-context setting with spiked Wishart covariances, where attention successfully recovers the underlying signal
direction. These results demonstrate that attention inherently performs PCA-like computations under unsupervised
objectives, providing a theoretical foundation for its representation-learning capabilities.
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opt-syn (https://opt-syn.github.io/) is a MATLAB package for the automated analysis and synthesis of first-order
algorithms. Optimization and fixed-point algorithms can be interpreted through the lens of dynamical systems as
the interconnection of linear systems and operator nonlinearities [1]. The convergence of well-posed optimization
algorithms can then be connected to disturbance rejection/output regulation properties of these nonlinear systems
[2, 3]. This dynamical systems formulation allows for the analysis and synthesis of optimization algorithms by
solving robust control problems [4]. Analysis bounds performance measures such as worst-case linear convergence
rates, and gains for robust or stochastic error amplification. Synthesis tries to design optimization algorithm
satisfying these desired performance constraints. Analysis and Synthesis may be performed for algorithms arising
in dynamic environments, including cases with constant or time-varying delays, channel memory, and cross-talk.
The Analysis and Synthesis problems are posed using the frameworks of Integral Quadratic Constraints [5, 6, 7],
and are solved through Linear Matrix Inequality methods [8].
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Hospital inventory management is challenged by budget constraints, demand variability, and the large variety of
items. These items also differ in their levels of criticality, requiring management approaches that account for their
impact on healthcare services, such as the VED (Vital, Essential, and Desirable) classification [1]. Moreover, stock-
outs may compromise the continuity of care and patient safety [2]. In Brazilian public hospitals, these challenges
are further compounded by bureaucratic procurement processes, in which the same item may be associated with
different price registration agreements, each with distinct suppliers, prices, available quantities, and priority levels.
In this problem, the purchasing decision involves determining how much of each product to acquire and from
which of the available price registration agreements, while considering the desired inventory level based on prod-
uct demand, the criticality of each item, and the priorities among available agreements. This work proposes two
mathematical programming formulations with multiple objectives to support purchasing decisions in a university
hospital, integrating operational and legal aspects of the procurement process with product prioritization according
to item criticality. Both models determine what and how much to acquire while considering budget limitations,
agreement priorities, and penalties for understocking. The first model considers a single purchasing period, oriented
toward operational decisions and emulating current purchasing practice, while the second adopts a multi-period
formulation that supports more tactical and strategic planning over a time window. The approaches were evaluated
using real hospital instances constructed from historical data on inventory levels, consumption, and active price
registration agreements. The results indicate that the proposed models can generate replenishment decisions that
maintain inventory coverage within the desired range while respecting budget and procurement constraints, with
more stable inventory levels than those observed historically.
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The minimum sum-of-squares clustering (MSSC) problem, also known as K-means clustering, is a fundamental NP-
hard problem in operations research [1]. Given a dataset X = {x{,...,x,,} C R", it seeks k centroids C = (¢, ..., ¢;,)
that minimize

m
in f(C,X)=>_ min |z, —¢,|*.
Juin (G, X) iﬂjzrgl}_‘r}ykllxl ¢

Its nonconvex landscape contains many local minima, while big datasets make extensive exploration computation-
ally expensive. We propose a multimodal perspective on large-scale MSSC optimization [2]. Here, an optimization
modality is a distinct way of influencing the search: (1) formulating the objective, (2) selecting and representing the
data, or (3) exploring the solution landscape. Combining these modalities provides complementary mechanisms for
escaping local minima. Our studies show that combining data selection and landscape exploration improves solu-
tion quality and computational efficiency over corresponding unimodal methods. Big-means [1] and Big-means++
[3] repeatedly optimize MSSC on small random subsets of the dataset. Preliminary, unpublished results indicate
that adding a collective intelligence method for more extensive landscape exploration yields further performance
gains. A promising direction is to integrate objective reformulations, such as adding weighted regularization terms,
changing the coordinate system, or even switching to alternative clustering models, with data selection and land-
scape exploration modalities.

References

[1] R. Mussabayev, N. Mladenovic, B. Jarboui, R. Mussabayev, How to Use K-means for Big Data Clustering?,
Pattern Recognition, 137 (2023), 109269.

[2] R. Mussabayev, R. Mussabayev, Variable Landscape Search: A Novel Metaheuristic Paradigm for Unlocking
Hidden Dimensions in Global Optimization, Mathematics, 13(22), 3667, 2025.

[3] R. Mussabayev, R. Mussabayev, Z. Yerdaliyeva, K. Nursultan, Data-Native Global Optimization for Big Data
K-means Clustering, 2026, arXiv:2607.15835.

126



PGMODAYS 2026 Invited and contributed talks

‘ Session 12K: Multiobjective Optimization and Evolutionary Computation Part I Room: Loggia (Al - first floor) ‘

Discovering Interpretable Multi-Parameter Control Policies for
Evolutionary Algorithms Using Deep Reinforcement Learning

Tai Nguyen, Phong Le, Carola Doerr, Nguyen Dang
1University of St Andrews, St Andrews, United Kingdom 2Sorbonne University, CNRS, LIP6, Paris, France

Keywords: parameter control, dynamic algorithm configuration, reinforcement learning

Parameter control aims at dynamically adapting the behavior of an optimization algorithm to the different stages
of the search [1]. While dynamic parameter choices can provide substantial benefits over static configurations,
deriving effective multi-parameter control policies remains challenging, especially when the policy must both per-
form well empirically and remain interpretable enough to support theoretical analysis. In this talk, we present
an investigation of deep reinforcement learning (deep RL) as a potential tool for discovering such policies for evo-
lutionary algorithms. We consider the (14(\, \))-Genetic Algorithm on the OneMax benchmark, a well-studied
setting in which dynamic parameter control is known to yield a provable asymptotic advantage [2]. We formulate
the control of its four main parameters: the mutation and crossover population sizes, the mutation-rate coefficient,
and the crossover-bias coefficient, as a Dynamic Algorithm Configuration (DAC) problem [3]. Using Double Deep
Q-Networks (DDQN), we show that deep RL can discover highly effective multi-parameter policies, despite the
non-trivial structure of the resulting decision problem. A simple policy derived from the learned behavior con-
sistently outperforms previously proposed theoretical and algorithmically tuned policies on problem sizes up to
n = 40 000. More importantly, we address a key limitation of deep-RL-based control: although neural policies
can be highly effective, they are difficult to interpret and analyze theoretically. We therefore develop a two-stage
distillation procedure that transforms learned policies into explicit symbolic control rules. The resulting white-box
policies expose interpretable relationships between the algorithm’s parameters and the optimization state while
retaining strong empirical performance. We further automatically fine-tune the symbolic policy using SMAC3 [4],
obtaining additional improvements over the initial symbolic representation. Together, these results demonstrate
a data-driven route from black-box policy discovery to interpretable algorithm design. Beyond the considered
benchmark, this approach suggests that deep RL can serve not only to optimize evolutionary algorithms, but also
to generate concrete mathematical hypotheses for the analysis of adaptive optimization methods.
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In this paper, we investigate dynamic meta-parameter control for the covariance matrix adaptation evolution
strategy (CMA-ES) through deep reinforcement learning (DRL). We formalize the online adaptation of meta-
parameters as a Markov decision process (MDP), where each iteration corresponds to one decision step. Based
on this formalization, we integrate a controller designed with proximal policy optimization (PPO) into CMA-ES
that adapts the learning rates of the mean and the damping parameter of cumulative step-size adaptation (CSA)
during the optimization run. Importantly, the controller preserves all known invariance properties of CMA-ES.
We train the PPO model only on the Rastrigin function. The learned controller enables CMA-ES with default
population size to solve a variety of multimodal functions: on the Rastrigin function, the PPO-CMA-ES is four
times faster than IPOP-CMA-ES, and it is also highly competitive on a variety of other multimodal functions,
while maintaining reasonable performance on unimodal functions.
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PDE-constrained optimization requires repeated solutions of state and adjoint equations and can become prohibitive
in many-query, high-dimensional, or uncertainty-aware settings. Neural operators [1] offer an attractive amortized
surrogate, but dense spectral kernels remain over-parameterized, while fixed low-rank compression can degrade the
derivatives that drive optimization [3]. We propose a rank-adaptive tensorized neural operator designed specifically
for surrogate-based PDE-constrained optimization. For a parameterized problem

min J(u, 2) subject to A(m, z)u = f.

zeZ

the solution map (m, z) 7—u is learned by a Fourier-type neural operator whose high-dimensional spectral weights
are represented in Tensor-Train (TT) form [2]. Instead of fixing the T'T ranks a priori, we treat them as discrete com-
plexity variables and adapt them using joint state, derivative, and compression indicators. The training objective
combines solution error, a physics residual, gradient-consistency information relevant to the reduced optimization
problem, and an explicit TT-complexity penalty. This produces a coupled accuracy—complexity mechanism in
which ranks are increased only where additional expressive power improves the optimization-relevant validation
criterion and are truncated when factor energy becomes negligible. The surrogate is embedded in a gradient-based
optimization loop and evaluated on parametric elliptic/Darcy-type control problems. The numerical study com-
pares a full Fourier neural operator, fixed-rank T'T surrogates, and the proposed adaptive model using state relative
L2

error, reduced-gradient error, objective optimality gap, PDE feasibility residual, parameter count, memory foot-
print, and wall-clock cost. Additional tests under parameter distribution shift assess whether adaptive low-rank
structure acts as a regularizer rather than merely a compression device. The framework connects PDE-constrained
optimization, numerical analysis, low-rank tensor approximation, and scientific machine learning, with the aim of
obtaining compact surrogates whose derivatives remain reliable enough for optimization.
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Computing the market equilibrium involves solving a set of variational inequalities, which is nontrivial to do accu-
rately. The problem is here formulated as a large-scale Equilibrium Problem with Equilibrium Constraints (EPEC).
We propose a solution based on nonlinear programming, where the EPEC is interpreted as a particular instance
of a Mathematical Program with Com- plementarity Constraints (MPCC). We develop a package to formulate the
market equilibrium directly in the JuMP modeling language and implement automatic procedures to reformulate
the problem as an MPCC. In particular, we compare two specific reformulations for the result- ing MPCC: (i) the
Scholtes relaxation, which reformulates the MPCC as a (nearly degenerate) nonlinear program, allowing it to be
solved with a nonlinear interior-point solver such as Ipopt; (ii) a reformulation of the complementarity constraints
using SOS1 constraints, as is standard in the literature. We test both approaches numerically on several practical
EPEC instances: (i) a tariff-setting problem given by EDF, (ii) investment under risk in incomplete markets, (iii)
wholesale market equilibrium with market power, (iv) wholesale market equilibrium with day-ahead/real-time ar-
bitrage. We assess the strengths and weaknesses of each method.
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Quantum Computing for Integer Quadratic Programming
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A principled way to solve NP-hard combinatorial optimization problems by means of a quantum computing al-
gorithm is to reformulate them as quadratic unconstrained binary optimization (QUBO) problems. Formally, a
QUBQO is defined by

min ' Qr+c’z <+ min 2" (Q + diag(c))r = 2" Q" x.
ze{0,1}™ ze{0,1}"

Here Q € R™*" is symmetric and encodes pairwise interactions, while ¢ € R™. Since z? = z, for binary variables,

the linear coefficients can be absorbed into the diagonal of @’. The constrained binary problem can also be written
in Ising variables s € {—1,1}" through s = 2z — 1:

min  s'Js+h's.

se{~1,1}n
This transformation allows QUBOs to be attacked by quantum annealing or variational algorithms such as QAOA
[1]. Although the QUBO and Ising representations are isomorphic, linear terms cannot be absorbed into the
diagonal of .J: because s? = 1, one has s' diag(h)s = ZZ h;, a constant. Hence the term h's must remain explicit;
misrepresenting it changes energy differences and may change the ground state.
One may distinguish problems with a natural QUBO form from constrained binary problems for which constraints
must be moved to the objective using penalty terms. The predominant approach for linearly constrained problems
is to penalize the quadratic violation of the constraints, often after introducing binary-encoded slack variables for
inequalities.
We show that, for this latter class, one should not be limited to quadratic penalties: the linear violation can
also be penalized. In mixed-integer and nonlinear programming this is the augmented Lagrangian method (ALM)
introduced by Powell and Hestenes [2,4], alternating primal minimization of the augmented Lagrangian with dual-
gradient updates of the multipliers. An augmented-Lagrangian QUBO variant was recently considered for the
quadratic knapsack problem on a quantum annealer [5]. We characterize penalty terms for general classes of
linearly constrained problems that preserve a QUBO form and illustrate them on max-k-cut and quadratic-knapsack
variants. We also develop alternative formulations for inequality violations that mitigate the large increase in binary
variables caused by standard slack encodings [3].
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We study optimal management of Battery Energy Storage Systems in intraday power mar- kets. A popular approach
is the so-called “rolling intrinsic” strategy, which optimises a determin- istic trading strategy against the available
intraday price quotes. This results in deterministic optimisation problems that are particularly easy to solve, but
the obtained “intrinsic value” misses the value of optionality of a battery, which may be significant in the face of
price uncer- tainty. We propose stochastic optimisation models that 1) allow for dynamic trading strategies that
may react to the arrival of new information on prices, etc., 2) can be solved efficiently using techniques of dynamic
programming and convex optimisation, and 3) outperform the determin- istic formulations, which are obtained as
special cases.
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Differentiating through parametric optimization problems is central to bilevel programming and meta-learning,
often accomplished using approximate implicit differentiation. The implicit function theorem requires inverting
a partial Jacobian of the optimality condition, which fails when there are many solutions. Nonetheless, in such
cases it is possible to relax invertibility to a strictly weaker uniform range condition, under which it is shown that
the minimal-norm solution mapping admits generalized derivatives by using a limiting Tikhonov regularization
argument and conservative set-valued field theory [1, 2]. With additional control on the eigenvalues of the general-
ized Hessians, a pseudoinverse formula is justified. This is established for a class of smooth convex objectives and
extended to nonsmooth composite problems. These assumptions are verified for Least-Squares, Huber regression
and LASSO. The resulting extension of nonsmooth implicit differentiation to ill-posed settings is examined exper-
imentally on data poisoning and data hypercleaning problems. A preprint is available on Arxiv, see [3].
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We study stochastic optimization problems in which a decision-maker can acquire partial information about un-
certainty before making operational decisions. Selecting what information to collect is combinatorial, and each se-
lection induces a different conditional stochastic optimization problem. This combination makes probing-enhanced
stochastic programs particularly challenging, because many closely related subproblems must be solved repeatedly
while exploring alternative information structures. We develop structural and algorithmic tools that exploit the
relationships among these information structures. First, we characterize probing decisions through the scenario
partitions they induce and derive dominance relations that identify redundant information sources and reduce the
effective search space. Second, we establish stability and solution-reuse properties under changes in the informa-
tion partition, allowing decisions computed for previously solved subproblems to be inherited or certified. Building
on these results, we propose an approximate information-relaxation branch-and-bound algorithm that combines
dominance-based pruning with a hierarchical evaluation of aggregated subproblems. Exact optimization is used
only when inherited solutions and progressively refined bounds cannot provide the required certificate. We apply
the framework to a multi-item capacitated lot-sizing problem in which demandrelated signals can be selectively
observed before setup and production decisions are made. Computational experiments show that dominance rules
reduce the average number of explored nodes by up to 47.6%. With a moderate approximation tolerance, only
16.2% of block subproblems require exact evaluation. The proposed method achieves runtime reductions exceed-
ing a factor of twenty while keeping gaps below 0.83%, and it produces feasible bounds for instances with up to
3,200 scenarios that the exact baseline generally cannot handle. A complementary analysis shows that the relative
operational gain from optimal probing reaches 45.13%, highlighting both the computational and managerial value
of selective information acquisition.
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Addressing infeasibility in non-cooperative games has become an important topic, as many problems across different
applications face this issue. We propose a new solution concept for generalized games with possibly infeasible
individual constraints. A solution is defined as the limit of a sequence of generalized Nash equilibria induced by
games with penalty terms relaxing the individual constraints. Existence is established for a broad range of games
and we provide conditions allowing to characterize a -penalized solution as a strategy profile maximizing every
player’s utility over all her penalty minimizing strategies. A variation of Divide-the-Dollar serves as an illustrative
example.
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We consider the problem of routing robotaxis, i.e., autonomous vehicles for taxi transportation, within in a city.
We assume that the city is divided into regions and that demand is organized in origin-destination markets.
We model the operations of robotaxis in this network under steady-state conditions and we aim to determine
optimal dispatching and repositioning strategies. In this model, robotaxis can be in one of four states: occupied
(transporting passengers), en-route to pickup, repositioning or idle. We assume that vehicle-passenger matching is
endogenous to the state of the system, i.e., in each region, the number of idle vehicles affects traveler’s waiting time
and thus service quality [1]. To model the relationship between trip demand and vehicle supply in each region, we
adopt the stock-based matching function from the transit systems literature which is based on the nearest idle vehicle
geometry, also known as the square-root law [2, 3]. We embed the stock-based matching function within a network
flow model to represent multi-region vehicle dispatching operations. This leads to a nonconvex mathematical
optimization formulation. We conduct a theoretical analysis of this mathematical optimization problem and derive
structural results. We characterize the relationship between each region’s idle stock and routing rates and study
under which conditions are markets served. To solve this mathematical optimization problem, we develop a spatial
branch-and-bound algorithm that exploits several convex relaxations. In particular, we identify a relaxation of the
matching function that is second-order cone representable [4] and is binding at the optimum. This allows us to
confine the nonconvexity to region-specific bilinear terms which can be handled through McCormick relaxations.
We report preliminary results on problem instances based on realistic urban transportation networks that illustrate
the impact of endogenous en-routes times onto system performance and service quality.
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Solving high-dimensional partial differential equations (PDEs) constitutes a core task in many engineering and
scientific disciplines. While classical methods such as the finite difference, finite element, or spectral element
method suffer from the curse of dimensionality, physics-informed neural networks and the deep Galerkin method
effectively leverage machine learning models to approximate solutions of known PDEs by minimizing residuals
corresponding to the PDE operator alongside external constraints. While second-order optimizers empirically
outperform their first-order counterparts in both speed and accuracy, the convergence theory for training such
models is essentially confined to gradient descent. In this paper, we close this gap and develop a convergence
analysis for the regularized Newton as well as Gauss-Newton method. As the number of hidden units tends to
infinity, the training dynamics converge in probability, with explicit rates, to the solution of a deterministic limit
equation involving the Newton neural tangent kernel associated with the PDE operator. Although the limiting
kernel admits no spectral gap, we prove that, in the overparameterized limit, the PDE residual vanishes as training
proceeds, and, under mild assumptions, the neural network converges to the PDE solution. We further show that,
provided a sufficiently small regularization parameter, the projection of the residual onto any fixed number of
leading eigenfunctions decays exponentially fast, demonstrating that this hyperparameter acts as a spectral filter:
it lifts the convergence rates of high-frequency components towards those of low-frequency ones, thereby mitigating
the spectral bias inherent in gradient descent. Mathematical challenges arise from the implicitly defined parameter
update, involving a potentially indefinite Hessian, and from the PDE operator entering the kernel.

Part of the parallel session: “Neural Network approximations and related techniques for high-dimensional PDEs
and Control Problems”.
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We develop a probabilistic model for free-floating car-sharing systems. Our goal is to characterize the macroscopic
behavior of the system and provide insights for optimizing vehicle distribution. In these systems, shared vehicles
occupy the same parking spaces as private cars. The availability of parking spaces across different zones of a
city depends on private cars, which are far more numerous than free-floating vehicles. The system dynamics are
described by a closed network of queues in which private and free-floating cars move among the same nodes,
representing city zones. Nodes have finite capacity, and saturation is handled through a blocking and rerouting
policy. The model accounts for spatial heterogeneity in both user demand and availability of parking spaces. We
show that these dynamics preserve the product-form structure of the invariant distribution. We identify, in this
setting, phase transitions between an overloaded regime where all nodes are saturated and underloaded regimes
with saturated and non-saturated nodes. Scaling limits and stochastic averaging methods are used to analyze the
behavior of the system when the capacity of the nodes is large. The analysis is performed when the average number
of private cars per zone increases linearly with capacity, while the number of free-floating cars remains of smaller
order.
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This work investigates a pricing competition framework among multiple Charging Stations (CSs). Each CS acts as
a strategic player aiming to maximize its profit by attracting Electric Vehicles (EVs) through personalized charging
offers. EV users select a CS based on both the proposed charging price and the travel distance to the station in order
to maximize their utility. CSs seek flexibility from EV users by encouraging delayed charging schedules, enabling
them to shift charging to periods of lower electricity prices. Accordingly, each EV is offered multiple charging
options, such as immediate or flexible charging, each associated with different prices. Therefore, EV users must
decide not only which charging station to visit but also which charging option to choose. To resolve situations in
which multiple charging stations provide the same utility to an EV, a ranking preference mechanism is introduced.
The resulting interaction is modeled as a game-theoretic framework, and the uniqueness of the equilibrium as well
as the convergence of the Best-Response Dynamics algorithm are analyzed.
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In this work, we introduce a static notion of differentiability for functionals defined on the space of positive
measures, based on the Wasserstein-Fisher-Rao geometry, which accounts simultaneously for mass transport and
mass creation or destruction [1, 2]. We establish general differentiability criteria and derive explicit formulas for
relevant classes of functionals, including expectations, cylindrical functions, and interaction energies. A key feature
of the resulting calculus is that differentiability along optimal Wasserstein-Fisher-Rao perturbations yields robust
first-order expansions along more general, non-optimal perturbations. On the space of probability measures, our
framework naturally connects with both Wasserstein differentiability and flat differentiability, providing a common
geometric perspective on these two classical notions. Finally, we show how this differential calculus can be used in
the optimal control of interacting particle systems with time-dependent weights, where both particle positions and
weights are dynamical variables.
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Semidefinite relaxations are among the strongest tools available for some difficult problems, but become costly as the
dimension grows. Cutting-plane methods address this bottleneck by starting from a cheaper outer approximation
and enforcing positive semidefiniteness progressively through valid inequalities. We place this strategy in a general
framework by normalizing positive semidefinite separators with a symmetric gauge, i.e., norms invariant under
permutations and sign changes of the coordinates. Given a symmetric matrix ~X and a gauge ¢, the resulting
separation problem admits the closed-form optimal value

min S=0 ¢(A(S))<1 (S, X)= —po(A=( X)),

where ¢ois the dual gauge and A—( ~X) is the negative spectral part. This approach extends and unifies cut
constructions that had previously appeared separately. The £1 gauge recovers the classical eigencut introduced by
Ramana [1] and later used with the reformulation-linearization technique by Sherali and Fraticelli [2]. Support
restrictions give the sparse eigencuts of Dey et al. [3], while the foogauge yields the nuclear cuts of Bertsimas and
Cory-Wright [4]. Beyond these special cases, within the ¢p norms, each 1 < p < ocodefines a new intermediate
cut. More generally, gauges can be designed to enforce properties such as low rank or restricted support, yielding
families with different tightness-cost trade-offs. We embed the oracle in a Kelley-type algorithm, prove convergence
to the semidefinite optimum, and test it on instances of box-constrained quadratic programming (BoxQP) and
sparse principal component analysis (sparse PCA).
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Primal-dual hybrid gradient (PDHG) and its variants [1] have proven to be efficient for solving large-scale linear
programs, thanks to the parallelism enabled by GPUs. Since integer flows can be modeled as linear programs, this
begs the question whether primal-dual methods are suitable for minimum cost flow problems. We assume multiple
similar instances need to be solved at the same time, as is common when training differentiable optimization layers,
and investigate the competitiveness of PDHG against specialized flow solvers. Prior work focused on using PDHG
for solving large multicommodity flow problems [2], but to the best of our knowledge, general minimum cost flow
problems have not been tackled before. We will use the problems posed in the 13th DIMACS challenge on network
flows as our benchmarksl. Since sparse matrix-vector products represent the main bottlenecks of PDHG, we aim
to accelerate these products by taking advantage of two special properties of the node-arc incidence matrix: there
are exactly two entries per column, and arcs can always be sorted according to their origin node, putting half of the
coefficients in a straightforward staircase structure. Handling multiple similar instances at the same time allows us
to use batching [3]: Sparse matrix-vector products become matrix-matrix products, which improves throughput.
Our preliminary results suggest that taking advantage of special properties of the incidence matrix alone does not
bring significant benefits, but they reveal other ways of speeding up existing PDHG implementations.
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Across transportation, communication, and graph-based physical systems, topology determines how traffic and
information flow and how physical components interact, thereby shaping systemlevel behavior and robustness.
Consequently, adding only a small number of edges can substantially alter graph-level outcomes. However, iden-
tifying effective edge additions is challenging: the candidate space grows quadratically with graph size, while the
objective is often accessible only through an expensive and non-differentiable black-box solver or simulator. Exist-
ing learningbased approaches mainly formulate edge selection as sequential reinforcement learning, often requiring
long training and scale-specific optimization. In this work, we propose Search-Supervised Transformer Edge Ad-
dition (SS-TEA), a unified Transformer framework for budgeted graph edge addition under black-box feedback.
SS-TEA captures global node dependencies through full self-attention and uses a masked query—key decoder to
score feasible nonedges, constructing a complete fixed-budget edge set from a single model forward pass. To train
the Transformer without evaluator gradients, high-quality edge sets discovered during search are converted into
supervision for the edge-selection policy. Extensive experiments demonstrate that SS-TEA achieves strong per-
formance with a small training budget and transfers directly from small to large graphs without retraining. The
same framework applies to both exposing solver vulnerabilities and improving network robustness, demonstrating
its cross-scale transferability and broad cross-task applicability.
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We study an exact global extremal problem on nonconvex equal-diagonal isospectral families of symmetric matrices.
Let A € R™"™ be symmetric with constant diagonal d, simple largest eigenvalue A, and remaining eigenvalues in
[a,b], where b < A. If v is a top eigenvector, an off-diagonal entry A;; is wrong-sign when A,;v;0;, < 0. For a
prescribed mean-d spectrum ¥ with simple maximum A, second-largest member b, and smallest member a, we
maximize |A;,| over the equal-diagonal isospectral fiber subject to vy(A) > 0 and A;, < 0. We determine the

supremum exactly. If b < d, no wrong-sign pair is feasible. If b > d, the optimal value is

(d—a)(b—d)(A—d)
Ta(Ara,b) = \/ N—a_brd , a+b<2d,

d—a, a+b>2d,

and the supremum is not attained under the strict positivity constraint. In the first regime, this value is strictly
below both classical interlacing caps, so the sign constraint yields a genuine improvement over sign-blind spectral
bounds. The upper bound follows from complementary positive-semidefinite spectral residuals, while global sharp-
ness is obtained using Schur—Horn realizations and diagonal-preserving deformations inside the isospectral fiber.
Fixing the dimension and optimizing the remaining spectral freedom gives a second exact extremal value and an
exact feasibility condition. For correlation matrices, the resulting constant is explicit in A,, Ay, and the dimension.
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Many learning and decision-making problems are solved in an environment that reacts to the decision itself: the
data distribution is not fixed, but is induced by the deployed decision. This is the setting of stochastic optimization
with decision-dependent distributions, also known as performative prediction, where a natural solution concept is
an equilibrium, i.e. a decision which is optimal for the distribution it generates [2]. In a real Hilbert space H, this
leads to the closed-loop monotone inclusion

find z € H : 0€ A(z) + B, (7).

where A is maximally monotone, Bm(x) = E&~m[B(x, £)] is cocoercive, and (mx)x€H is a family of probability
measures indexed by the decision x. Taking A = dg and B(x, £) = Vxf(x, £) recovers regularized stochastic op-
timization. This framework was introduced in [1], where firstand second-order dynamics are analysed through a
reformulation as a Lipschitz perturbation of a monotone inclusion. Building upon this framework, we introduce
second-order splitting dynamics [3] driven by a distributionally evaluated forward-backward operator. This ap-
proach is particularly efficient as it requires only forward evaluations of Bm and resolvents of A. Under a uniform
monotonicity assumption, the equilibrium exists and is unique. Furthermore, a vanishing viscous damping yields
strong convergence of the trajectories along with fast rates for the velocities, whereas a constant Polyak-type damp-
ing ensures global exponential convergence when the regularizing operator is strongly monotone.
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The energy transition is reflected in part by the modernization of distribution networks (DNs), which are evolving
toward a more active role in power system operations. These active distribution networks (ADNs) are characterized
by a high penetration of distributed energy resources (DERs), often of renewable sources, and a flexible network
topology enabled by remotely controlled switches. DERs can induce bidirectional power flows that may exacerbate
power losses, cause voltage violations, lead to line overloading, and affect frequency stability, among others. DNR
can be modelled as a mixed-integer nonlinear optimization problem that seeks a radial topology to minimize power
losses through switch operations. The proposed approach for DER integration using DNR combines blackbox
optimization (BBO) and a high-accuracy power flow solver for improved feasible topology identification. Its com-
putational burden is reduced by splitting the problem into continuous and binary formulations, solved respectively
by BBO and a heuristic combinatorial optimization algorithm adapted to the DN context. To account for uncer-
tainty in load demand and DER generation, the approach is formulated as a two-stage scenario-based stochastic
program minimizing expected day-ahead power losses. In the first stage, the heuristic explores the binary decision
space to identify a topology. Given this topology, the second stage solves a continuous BBO sub-problem for each
scenario, where DER generations provide the recourse to ensure the topology feasibility across all considered sce-
narios. Each scenario combines load demand and DER generation limits from the same hour, preserving temporal
correlation, and is derived from historical demand profiles and solar irradiance data. Spatial correlation is preserved
through scaling according to the test DN baseline values. To reduce the computational burden of the second stage,
scenario reduction is performed to identify representative clusters of similar scenarios. Inspired by multi-fidelity
optimization, the fidelity level is defined by the number of clusters considered and is gradually increased at each
iteration. One scenario is randomly sampled from each cluster. Combined with a reduced BBO evaluation budget,
it mitigates the computational effort in the early iterations. The proposed method is then evaluated on three DNs
of increasing size to assess its scalability.
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This study introduces a decision-epoch-based dynamic electric autonomous dial-a-ride problem (Dyn-EADARP),
in which incoming requests are collected and processed at periodic decision epochs. A key decision is not only
how to serve requests, but also when to dispatch them. At each decision epoch, the service provider decides which
requests to serve and which to postpone, while jointly determining vehicle routes, schedules, and charging decisions.
Unexecuted parts of existing plans can be revised as new information becomes available. To solve this problem,
we develop an ML-CO policy following the combinatorial optimization augmented machine learning (COAML)
framework, which combines a statistical model with a combinatorial optimization layer for decision making. The
statistical model predicts prizes for available requests, and a prize-collecting E-ADARP uses these prizes to jointly
determine request selection, routing, scheduling, and charging. The statistical model is trained directly to improve
the decisions produced by the optimization layer. Computational experiments on 320 test instances demonstrate
the efficiency of ML—-CO, which solves instances with nearly 500 requests in about 6 seconds on average. It achieves
9.8%-16.8% lower objective values than benchmark policies and an average gap of 4.8% to the anticipative reference.
The results provide several managerial insights. First, serving requests immediately is not always best, as selectively
postponing some requests can create better ride-sharing opportunities. Second, revising existing plans preserves
operational flexibility and substantially improves solution quality. Finally, more frequent decision making does not
necessarily improve performance, highlighting the importance of choosing an appropriate decision frequency.
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Since the early 2000s, real algebraic geometry found a new application in the moment- SoS hierarchy, a framework
that leverages Putinar’s Positivstellensatz to solve generalized moment problems (GMP). This methodology was
first applied to polynomial optimization, before finding new applications in optimal control, volume computation,
option pricing, stability analysis, study of stochastic processes, solving PDEs and super resolution, to name a
few. The moment-SoS hierarchy relies on positivity certificates, that consist in polynomial sums of squares of
bounded degree. Finding the maximum degree bound required to certify positivity of a given polynomial has been
an important research topic, to which a recent contribution, namely the Effective Putinar Positivstellensatz [1],
provided a promising answer. Based on this, it is possible to compute the convergence rate of the moment-SoS
hierarchy, depending on the considered GMP instance [2, 3]. In this talk, I will explain this new Effective Putinar
Positivstellensatz, and illustrate its application to computing the convergence rate of some key applications of the
moment-SoS hierarchy.
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When considering an optimal control problem, we say that two distinct extremals branch if, up to time translations,
they coincide on a subinterval. Our goal is to describe branching properties of optimal trajectories for a class of
optimal control problems with cost J(u) = [ |u|?dt, where u denotes the control. We consider nonlinear control
systems in R™, or more generally on a manifold M, with dynamics that are linear in the controls. By introducing
the endpoint map it is possible to rephrase the optimal control problem as a constrained minimization problem on
L? and deduce, as an application of the Lagrange multipliers rule, the existence of two classes of candidate optimal
trajectories: normal and abnormal extremals. Normal extremals are smooth and can be lifted to solutions of a
Hamiltonian system on T*M. Abnormal extremals do not depend on the particular choice of the cost and may
be nonsmooth. However, their presence must be taken into account since there exist optimal trajectories that are
strictly abnormal (i.e. they are not also normal).

In [1], it was proven that normal extremals can branch, and a characterization of the branching times was provided.
Our study involves a relevant class of smooth abnormal extremals for systems with two-dimensional controls, called
regular [2]. These extremals, analogously to normal ones, can be lifted to solutions of a Hamiltonian system on a
submanifold R C T*M. This allows to adapt the arguments of [1], obtaining a characterization of their branching
times which is formally analogous to the one given in [1] for normal extremals. We also discuss two cases in which
the branching curves are strictly abnormal; in one of them, we consider a reference path that is both normal and
regular abnormal, that splits at the same time into two distinct families of branching curves that are, respectively,
normal and regular abnormal, proving that the regular abnormal ones are also strictly abnormal.

Finally, we will discuss examples of extremals with an arbitrarily large number of branchings, possibly accumulating
at finite time.
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We study the small and large scale geometry of sub-Finsler metrics on Lie groups. A subFinsler distance can be
viewed as the value function of a minimum-time optimal control problem for a driftless system that is linear in
the controls. By two theorems of Mitchell and Pansu, under suitable hypotheses, both the tangent cone and the
asymptotic cone of Lie groups equipped with left-invariant sub-Finsler metrics are Carnot groups. In this talk, we
present quantitative estimates on the rate of convergence to these limiting spaces, obtained in [1].
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First-order methods are widely used in optimization and machine learning, and their behavior is often analyzed
through the spectrum of worst-case convergence rates. Obtaining such guarantees is often difficult, time-consuming,
and error-prone. Starting with the work of Drori and Teboulle (2014), novel techniques have been used to gain
numerical insights, leading to the release of various performance estimation (PE) software. In this talk, I will show
how various computer-aided techniques can be used to study firstorder optimization methods in a systematic way.
From performance estimation problems with automated Lyapunov discovery to symbolic regression and computer
algebra systems, novel tools completely reshape the way we approach the theory of optimization. As a main
example, I will focus on error feedback methods used with compressed communication in distributed optimization.
While error feedback has been widely studied, existing theory often provides non-tight, and thus unreliable, bounds.
I will present tight analyses with matching lower bounds [2, 1] that allow a fair comparison between error feedback
schemes and standard compressed gradient descent, and help explain when error feedback is useful and when it
is not. Overall, the talk aims to show how various computer-aided proofs can lead to clearer and more reliable
insights into first-order optimization methods.
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Performance estimation has put first-order optimization in a remarkable position: for many algorithms and problem
classes, we can now compute tight worst-case convergence rates and extract numerical certificates of optimality.
The harder question is no longer whether a proof exists, but whether it can be made simple. In many cases, the
available certificate is a sum-of- squares identity with coefficients so intricate that checking the algebra by hand is
itself a test of patience. This talk introduces several notions of proof complexity for first-order methods and asks
how they can be used to search for simpler proofs. The main idea is to exploit the proof structure of problems
in first-order optimization, together with heuristics inspired by sparse optimization, to turn numerical certificates
into short, interpretable arguments. We also discuss methods that automatically recover the simplest proof within
a chosen proof class, along with examples. The goal is to bridge the gap between computational proof discovery
and human- readable mathematics.
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GPU schedulers must allocate limited capacity among jobs with different deadlines and uncertain runtimes. Earlier
work has studied deadline-aware GPU scheduling [1] and robust use of runtime predictions in cluster scheduling
[2]. We examine how estimation error changes the performance of simple priority rules.

We simulate 80 jobs competing for four identical GPUs. Four non-preemptive rules use the same backfill procedure:
first-come-first-served, earliest-deadline-first (EDF), estimated slack, and buffered slack. For a waiting job j at time
¢, estimated slack is d; —t —r;, where d; is its deadline and r; its estimated runtime. Buffered slack instead uses

s;(t) =d; —t —r;exp(1.280,),

where o; specifies the simulated level of runtime-estimate error. Jobs with the smallest slack receive priority. We
compare the rules on paired synthetic job streams while varying arrival rate, deadline tightness, and multiplicative
estimation error.

Across 100 trials per setting, no rule dominates. Under heavy load with exact estimates, buffered slack missed 54.80
deadlines per trial versus 51.96 for EDF. Under medium load, tight deadlines, and high estimate noise, buffered
slack missed 38.54 versus 40.79 for EDF. A second set of 100 trials with a different random seed reproduced the
latter reversal.

These results illustrate how runtime-estimate uncertainty can change the performance of a priority rule. The
findings are limited to synthetic jobs and a specified error model; evaluation on measured GPU workloads remains
necessary.
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Least-squares residual minimization approximates a differential equation through an optimization problem. This
paper examines the implications needed to pass from stationary points and minimizing sequences of the residual
functional to the intended solution. Starting from classical range-adjoint geometry, we study how boundary
conditions and parameterized variations determine what can be inferred about the residual at a stationary point.
Smooth spurious critical points can occur even for well-posed problems; for linear equations, a compatibility
condition yields an exact projection characterization. For piecewise-smooth trial functions, we identify conditions
under which the mean gradient of the sampled loss differs from the continuous-loss gradient, including an explicit
example with identically vanishing sampled gradient and nonzero continuous derivative. We then examine two
further issues: for hyperbolic conservation laws, transonic minimizing sequences can lose regularity and force
parameter escape, while an exactly vanishing Hamilton—-Jacobi residual does not necessarily lead to the viscosity
solution. Favorable results for a viscous model and uniformly convex Monge—Ampére critical points identify
conditions that restore the corresponding implications. Together, these results distinguish the roles of stationarity,
sampling, compactness, and solution admissibility in interpreting residual minimization, with particular relevance
to physics-informed neural networks.
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In this talk, we study Pontryagin-type optimality conditions for optimal control problems of non-local continuity
equations over the Wasserstein space P5(R?). Whenever the underlying data is smooth, the theory for addressing
these problems is well-established in the literature. However, the class of smooth maps over P, (R?) is rather scarce.
In fact, even the squared Wasserstein distance fails to be smooth unless strong assumptions are imposed on the
measures.

We overcome this difficulty by introducing a new map-based subdifferential on P, (R?), in the spirit of Clarke’s
subdifferential in Banach spaces. Using this new object, we establish a Pontryagin maximum principle for state-
constrained control problems in which both the cost and constraint functionals are only locally Lipschitz.
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In this talk, we study free-terminal-time optimal control problems for non-local continuity equations over the
Wasserstein space (P5(R?)). Although Pontryagin’s maximum principle and dynamic programming provide com-
plementary descriptions of optimal trajectories, connecting them through sensitivity relations is delicate in this
setting. In particular, the value function is generally nonsmooth, and subgradients computed at different proba-
bility measures belong to different L? spaces. Under a Petrov-type condition on the terminal target, we obtain a
quantitative steering estimate and prove local Lipschitz continuity of the value function around an optimal tra-
jectory. We then adapt the classical auxiliary-problem approach to the Wasserstein framework and establish the
existence of a Pontryagin coextremal satisfying both full time-measure and partial measure sensitivity relations.
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Overparameterization is a defining feature of modern machine learning, but understanding how it affects the
dynamics and implicit regularization of Stochastic Gradient Descent (SGD) remains a major challenge. In this
talk, we study a tractable form of overparameterization arising from symmetries: different parameter values can
represent the same function, and the corresponding transformations of the parameters can be described by an
isometric group action. Such symmetries appear naturally in modern architectures, including transformers. We
will first present recent work, published at COLT 2026 [1], in which we model SGD for functions with such
symmetries by a continuous-time Langevin dynamics whose noise covariance is given by the orthogonal projection
onto the normal space to the group orbit. Thus, the noise acts only in directions that modify the represented
function, while directions tangent to the orbit corresponding to different parameterizations of the same function
are not affected. We show that, when the initial and target distributions are invariant under the group action,
this apparently anisotropic Langevin dynamics is equivalent in law to standard Langevin dynamics with isotropic
noise, but with an additional drift term given by the gradient of the negative logarithm of the volume of the group
orbit. In other words, the geometry of the parameter space itself induces an implicit regularization: the dynamics
is biased towards regions where the symmetry orbits have smaller volume. We establish this result by coupling
the dynamics with an auxiliary stochastic process evolving on the group, and identify the additional drift with the
mean curvature of the group orbits. We will then turn to ongoing work on overparameterized matrix sensing, a
classical toy model for non-convex learning. Here, a more refined description of the SGD noise reveals a strong
numerical bias towards low-rank solutions. Interestingly, unlike the low-rank bias observed in gradient flow, this
effect persists even when the initialization is not close to zero. Finally, we will discuss a broader question: how do
different sources of overparameterization interact? In particular, can the geometric overparameterization induced
by symmetries interact with the more familiar notion of having more parameters than training examples, and
together explain some of the implicit regularization observed in SGD?
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Screening is a technique introduced in [1], which leverages optimality conditions of a nonsmooth convex optimization
problem to retrieve sparsity in features or samples. Most existing works are using non smooth objectives to
guarantee null variables (via the loss for sample elimination [3] or on the penalty for feature sparsity [2] or both [4]).
Safe screening based on duality gap bounds allows one to test during the training phase for relevance of optimization
variables. In the context of reproducing kernel Hilbert spaces (RKHS), where the number of optimization variables
is equal the number of samples, screening is a good way to relax the optimization problem on the go and reduce the
problem’s dimensions while being solved. However actual safe screening method that ensure nullity of optimization
variables heavily rely on non smoothness. Given the same tools but with a smooth objective, we introduce here
a way to screen variables that are not null but rather lie in a small interval near zero at the optimum. We place
ourselves in the context of an RKHS H, a differentiable strictly convex loss and L? regularization. Finding the
solution h* € H of the primal optimization is equivalent to finding the solution a* € R™ of the dual problem. A
coordinate 7 for which a = 0 means that the i-th sample is irrelevant for the optimization problem and can be
taken out. Applying standard safe screening tools, we provide sufficient conditions on any primal-dual candidate
(h, @), which ensures that |af| < . After a coordinate has been screened one has two possibilities: (i) set &; to
zero which induces sparsity on the estimator and results in some d-approximation of the real solution o* or (ii)
leave the i-th coordinate as is and stop updating it with the optimization algorithm. Both solutions unburden the
solver’s next steps as one relaxed the problem to smaller dimensions.
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Due to properties of the model parametrization or of the loss, many machine learning problems can be reformulated
as the minimization of a composition of functions, L = L og, where g is said to factorize the original objective
function L. While such optimization problems are usually addressed in the domain of the original objective L,
refereed to as the parameter space, we investigate the opportunities offered by a modification of the optimization
domain using a change of variable with g, which also translates as the intent of optimizing the function L on the
range of g rather than L on the parameter space. For an arbitrary g, we connect this approach with differential
geometry through the Riemannian gradient of L on the manifold of the image of g, and identify the associated
update of parameters as a preconditioned version of gradient descent, which, even for non-injective g as in the
context of a quotient manifold, is associated with a well-defined Riemannian metric on the parameter space [1,
2]. While the computational challenges associated with such approaches are known in the literature namely, the
computation of the preconditioner via the inverse of a large matrix S and its application to the usual gradient
vector we show that the change of variable viewpoint offers a fresh perspective and opens new computational
approaches. Indeed, it naturally allows direct approximation of S—1 via a criterion whose minimization can be
performed without ever computing S—1 or any inverse, and points out new easy-to-apply preconditioners that
exploit the linear invariances of the original objective function. We illustrate the consequences of the approach on
optimization problems involving ReLU networks and their rescaling symmetries [3, 4].

References
[1] Boumal, Nicolas, An introduction to optimization on smooth manifolds, Cambridge University Press (2023)

[2] Ollivier, Yann, Riemannian metrics for neural networks I: feedforward networks, Information and Inference: A
Journal of the IMA (2015)

[3] Marco Armenta and Thierry Judge and Nathan Painchaud and Youssef Skandarani and Carl Lemaire and Gabriel
Gibeau Sanchez and Philippe Spino and Pierre-Marc Jodoin, Neural Teleportation, Mathematics (2023)

[4] Bo Zhao and Nima Dehmamy and Robin Walters and Rose Yu, Symmetry Teleportation for Accelerated
Optimization, Advances in Neural Information Processing Systems (2022)

159



PGMODAYS 2026 Invited and contributed talks

‘ Session 10B: Thoughts on multi-objective optimization Room: Lise Meitner (A1.116) ‘

What is the Objective? Investigating Design Decisions in Continuous
Multi-Objective Optimization

Diederick Vermetten

Sorbonne Université, CNRS, LIP6
diederick.vermetten@lip6.fr

Keywords: Multi-Objective Optimization, Algorithmic Bias, Performance Evaluation, Restarts

The structure of an optimization problem determines what methods can be used to solve it. One key distinction
arises immediately at problem formulation: is there a single objective function, or are there multiple? Since this
choice determines whether a complete ordering exists between potential solutions, it influences all subsequent
algorithm design choices. As a result, multi-objective optimization is often analyzed as its own subdomain, with
its own set of practices, which can diverge from those present in the single-objective setting. One key difference
between the settings lies in how we analyze the performance of an algorithm. When dealing with multiple objectives,
we need to judge not just a single point, but rather a set of tradeoff solutions. This means that concepts like a
best-so-far solution require some changes to translate. In the talk, we will showcase how we tackle this in the
IOHinspector framework [2], making use of an unbounded archive to regain monotonicity for anytime analysis.
Next, we will discuss how the design of benchmark problems, with a focus on the structure of the objective space,
can lead to potential bias in the way multi-objective optimization algorithms are designed. By placing the focus
only on the objective space, the characteristics of the search space risk being ignored, resulting in characteristics
which can (unintentionally) be exploited by common, but biased, mutation operators [1]. We will finally zoom
in on algorithm restarts. While these are considered natural in singleobjective optimization, most multi-objective
optimizers opt to exclude them. This can in part be explained by the more exploratory focus induced by the
tradeoff solutions present in the population. However, through a set of experiments we illustrate that even these
methods can benefit from independent restarts when faced with sufficiently challenging multi-modal problems.
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In smooth convex optimization, the gradient norm is a directly observable measure of stationarity. Accelerating a
first-order method that minimizes the gradient norm is known to be more delicate than accelerating the minimiza-
tion of function values. Optimal accelerated methods such as OGM-G [1] exist for any prescribed finite horizon,
but their coefficients depend explicitly on that horizon, i.e. on the number of iterations. We ask what kind of
acceleration remains possible when the stopping horizon is unknown to the method, i.e. for horizon-independent
methods. Diakonikolas and Wang [2] conjectured that, for any nonadaptive horizon-independent linear-span first-
order method, an (N ~!) lower bound on the squared gradient norm must hold at every horizon N. Recent work
[3] proves such a pointwise obstruction for the more restricted class of nonadaptive gradient descent with positive
stepsizes, supporting this conjecture. We show, however, that the conjecture is false for the broader linear-span
class: a single horizon-independent method can achieve near-N—2 last-iterate guarantees on a density-one set of
horizons. What remains true is that an Q(N~!) lower bound must occur infinitely often. More precisely, if G y(A)
denotes the bound on the squared gradient norm after N iterations for a method A, we prove that any method
in the class satisfies limsup,, , NGy(A) > 1/2. This bound is sharp: the constant 1/2 is exactly attained by
the horizon-independent gradient-descent schedule of [4]. We further show that the two extreme behaviors cannot

coexist for the same method: if the bound for method A satisfies G N, (A) = o(N; ) along some subsequence, then

we also necessarily have limsup, NG n(A) = co. Thus, horizon independence does not rule out acceleration at
almost every horizon, but it prevents uniformly accelerated last iterates. In contrast, best-so-far output admits a
uniform O(N~2) guarantee.
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We introduce two primal-dual algorithms for nonconvex-nonconcave nonsmooth saddle point problems (NC-SPP)
characterized by the weak Minty Variational Inequality (MVI) [3]. The first, Nonconvex-Nonconcave Primal-
Dual Hybrid Gradient (NC-PDHG), extends the PrimalDual Hybrid Gradient (PDHG) method [2]. The second,
Nonconvex-Nonconcave Stochastic Primal-Dual Hybrid Gradient (NC-SPDHG), incorporates a randomly extrap-
olated primal-dual coordinate descent approach, extending the Stochastic PDHG (SPDHG) algorithm [1]. To our
knowledge, designing a coordinate-based algorithm for NC-SPP is unprecedented, and proving its convergence
posed significant difficulties. This challenge motivated us to utilize PEPit [5], a Python-based tool for computer-
assisted worst-case analysis of first-order optimization methods. By integrating PEPit with automated Lyapunov
function techniques [4], we successfully derived the NC-SPDHG algorithm. Both methods converge under a mild
condition on the weak MVI parameter, using constant, problem-adapted step sizes. Experiments on sigmoid re-
gression with squared loss and perceptron regression confirm our theory and outperform state-of-theart methods,
where linear convergence is observed. Additionally, we conduct a convex-concave least-squares experiment to show
that NC-SPDHG performs competitively with SAGA, a leading algorithm in the smooth convex setting.
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Network design is classically performed offline, before the network starts operating. This is restrictive when the
environment is stochastic and evolves during operation: a transport network, a communication network, or a
service system may benefit from adapting its topology to requests and costs that are only progressively revealed.
We introduce the problem of online design of dynamic networks: the network itself is a decision variable that
evolves over time, rather than a fixed infrastructure over which online routing decisions are subsequently made
[1]. We represent the evolving network as a time-expanded graph built over a fixed substrate graph. A stochastic
environment generates requests that have to be routed on the graph being constructed. Network modifications are
formulated as an impulsive control strategy: at each intervention, the controller selects which time-expanded edge
to add and when it should become active. Under natural assumptions, we prove that optimal interventions can
be restricted to specific discrete decision epochs. This reduces the continuous-time control problem to a Markov
decision process, while retaining the temporal structure needed to route requests over the evolving network. The
resulting state-action space is nevertheless combinatorial: every decision opens many possible future construction
trajectories. Moreover, some parts of the network must be committed in advance so that users or routing algorithms
can plan future paths. We address these two difficulties with a rolling-horizon method based on Monte Carlo Tree
Search (MCTS). Search is guided by a neural-network policy learned by imitation from a limited set of exemplary
network evolutions, while a prediction model simulates future environmental dynamics. The learned policy guides
MCTS toward promising network structures, while MCTS still determines the online control decisions. We illustrate
the approach on dynamic public transport. Instead of extending each vehicle trajectory independently, as in
dynamic vehicle-routing methods [2], the controller constructs a structured network of bus lines on the fly, allowing
passenger journeys that include transfers between lines. Experiments driven by real New York City trip requests
show that this network-wide structure nearly doubles the service rate relative to a state-of-the-art high-capacity
ride-sharing method under comparable operating conditions. Comparisons with static bus-network design also
show the value of adapting the network online. Additional case studies on evolvable complex systems and the
k-server problem demonstrate that the formulation is not transport-specific. The work thus connects stochastic
optimal control, combinatorial search, and learning to make network topology an online operational decision.
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Partial differential equations (PDEs) play a crucial role in financial mathematics, particularly in portfolio optimiza-
tion, and solving them using classical numerical or neural network methods has always posed significant challenges.
Here, we investigate the potential role of quantum circuits for solving PDEs. We design a parameterized quantum
circuit (PQC) for implementing a polynomial based on tensor rank decomposition, reducing the quantum resource
complexity from exponential to polynomial when the corresponding tensor rank is moderate. Building on this
circuit, we develop a Quantum Physics-Informed Neural Network (QPINN) [1] and a Quantuminspired PINN,
both of which guarantee the existence of an approximation of the PDE solution, and this approximation can be
represented as a polynomial that incorporates tensor rank decomposition. Numerical experiments are conducted
on the Hamilton-Jacobi-Bellman (HJB) PDE arising from the Merton portfolio optimization problem [2], which
determines the optimal investment fraction between a risky and a risk-free asset. Unlike static quantum portfolio
optimization [3], our QPINN approximates a continuous-time value function, enabling repeated evaluation and
strategy recovery from its derivatives without retraining. The results show that our quantum models achieve lower
losses and approximation errors than a classical fully connected PINN while using substantially fewer trainable
parameters. Our quantum models further outperform a classical PINN constructed to share a similar inductive
bias, providing experimental evidence of quantum-induced improvement in the tested settings and highlighting
a resourceefficient pathway toward classical and near-term quantum solvers for PDEs with exploitable solution
structure.
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We provide quantitative estimates on the long-time behavior of the optimal particle system associated with a
mean-field control problem. Our analysis covers both displacement and flat convex settings, and extends to flat
semiconvex regimes in which the concave part is absorbed by heat dissipation. Combining the modulated free
energy method with functional inequalities on N-particle configurations, we compare arbitrary particle flows to
their mean-field counterpart, obtaining a uniform-in-time propagation of chaos, as well as a turnpike estimate
around the mean-field ergodic state up to an approximation error.
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This work studies and develops projection-free algorithms for online learning with linear optimization oracles (a.k.a.
Frank—Wolfe) for handling the constraint set, and for convex loss functions. More precisely, this work (i) shows how
to exploit semidefinite programming to jointly design and analyze online Frank—Wolfe-type algorithms numerically
in a variety of settings, (ii) leverages those design techniques to propose an improved (optimized) variant of an
online Frank—Wolfe algorithm along with its conceptually simple potential-based proof, and (iii) extends this proof
to its anytime version, which benefits from a similar O(T3/4) regret rate without requiring knowledge of the time
horizon T in advance. We are not aware of other direct regret guarantees for an anytime version of online Frank-
Wolfe without using the classical doubling trick. Based on the semidefinite technique, we conclude with strong
numerical evidence suggesting that no pure online Frank—Wolfe algorithm within our model class can have a regret
guarantee better than O(T/*) without additional assumptions, that the current algorithms do not have optimal
constants, and that multiple linear optimization rounds do not generally help to obtain better regret bounds.
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This talk discusses quantum approaches to multi-objective optimization. Current literature on the topic is relatively
sparse and can be loosely structured around three lines of research. The first one focuses on sampling the solutions
of scalarized single-objective reformulations of the problem. From the quantum computing perspective, such
approaches include both gate- based (with [5] being a prominent example) and annealing-based algorithms [1,
4]. The second line of work adapts variational algorithms, most notably Quantum Approximate Optimization
Algorithm (QAOA), to multi-objective setting, for example, [3, 6]. Finally, there are approaches relying on Grover’s
search subroutine, such as [2]. We outline the key algorithms present in the literature and discuss their advantages
and limitations. To highlight the resulting computational dynamics, we consider a few numerical examples of
multi-objective problem instances and discuss possible approaches to sampling locally- and globally-nondominated
solutions.
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This talk explores the potential, strategies, and challenges of high-frequency algorithmic trading in continuous
intraday power markets. We examine key market characteristics and explore the design of profitable high-frequency
trading strategies. Additionally, we discuss the opportunities for multi-market trading, integrating the intraday
market with ancillary service markets.
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Gas-insulated substations (GIS) are critical components of power transmission systems and require recurrent sulfur
hexafluoride refilling to preserve dielectric integrity. Scheduling maintenance interventions independently at their
predicted execution dates can lead to fragmented plans, repeated crew dispatches, and high coordination costs.
We propose a profit-maximization framework for consolidating predictive maintenance tasks across GIS compart-
ments. The approach combines physics-informed pressure degradation models with an integer linear programming
formulation, allowing tasks to be shifted within pressure-based safety windows subject to daily capacity limits.
The objective balances dispatch-cost savings from task consolidation against asymmetric time-shift penalties, with
delays penalized more heavily than advances. The computational study compares three strategies: M1, a cluster-
minimization strategy developed in our previous work [1]; M2, the proposed profit-maximization model; and M3, a
fixedday greedy heuristic. A sliding-window procedure extends the optimization over long planning horizons while
preserving feasible task spacing. Results show that M1 reduces the number of maintenance groups by 30-60% but
incurs substantial time-shift penalties, whereas M2 achieves the lowest total cost, reducing it by 50-70% relative to
M1 and by 12-22% relative to M3. M3 offers competitive cost performance with lower computational complexity
but requires more maintenance groups. Sensitivity analysis identifies setup-dominated, penalty-constrained, and
saturation regimes, highlighting the trade-off between task consolidation, scheduling flexibility, and operational
cost.
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Chance constraints are widely used in optimization under uncertainty. This paper aims to show the eventual
convexity (EV) of chance constraints with skewed generalized hyperbolic (GH) random variables. We prove that
the densities of GH distributions are a-decreasing, and obtain exact convex reformulations for separable jointly
chance constraints with GH distributions. We provide numerical results to compute the a-decreasing threshold
parameters and show the EV of the feasible set together with the computational tractability to solve the associated
optimization problems.
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Reliability-based design optimization requires accurate first- and second-order derivatives of the failure probability
to construct the gradient and Hessian of the Lagrangian. For computationally expensive implicit limit-state models,
finite-difference estimation is often impractical because each perturbation requires an additional reliability analysis.
Moreover, first-order reliability approximations may be insufficient for strongly nonlinear limit states [1]. This work
derives analytical gradient and Hessian of the failure probability within a second-order reliability framework based
on the Gram-Charlier A series. All sensitivities are obtained from a single search for the most probable failure point
(MPP). For implicit limit-state functions, a quasi-Newton approximation of the limit-state Hessian is recovered
from the search trajectory without additional model evaluations. Numerical examples demonstrate close agreement
with Monte Carlo (MC) [2] reference results and a substantial reduction in computational effort compared with
second-order reliability analysis using finite-difference sensitivities.
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Recent mathematical runtime analyses have shown that the crowding distance used by the NSGA-II multi-objective
optimizer does not well reflect how isolated, and hence worth keeping, solutions are. This has provably led to
drastic difficulties when the number of objectives is three or more. Based on the insights of these works, we design
a variant of the crowding distance, called truthful crowding distance, and analyze the resulting truthful NSGA-II
with mathematical means. (i) We show that it solves the many-objective versions of the OMM, COCZ, LOTZ, and
0JZJk problems in the same (polynomial) asymptotic runtimes as the NSGA-IIT and the SMS-EMOA, contrasting
the exponential lower bounds for the classic NSGA-II. (ii) For the biobjective versions of these problems, our
NSGA-II maintains the good performance of the classic NSGA-II, but is successful already with population sizes
smaller by a constant factor. (iii) For the bi-objective OMM problem, we observe a (minimally) better performance
in approximating the Pareto front. These results indicate that our truthful crowding distance is an interesting
alternative to the classic crowding distance. This work is part of the PGMO-funded project From Mathematical
Runtime Analyses to Better Evolutionary Multi-Objective Optimizers (PI: Benjamin Doerr).
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