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Welcome

Dear Participant,

As the President of SEIO, it is my great pleasure to welcome you to SYSORM, our youngest and
most vibrant gathering of emerging researchers. Now in its fifth edition, the meeting continues
to foster a collaborative community of talented young researchers in Statistics and Operations
Research, building on the success of previous editions held in Granada (2017), El Escorial (2019),
Elche (2022), and Santiago de Compostela (2024).

SEIO is the Spanish society dedicated to the advancement of Statistics and Operations Research,
and to fostering the development of their methods and applications in the service to the wider
community. With more than 900 members in Spain and around the world, SEIO actively par-
ticipates in world-wide international activities, being a member of leading organizations such as
EURO, FENStatS, ISI, EMS, ALIO, IFORS, and CIMPA, and maintaining collaborations with
the IMS, as well as sister societies in Portugal and Latin America.

SEIO disseminates knowledge through its official journals TEST and TOP, its magazine BEIO,
co-edited book series, conferences and workshops. SEIO promotes social outreach and statistical
literacy, managing a YouTube channel featuring short videos for the public alongside research
and thematic seminars. The society’s Statistical Literacy Manifesto, launched in 2024, encour-
ages informed decision-making and critical thinking, and has been endorsed by more than 50
national and international entities.

SEIO supports education at all levels, from secondary school competitions to international ini-
tiatives, inspiring students’ curiosity and interest in Statistics and Operations Research. SEIO
fosters equity, diversity, and inclusion, particularly through its Women’s Committee, which en-
hances the visibility and career progression of women in Statistics, Operations Research, and
Data Science. In addition, 22 Working Groups organise specialised activities and promote in-
ternational collaboration and knowledge sharing across these disciplines.

This year has been particularly important for SEIO, as we have updated our statutes to reflect
the evolving times, adopting inclusive and contemporary language, and explicitly embracing
Data Science as one of our core disciplines. Starting from June 2025, SEIO stands for the Span-
ish Society of Statistics, Operations Research and Data Science.

Statistics and Operations Research develop and thrive by addressing real-world challenges. To-
day, the greatest opportunities lie in collaboration across disciplines to tackle the complex prob-
lems of our time. By combining expertise from Statistics, Operations Research, and Data
Science, we can push the boundaries of data-driven learning and discovery, while respecting the
unique identity and core principles of each field.

This meeting celebrates this spirit of innovation and collaboration. It brings together talented
young researchers to explore, learn, and shape the future of these disciplines. We are excited



to see the ideas, connections, and collaborations that will emerge—so be curious, be bold, and
enjoy this experience!

Warm regards,
Lola Martinez Miranda
President of SEIO
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Program

The program of the 5th Spanish Young Statisticians and Operational Researchers Meeting
(SYSORM 2025) comprises both scientific and social activities distributed over the three days
of the conference (November 5-7, 2025).

Scientific program

The scientific program of the 5th SYSORM aims to support the training of young researchers
through the insights of distinguished experts in the fields of Statistics and Operations Research,
while promoting interaction and knowledge exchange across these disciplines. The meeting will
only have a continuous session including the following activities:

e 4 plenary talks.
e 2 sponsor sessions.

e 32 contributed talks.

Plenary sessions last one hour, sponsor sessions thirty minutes, and contributed talks are ar-
ranged in eight sessions of twenty-five minutes per speaker. To encourage thematic diversity and
foster interaction between Statistics and Operations Research, the contributed sessions have been
designed to balance presentations from both areas or their intersection.

All plenary talks, sponsor presentations and contributed sessions, as well as coffee breaks, will
take place at IMUS facilities.

Social program

The social program of the 5th SYSORM is intended to encourage networking and informal
exchange among participants, and includes the following events:

e Welcome cocktail at “El Cabildo” restaurant.
¢ Guided tour of the Real Alcizar of Seville.

e Gala dinner at “El 29” restaurant.

Schedule

The detailed schedule for the three-day conference is presented in the following tables, where
the color code below is used to indicate the thematic area of each contributed presentation:

Operational Research

Statistics

Statistics and Operational Research

vii



Wednesday 5

El Cabildo

08:15 - 09:00 Registration
09:00 - 09:30 Opening
=
09:30 - 10:30 Plenary 1 Zic
RO (Rosa E. Lillo) Sl
=0
10:30 - 11:00 Coffee break
11:00 - 11:25 Camacho Moro, Jesus
11:25 - 11:50 Martin-Chavez, Pedro
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Our stochastic journey with the network scale-up method

Rosa E. Lillo}2 ® | Sergio Diaz-Aranda?®, Juan M. Ramirez?, José Aguilar® and Antonio
Ferndndez-Anta*
!Department of Statistics, Universidad Carlos III de Madrid, Spain; 2UC3M-Santander Big Data,

Institute, Universidad Carlos III de Madrid, Spain; 3IMDEA Networks Institute, Madrid, Spain;
4IMDEA Software Institute, Madrid, Spain

rosaelvira.lillo@uc3m.es

Rosa E. Lillo is a Full Professor of Statistics and Operations Research at Universidad Carlos
IIT de Madrid (UC3M), director of the UC3M-Santander Big Data Institute, and head of

the ENIA Chair: Almpulsa.

Network scale-up methods (NSUM) esti-
mate the prevalence or size of population
groups from aggregated relational data (ARD)
counting of how many contacts a respondent
reports in specified categories during a survey
(see [4]). By relying on indirect reports rather
than personal disclosure, NSUM has become a
key tool for studying sensitive or hard-to-reach
populations, including sex workers, people who
use drugs, those who have had abortions, peo-
ple with HIV or COVID-19, and even illicit net-
works.

Since our initial encounter with NSUM
through the CoronaSurveys initiative (corona-
surveys.org), we have used it as a cost-effective
instrument for real-time inference in pandemic
monitoring, voting intentions, and caregiving
dynamics. Beyond these practical uses, our

References

contributions, pivoting between stochastic pro-
cesses, probability, and statistics, are threefold:
(i) probabilistic bounds for prediction errors
that apply broadly across NSUM estimators
are derived [3]; (ii) the performance of well-
known estimators in realistic simulation studies
that incorporate plausible network topologies
is evaluated [1]; and (iii) robust NSUM esti-
mators that reduce bias in indirect surveys are
proposed [2]. The goal of the talk is to present
the practical-theoretical view of NSUM, high-
lighting its versatility and its potential to ad-
dress complex societal questions while outlin-
ing stimulating challenges for the statistical
community.

Keywords: aggregated relational data; hidden
population; network scale-up method; robust
estimators; stochastic bounds.

[1] S. Diaz-Aranda, J. Aguilar, J.M. Ramirez, D. Rabanedo, A. Ferndndez-Anta, and R.E. Lillo. Per-

formance analysis of NSUM estimators in social-network topologies.

The American Statistician,

79(2):247-264, 2024. doi:10.1080/00031305.2024.2421361.

[2] S. Diaz-Aranda, J.M. Ramirez, J. Aguilar, R.E. Lillo, and A. Ferndndez-Anta. Robust network scale-
up method estimators. Social Networks, 84:46—61, 2026. doi:10.1016/j.socnet.2025.08.002.

[3] S. Diaz-Aranda, J.M Ramirez, M. Daga, J.P. Champati, J Aguilar, R.E. Lillo, and A. Ferndndez Anta.
Error bounds for the network scale-up method. In Proceedings of the 31st ACM SIGKDD Conference
on Knowledge Discovery and Data Mining (KDD ’25), Toronto, ON, Canada, 2025. Association for
Computing Machinery. doi:10.1145/3711896.3736940.

[4] I. Laga, L. Bao, and X. Niu. Thirty years of the network scale-up method. Journal of the American
Statistical Association, 116(535):1548-1559, 2021. doi:10.1080/01621459.2021.1935267.
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https://doi.org/10.1145/3711896.3736940
https://doi.org/10.1080/01621459.2021.1935267
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A Bayesian decision-theoretic framework for privacy

Christian P.

Robert!2 &9

'CEREMADE, Université Paris Dauphine, PSL, France; 2Department of Statistics, University of
Warwick, United Kingdom

xian@ceremade.dauphine.fr

Christian P. Robert is Professor at CEREMADE, Université Paris-Dauphine and at the Uni-
versity of Warwick, Department of Statistics, UK. He is also a 2023-2029 ERC Synergy
awardee member for the OCEAN project and a Paris School of AI chair since 2019. He
has been the Editor of the Journal of the Royal Statistical Society (Series B, Statistical
Methodology) and a Deputy-Editor for the journal Biometrika. He was President of the
International Society for Bayesian Analysis (ISBA) in 2008 and is a Fellow of the RSS,
the IMS, the ISBA and the ASA. His reseach interests cover Bayesian statistics (deci-
sion theory, model choice, foundations, objective Bayesian methodology), Computational
statistics (Monte Carlo methodology, MCMC methods, sequential importance sampling,
approximate Bayesian computation (ABC), convergence diagnoses) and Latent variable
models (mixtures, hidden Markov models). He has written a dozen books and more than

200 articles in these domains.

While several results in the literature (e.g.,
[1], [4]) demonstrate that Bayesian inference
approximated by MCMC output can achieve
differential privacy ([2]) with zero or lim-
ited impact on the ensuing posterior, we re-
assess this perspective via an alternate “exact”
MCMC perturbation inspired from [3] within
a federated learning setting. Since the ensuing
privacy criterion is mostly related to a slowing-
down of MCMC convergence rather than a

References

generic gain in protecting data privacy, we pro-
pose an alternative decision-theoretic frame-
work that accommodates more realistic privacy
constraints.

This is a joint and on-going work with
Joshua Bon, Judith Rousseau, and Julien
Stoehr.

Keywords: Bayesian decision theory; Bayesian
inference; computational methods; differential
privacy; MCMC methods.

[1] C. Dimitrakakis, B. Nelson, Z. Zhang, A. Mitrokotsa, and B.I.P. Rubinstein. Differential privacy for

Bayesian inference through posterior sampling.

2017. URL: http://jmlr.org/papers/vi8/15-

Journal of Machine Learning Research, 18(11):1-39,
257 .html.

In 83rd International conference on Automata, Languages and

[2] C. Dwork. Differential privacy.
Programming, pages 1-12. Springer, 2006. URL: https://link.springer.com/chapter/10.1007/
11787006_1.

[3] G.K. Nicholls, C. Fox, and A.M. Watt. Coupled MCMC with a randomized acceptance probability,
2012. URL: https://arxiv.org/abs/1205.6857, arXiv:1205.6857.

(4]

Bayesian inference.

W. Zhang and R. Zhang. DP-fast MH: Private, fast, and accurate Metropolis-Hastings for large-scale
In Andreas Krause, Emma Brunskill, Kyunghyun Cho, Barbara Engelhardt,

Sivan Sabato, and Jonathan Scarlett, editors, Proceedings of the 40th International Conference on

Machine Learning, volume 202 of Proceedings

of Machine Learning Research, pages 41847-41860.

PMLR, 23-29 Jul 2023. URL: https://proceedings.mlr.press/v202/zhang23aw.html.
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https://arxiv.org/abs/1205.6857
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Robust and stochastic facility location: an overview

Francisco Saldanha-da-Gamal!

(=)

1Sheffield University Management School, United Kingdom

francisco.saldanha-da-gama@sheffield.ac.uk

Francisco Saldanha-da-Gama is Chair of Supply Chain Management at Sheffield University
Management School (UK). His research interests include Operations Research, Supply
Chain Management, Logistics, Decision-Making under Uncertainty, Facility Location, and
Project Scheduling. He is the Editor-in-Chief of Computers & Operations Research, and
a member of the Editorial Advisory Board of several other journals.

A discrete facility location problem is a
classical example of a network design and opti-
mization problem. This is a problem that con-
sists of determining the best location for one
or several facilities to serve a set of demand
points. The exact meaning of “best” depends
on the particular application considered (ob-
jectives, constraints, subsidiary decisions, etc).
These problems are often found at the core of
more comprehensive problems arising in areas
such as Logistics, Telecommunications, Sup-
ply Chain Network Design and Transportation.
Although the network structure underlying a
discrete facility location problem can be looked
at as being simple, the problems easily become
computationally challenging.

Many facility location problems involve
strategic decisions that must hold for some con-

References

siderable time after being implemented. Dur-
ing this time, unpredictable changes may oc-
cur in the underlying data. Sources of un-
certainty in facility location include demand
levels, travel time, cost for supplying the cus-
tomers, location of the customers, presence or
absence of the customers, and price for the
commodities, to mention a few [1]. In many
cases it is desirable to make decisions that
hedge against such uncertainty.

In this talk we use some classical discrete
facility location problems to show how uncer-
tainty can be embedded in this type of prob-
lems. Particular emphasis is put on robust op-
timization and stochastic programming tech-
niques.

Keywords: discrete facility location; robust op-
timization; stochastic programming.

[1] F. Saldanha-da-Gama and S. Wang. Facility Location under Uncertainty: Models, Algorithms and
Applications. Springer, 2024. doi:10.1007/978-3-031-55927-3.
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Stochastic optimization in location and dispatching for
emergency medical services

Marfa Merino Maestrel2 (

&)

!Department of Mathematics, University of the Basque Country-UPV/EHU, Spain; 2Basque Center for
Applied Mathematics-BCAM, Spain

maria.merino@ehu.eus, mmerino@bcamath.org

Maria Merino Maestre is Full Professor (under contract) in Statistics and Operations Re-
search at UPV/EHU, where she earned her Mathematics degree (1999) and Ph.D. (2005).
Her research covers stochastic and combinatorial optimization, risk management, and ap-
plications in industrial, health, and humanitarian contexts. She is researcher at BCAM,
a member of SEIO’s Women Commission, the EURO WISDOM Forum, coordinates the
Ph.D. Program in Mathematics and Statistics at UPV/EHU and leads collaborations with

the Basque Public Health Service.

Efficient management of Emergency Med-
ical Services is vital, particularly when re-
sources are limited and rapid response is criti-
cal. Strategic ambulance location and dispatch
planning are key components, but these are
challenged by uncertainties related to emer-
gency timing, location, and response condi-
tions such as traffic or ambulance availabil-
ity. Various methodological approaches have
been explored, notably queuing theory, simu-
lation techniques, and mathematical optimiza-
tion. For comprehensive reviews, see [3, 1, 2].

[4] proposes a novel approach to the multi-
objective nature of location and dispatch prob-
lems by formulating a two-level hierarchical

References

compromise model. It prioritizes emergency
coverage while simultaneously balancing sec-
ondary objectives, such as minimizing av-
erage response time and Conditional Value-
at-Risk to account for worst-case scenarios.
The resulting stochastic problems with cross-
scenario constraints are solved via a matheuris-
tic scenario-decomposition algorithm.  The
framework is validated using real-world data
from the Basque Country, Spain, demonstrat-
ing its effectiveness and practical relevance.

Keywords: branch-and-fix coordination; condi-
tional value-at-risk; hierarchical compromise;
OR in health services; stochastic programming.

[1] R. Aringhieri, M.E. Bruni, S. Khodaparasti, and J.T. van Essen. Emergency medical services and be-
yond: Addressing new challenges through a wide literature review. Computers € Operations Research,
78:349-368, 2017. doi:10.1016/j.cor.2016.09.016.

and dispatching of emergency medical vehicles.
23, 2019. doi:10.1016/j.ejor.2018.02.055.

L. Brotcorne, G. Laporte, and F. Semet.

Ambulance location and relocation models.

V. Bélanger, A. Ruiz, and P. Soriano. Recent optimization models and trends in location, relocation,

European Journal of Operational Research, 272(1):1—

FEuropean
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The labour market is undergoing an accel-
erated transformation that affects all its areas:
the workplace, the composition of the work-
force and even organisational models. This on-
going evolution responds to the need to adapt
to the changes driven by technological progress
[3], globalization and recurrent social and eco-
nomic crises. Given this dynamic context, new
challenges arise for statistical production. It is
essential to incorporate indicators that reflect
this new reality of employment. Some studies
about the work life have been carried out re-
garding the paradigm shift from the transversal
to the longitudinal, allowing us to focus on spe-
cific cases such as that of youth labour tracks,
comparing two cohorts in the city of Barcelona
in 2008 and 2016 [1]. However, the objective of
this study goes further, dealing with the contin-
uous sample of working lives, MCVL [4], pre-
pared by Ministerio de inclusién, Seguridad So-
cial y Migraciones (MISM), INE and Agencia
Estatal de Administracién Tributaria (AEAT),
after considering the loss of sample and possi-

References

ble biases [2].

Thus, the objective of this work is to en-
rich statistical production through indicators
that move from cross-sectional to longitudi-
nal study. Based on the monthly files that
the regional statistical offices get from the So-
cial Security, until now exploited from a cross-
sectional perspective, research has been carried
out aimed at building a longitudinal database
throughout 2024 in Andalusia. This new struc-
ture makes it possible to offer more relevant
information that is adjusted to current de-
mands for decision-making, such as the trans-
formation of affiliation over time, or changes
in its sequence. This paper presents the work
carried out with a broad description of the
methodology applied for the construction of
the database, an analysis of the main chal-
lenges that have been faced in the process and
the solutions finally implemented, based on this
innovative approach.

Keywords: affiliation to Social Security; labor
market; longitudinal analysis.
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holds degrees in Mathematics and Physics and a PhD in Mathematical Engineering from
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The crew scheduling problem in public
transport systems, particularly in urban rail
networks, consists in assigning operational du-
ties such as train driving and station supervi-
sion to a set of available workers. The objective
is to comply with operational and labor regu-
lations while maximizing coverage and improv-
ing aspects like reducing unnecessary transfers
and balancing workload among workers. From
a methodological perspective, recent research
has largely shifted toward metaheuristics and
decomposition strategies due to their flexibility
and computational efficiency [1, 2, 3]. Never-
theless, real-world applications still pose signif-
icant challenges, as labor regulations and or-
ganizational responsibilities evolve over time.
This motivates the need for adaptable, modu-
lar, and maintainable solution frameworks.

We present a multi-stage optimization
framework developed in an industrial context
to address crew scheduling in a metropoli-
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tan subway system. The approach begins
by segmenting long activity blocks into feasi-
ble work units using a mixed-integer formula-
tion. Driving services are first constructed us-
ing constraint programming to satisfy schedul-
ing constraints, and a column generation ap-
proach is applied to select the subset that
maximizes coverage while improving secondary
operational criteria. A local search phase is
then applied to mitigate the effects of the ini-
tial segmentation by introducing small mod-
ifications that substantially reduce transfers
between stations. Finally, station supervi-
sion tasks—considered lower priority—are as-
signed via a mixed-integer program to complete
the schedules. The framework is currently in
production, delivering robust and high-quality
schedules across a range of planning scenarios.

Keywords: constraint programming; decompo-
sition techniques; railway crew scheduling.
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During the last century, variational analysis
has provided qualitative and quantitative prop-
erties to ensure robustness or stability of the
mathematical program we are dealing with. In
this general matter, the seminal contributions
of Hoffman (see [3]), stand out. In particular,
the rising interest in the field of upper Lips-
chitz constants associated to linear problems is
illustrated by the number of articles around it;
we specially mention here the stating points of
our research [4, 5].

In this presentation, we study the so-called
sharp Hoffman constant (a global measure of
stability) for linear problems subject to canon-
ical perturbations (affecting both the objective
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function and the right-hand side). This quan-
tifier reflects the ratio between parameter per-
turbations and the displacement of solutions.
As an analytical definition, it intrinsically in-
volves infinitely many parameters and points
to check. Our contribution, detailed in [1, 2],
is to provide a computable formula for this con-
stant in terms of the nominal problem data. In
other words, our approach reduces the problem
to considering a finite number of parameters
and points.

Keywords: calmness; Hoffman constants; linear
programming; Lipschitz upper semicontinuity;
variational analysis.
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MaThRad (EPSRC grant EP/W026899/2). His research activity is focused on stochastic
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tained his PhD from University of Extremadura (UEx). Previously, he worked at UEx as
Substitute Lecturer and Research Assistant, and did a MSc in Mathematics at UEx and
a BSc in Mathematics and Physics at University of Sevilla.

The neutron transport equation (NTE)
models the evolution of particle populations in
fissile media and plays a central role in nuclear
engineering. Its solution can be interpreted
probabilistically as the mean behavior (expec-
tation semigroup) of a neutron branching pro-
cess (NBP), where individual neutrons move,
scatter, and produce fission events randomly.
This semigroup is a family of operators describ-
ing how the expected value of a test function of
the process evolves over time, and its long-term
behavior admits a Perron—Frobenius decompo-
sition into a leading eigenvalue, an associated
eigenfunction, and an eigenmeasure (see [2]).
Estimating this eigentriple is crucial for under-
standing criticality and particle distribution in
the system. Recent Monte Carlo methods (cf.
[1]) provide efficient estimators for the eigen-
value and the eigenmeasure—the latter corre-
sponding to the quasi-stationary distribution of
the NBP—but the eigenfunction remains more
computationally demanding to estimate, as it
requires simulations initialized at every point
in the phase space.

References

In this work, we propose a new method
to estimate the eigenfunction by leveraging a
time-reversal approach. Starting from a many-
to-one representation of the expectation semi-
group, we reinterpret the mean behavior of the
NBP in terms of a single (forward) neutron
random walk (NRW), where particles propa-
gate in the direction of their velocity between
scattering events (there is no fission). We then
introduce a backward NRW, in which parti-
cles propagate in the opposite direction, us-
ing the same physical parameters but guided
by the estimated eigenmeasure. By perform-
ing Monte Carlo simulations of this backward
process, we recover the quasi-stationary distri-
bution associated with the reversed dynamics.
This in turn allows us to construct an estimate
of the eigenfunction in a more computationally
tractable way. The proposed method offers a
practical route to complete the estimation of
the eigentriple associated with the stochastic
formulation of the NTE.

Keywords: Monte Carlo simulation; neutron
branching process; neutron transport equation.
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arc routing, and location.

One of the most popular unsupervised
learning methods is cluster analysis [2]. The
growing popularity of machine learning meth-
ods in data driven decision making in recent
years has led to an increase in their complexity,
and the interpretability of these methods has
also been directly affected. One way to improve
interpretability in cluster analysis is through
the so-called post-hoc models, in which a set of
predefined clusters is available and the goal is
to find an explanation that characterizes each
cluster. In [1], the authors propose a post-hoc
methodology for interpreting clusters, based on
defining a prototype for each cluster that char-
acterizes it as precisely as possible. The expla-
nation of each cluster should apply to as many
individuals as possible within the cluster, and
to as few individuals as possible in the remain-
ing clusters.

As an extension of the work developed in
[1], we present in this talk a new approach

References

for improving the interpretability of the results
of cluster analysis through distance-based ex-
planations. Let us consider a set of clusters,
whose individuals present K different measures
or characteristics, a dissimilarity between each
pair of individuals associated with each of these
measures, and an integer parameter ¢ < K.
The goal is to find an explanation that char-
acterizes each cluster by choosing for each of
them a minimum set of representative individ-
uals or prototypes. This chosen set must guar-
antee that those individuals that are close to
one prototype in at least ¢ out of the K mea-
sures are allocated to its same cluster. We pro-
pose two new mathematical optimization mod-
els based on a different definition of closeness
between individuals, inspired by classic loca-
tion analysis problems.

Keywords: clusters; combinatorial optimiza-
tion; interpretability; location.
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at Granada University and a BSc in Mathematics at Malaga University.

Small area estimation (SAE) provides
model-based alternatives to direct estimators
when producing reliable predictors for domains
with limited sample sizes. A central challenge
in SAE arises when the target variables are
compositional, such as labour market indica-
tors, which are proportions constrained to sum
to one. Traditional area-level SAE models are
linear and univariate or multivariate, but not
designed to account directly compositional con-
straints. Recent works have addressed compo-
sitional constrains modeling log-ratio transfor-
mations [1, 2] or under Beta and Dirichlet dis-
tributions in fixed-effects frameworks [3].

We propose a novel nonlinear multivariate
area-level Dirichlet mixed model to estimate
labour force compositions while preserving the
compositional structure. The model introduces
domain-level random effects through a logit

References

link to jointly estimate proportions constrained
to the unit simplex. A Laplace approximation
is used for parameter estimation. Predictors
of proportions, totals and rates of small ar-
eas are obtained, and their mean square errors
are estimated by parametric bootstrap. Several
simulation experiments are carried out to ana-
lyze the behaviour of the fitting algorithm, the
small area predictors and the bootstrap proce-
dure. Finally, an application to real data from
the Spanish Labour Force Survey, in the last
quarter of 2022, is given. The target is the esti-
mation of domain proportions of employed, un-
employed and inactive people and unemploy-
ment rates by province and sex.

Keywords: area-level models; compositional
data; Dirichlet mixed models; labour force sur-
vey; small area estimation.
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Domination problems in graphs have been
extensively studied due to their broad applica-
bility in real-world scenarios. Specifically, the
Minimum Dominating Set Problem (MDSP)
[1] aims to identify the smallest subset of nodes
such that every node not included in the sub-
set is adjacent to at least one node within it.
Practical applications of this problem include
service location, communication network de-
sign, and social network analysis. However, the
MDSP does not consider graph with distances
neither the distances between dominating and
dominated nodes, leading to inefficient connec-
tions in terms of cost, time, or quality.

The Total Distance Dominating Set Prob-
lem (TDDSP) focuses on achieving a trade-off
between minimizing the size of the dominating
set and minimizing the total distance between
the dominating nodes and the nodes they dom-
inate. Figure 3.1 presents an example of two
optimal solutions for the MDSP. However, with
respect to the TDDSP, the dominating set de-
picted in Figure 3.1b is preferable, as it yields
a smaller total distance.

References

(a) Dominating set
with total distance
equal to 30.

(b) Dominating set
with total distance
equal to 26.

Figure 3.1: Example of dominating sets with
the same cardinality but different total dis-
tance.

The TDDSP is a bi-objective problem and,
since the MDSP is NP-hard, the TDDSP is also
NP-hard. To solve it, a metaheuristic based on
Variable Neighborhood Search (VNS) [2] has
been implemented. This procedure is designed
to overcome the issue of getting stuck in a local
minima by automatically changing neighbour-
hoods during the search.

Keywords:  dominating set; multiobjective
optimization; variable neighborhood search;
weighted graphs.
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Generalized Linear Models (GLMs) [1] are
well-established Data Science models (includ-
ing linear and logistic regression) which are
widely-used for regression and classification
tasks. Counterfactual Explanations (CEs) are
tools to make the outcome of Machine Learn-
ing models interpretable to the end-user and
eventually provide actionable recourse to ob-
tain more favourable outcomes. Specifically,
they provide individual explanations of deci-
sions, specifying the smallest feasible change to
a given input to switch the model’s output into
One of the drawbacks
of CEs is the lack of robustness to changes in
the model [2] and, in particular, the data used
to train it. In the case of GLMs, the model
is trained by computing the Maximum Likeli-
hood Estimator (MLE) $ for the given data.
However, this § is not necessarily the real [
of the true underlying data distribution.

a more desirable one.

In this work, we propose a mathemati-
cal optimization model to approach robust-
ness to model misspecification in CEs applied

References

to GLMs. Robustness is understood as guar-
anteeing that the outcome of the real model,
parametrized by the unknown £y, is sufficiently
high, using only the available information: the
MLE S and well-known properties of GLMs.
To address this problem, we propose a statis-
tical test on the outcome of the model, so that
the outcome of the real model is high enough
with controlled, high probability. The result-
ing optimization problem is a SOCP (Second-
Order Cone Program) readily solvable with off-
the-shelf solvers such as Gurobi. Our approach
can include models not belonging to the GLM
family, fitting a local (in the given record)
GLM surrogate, and favour sparsity, under-
stood as minimizing the [y norm of the pro-
posed changes, at the expense of an increased
computational cost for higher number of fea-
tures.

Keywords: counterfactual explanations; data-
driven optimization; machine learning; multi-
objective decision-making; robustness.
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This work addresses the challenge of medi-
cal supply delivery in disaster scenarios, where
traditional ground transportation is often pre-
vented. We model this problem as a Vehi-
cle Routing Problem (VRP) [2], specifically
tailored for drone operations. The model
incorporates real-world constraints, including
drone limitations and autonomy, translated
into route time limit and payload capacity. Our
objective is to optimize drone routes to effi-
ciently deliver medical supplies to multiple af-
fected locations. Several works explore the po-
tential of drones in (post-)disaster respose [3].
In particular, drones enable safer, faster, and
more cost-effective medical supply delivery and
facilitate remote patient assessment prior to
the arrival of on-site medical personnel.

To solve the VRP, we employ a random-key
optimization framework [1], exploring a suite
of metaheuristic algorithms (e.g. GRASP, iter-
ated local search, large neighborhood search,
among others). We leverage automatic config-
uration techniques to obtain high-performing

References

parameter settings. A comprehensive perfor-
mance analysis is presented, studying the be-
havior and effectiveness of each metaheuristic
under diverse parameter configurations. This
approach allows us to determine the most ro-
bust and efficient solution strategies for drone-
based medical supply delivery. We validate
our model and solution methodology using a
case study based on recent flooding in south-
ern Brazil. This real-world application demon-
strates the practical benefits of drone-based de-
livery, particularly in situations where land ac-
cess is severely restricted or impossible. We
quantify the cost of drone deployment and
compare it to alternative delivery methods,
highlighting the potential for significant im-
provements in response time and accessibility.
The findings provide evidence for the efficacy
of drones as a valuable technology in disaster
response, enabling rapid and optimized medi-
cal supply distribution to affected populations.

Keywords: metaheuristics; random-key opti-
mization; vehicle routing problem.
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The Network Scale-up Method (NSUM) is
an indirect survey-based technique used to es-
timate the size of hard-to-reach or hidden pop-
ulations. These are groups that are difficult to
count directly through traditional surveys, usu-
ally due to factors like stigma, illegality, or sim-
ply being a small fraction of the overall popula-
tion. Instead of trying to count every individ-
ual in the hidden group, NSUM leverages the
social networks of a sample from the general
population. The core idea is: “How many peo-
ple do you know?” followed by “Out of those,
how many belong to X?”, where X is the popu-
lation of interest. The NSUM has been used to
estimate the size of a variety of subpopulations,
including female sex workers, drug users, and
even children who have been hospitalized for
choking. A comprehensive overview of these
methods can be found in [1].

While NSUM has proven valuable across
various applications, conventional estimators
are often applied to estimate the size of a sin-
gle hidden population at a time. When the
goal is to simultaneously estimate the sizes of
multiple distinct hidden populations using data

References

from the same general population survey, exist-
ing methods typically overlook the dependen-
cies that arise between the estimators for these
different populations. This research addresses
these limitations by proposing two different
types of estimators. Firstly, we propose novel
estimators that consider copula functions to ex-
plicitly model and incorporate the dependency
structures inherent in multivariate survey data.
Secondly, we develop robust estimators based
on statistical depth concepts, designed to be
less sensitive to outliers and deviations from
assumed data distributions. These methodolo-
gies are validated using both synthetic and real
datasets. Furthermore, we will present prelim-
inary insights from applying these enhanced
NSUM techniques to a study, funded by the
Instituto de las Mujeres (Ministerio de Igual-
dad), aimed at examining societal perceptions
of gender equality and the distribution of care,
highlighting their practical utility.

Keywords: dependency estimation; indirect
surveys; network scale-up method; robust es-

timators.
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Teresa Corberan is a fourth-year PhD student in the PhD in Statistics and Operations Re-
search at the University of Valencia. Her research focuses on arc routing problems involving
drones to perform services along the arcs or edges of a network. She develops both exact
and heuristic algorithms to solve these problems. Also, she works in a company where
she implements heuristic algorithms to address real-world problems in routing, demand

planning, and forecasting.

Arc routing problems involving drones have
gained interest due to their applicability in in-
spection, maintenance, and monitoring tasks.
This work addresses an extension of the Pe-
riodic Rural Postman Problem with Irregular
Services [2], also considering the use of drones.
Given that drones can travel off the network
and fly directly between any two points (not
necessarily the endpoints of the required lines)
this becomes a continuous optimization prob-
lem where the shape of the lines to be serviced
must be taken into account.

We study the Periodic drone Arc Routing
Problem with Irregular Services and Maximum
Benefits (PAARP-IS-MB) over a finite, dis-
crete time horizon divided into periods. Each
required edge has a service frequency per pe-
riod and must be traversed by a single drone
at least once over the entire horizon. However,
a required edge can be traversed in each pe-
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riod a number of times greater than the given
frequency if the maximum distance the drone
can travel allows it (but not more than once a
day). We consider that these additional traver-
sals of the required edges are beneficial, so
each required edge has a benefit associated.
The objective is to plan a daily route satis-
fying all service constraints while maximizing
the total benefit from the additional traversal
of the required edges. We present a mixed-
integer programming formulation and develop
both an exact branch-and-cut algorithm and a
Kernel Search heuristic [1] to solve the prob-
lem. Computational experiments demonstrate
the effectiveness of our approach and highlight
the balance between solution quality and com-
putation time.

Keywords: arc routing; branch and cut; drones;
irregular services; kernel search.
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In recent years, the integration of stochastic
elements into classical optimization problems
has gained increasing relevance. Among these,
the Prize-Collecting Traveling Salesman Prob-
lem (PCTSP) [1] stands out as a flexible vari-
ant of the classical Traveling Salesman Prob-
lem (TSP), where not all nodes must be vis-
ited. While exact and heuristic methods have
been widely studied for its deterministic ver-
sion, real-world applications often involve un-
certainty in key parameters, making purely de-
terministic approaches insufficient. To address
this, hybrid methodologies combining simula-
tion and optimization—commonly referred to
as simheuristics—have emerged as a promising
line of research in Operations Research [2]. Si-
multaneously, advancing Artificial Intelligence
(AI) techniques offers new opportunities to im-
prove the solutions under uncertainty.

References

This work proposes a mnovel Al driven
simheuristic framework to solve the PCTSP
under demand uncertainty, integrating predic-
tive Machine Learning models and data-driven
scenario generation into a Greedy Randomized
Adaptive Search Procedure (GRASP) based
metaheuristic. Instead of relying only on ex-
pected values or random sampling, our method
incorporates supervised learning techniques to
generate approximations of demand, and unsu-
pervised learning via clustering to produce sce-
narios. A two-phase simulation evaluates solu-
tions: a fast initial screening followed by inten-
sive analysis of top candidates. Validation on
a real enriched dataset shows the hybrid model
significantly outperforms classical methods.

Keywords: simheuristics; stochastic optimiza-
tion; uncertainty; vehicle routing.
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Internal consistency reliability assessment
is a key step in designing and analyzing data
from questionnaires aimed to evaluate intrinsi-
cally imprecise constructs since it reflects the
extent to which the items and the rating scales
allow to collect statistically coherent responses.
Cronbach’s « coefficient is probably the most
common index for this purpose when tradi-
tional numerically-encoded scale-based data is
considered. The emergence of more complex
but also richer and more informative measure-
ment instruments such as the so-called interval-
valued rating scales —where responses are given
as ranges rather than as single-point values—
motivates the extension of the definition of this
coefficient to different frameworks. In the par-
ticular case of interval-valued data, such an
extension could be done, as suggested in [1],
by following a distance-based approach which
models the mechanism that generates such
data through the concept of random interval.

Synthesizing evidence on internal consis-

References

tency across multiple studies from a meta-
analytical perspective requires the use of con-
fidence intervals for the reported reliability es-
timates. In [2], asymptotic and bootstrap con-
fidence intervals for the extended Cronbach «
coefficient have been obtained. Since applying
transformations can sometimes improve con-
vergence rates, the goal of this work is to study
the performance of asymptotic and bootstrap
confidence intervals for such an index based on
log-transformed estimates as well as comparing
the obtained results with those from the non-
transformed scenario. To this end, the neces-
sary statistical background on interval-valued
data is to be recalled, the extended Cronbach
a coefficient and its estimators are to be pre-
sented, and the log-transformed confidence in-
tervals are to be analyzed, proving their con-
sistency via limit distribution.

Keywords:  bootstrap; confidence interval;
extended Cronbach’s « coeflicient; interval-
valued rating scale; random interval.
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Inverse Optimization (IO) [3] aims to in-
fer the hidden structure of a decision-making
process from observed decisions. In many real-
world scenarios, decisions are driven by unob-
served preferences across conflicting objectives.
Existing works inferring the preference struc-
tures either rely on geometric proximity of de-
cisions [5], which may misrepresent similarity
when feasible sets differ, or assume fixed pref-
erences [1]. Moreover, ensuring that inferred
preferences are interpretable [4] and aligned
with domain knowledge remains an open chal-
lenge.

We propose in [2] a novel framework that
integrates clustering into inverse multiobjec-

References

tive optimization to group decision-makers by
latent preferences. By minimizing optimal-
ity gaps —differences between observed and
optimal values under inferred preferences—
we obtain Mixed-Integer Quadratic Programs
(MIQPs). We design an alternating optimiza-
tion heuristic to warm-start global solvers and
include constraints that promote sparse, inter-
pretable preferences. Our method is validated
on a real-world diet recommendation problem,
successfully uncovering robust and meaningful
decision patterns under noisy data.

Keywords: clustering; explainable decision-
making; inverse optimization; multiple objec-
tive programming; preference estimation.
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Shape-constrained smooth additive regres-
sion models stand out as a flexible and inter-
pretable tool for modeling data. Their esti-
mation can include shape requirements, such
as monotonicity or non-negativity, to reflect
domain-specific knowledge [2].
ingly data-driven world, modeling a response
variable often involves many potential covari-
ates. If redundant or noisy variables are
present, their inclusion can compromise in-
terpretability and increase the risk of overfit-
ting. Thus, even inherently interpretable mod-
els can become difficult to understand in high-
dimensional problems. Feature selection has
become essential in modern regression analysis
to overcome these challenges [1]. By identify-
ing the most informative covariates, sparsity is
used as a proxy with the aim of not compro-
mising predictive performance.

In an increas-

In this work, we address the feature se-
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[1] J. Li, K. Cheng, S. Wang, F. Morstatter, R.P.

lection problem in the context of shape-
constrained smooth additive regression mod-
els using a mathematical optimization perspec-
tive, generalizing the work in [3]. The problem
is approached by imposing a constraint within
the estimation of shape-constrained smooth
additive regression models that limits the num-
ber of covariates with nonzero coefficients to a
fixed value. As a result, a conic optimization
problem with binary variables is obtained. The
proposed approach provides a structured way
to perform feature selection while respecting
the shape constraints imposed on the covari-
ates. The method has been evaluated on sev-
eral simulated datasets with different numbers
of covariates, showing promising results.

Keywords: B-splines; feature selection; math-
ematical optimization; shape-constrained re-
gression.
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In many applications, domain knowledge ric model for density estimation using Dirichlet
often suggests that two distributions should process mixtures [2] to enforce this constraint
satisfy a stochastic order. Such orderings arise and applied it to medical data.

naturally in fields such as economics and fi- We consider two extensions of the repre-
nance, as well as biology, medicine, and public  sentation introduced in [1]: (1) An extension
health [3]. Jauch et al. [1] introduced a mix-  to multivariate F and G that are ordered ac-
ture representation for univariate distribution cording to the weak likelihood ratio order, and

functions F' and G so that F' < G with respect  (2) An extension to K univariate stochastically
to the likelihood ratio order. Distributions ' ordered distributions F; < ... < Fy with re-

and G are ordered in the likelihood ratio order gpect to the likelihood ratio order. These mix-
when the ratio of their probability density func- {yre representations can be applied to hidden

tions, f(z)/g(z), is a non-increasing functionin - \arkov models and logistic and ordinal regres-
z. To model this, Jauch et al. [1] showed that gijon models.

the ratio of two probability density functions is
monotone if and only if one can be expressed
as a mixture of one-sided truncations of the
other. They proposed a Bayesian nonparamet-

Keywords: Bayesian methods; mixture repre-
sentations; monotone likelihood ratio order; re-
gression models; stochastic order.
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The rank pricing problem (RPP) consists
in determining the optimal prices for a set of
products offered by a company to a set of cus-
tomers interested in some of them, taking into
account both the customers’ budgets and per-
sonal preferences [1]. The RPP admits a bilevel
formulation in which the company acts as the
leader setting the prices and the customers act
as the followers who react to those prices by de-
ciding whether or not to purchase a product.
Calvete et al. [1] solved the RPP exactly by
formulating and analyzing several mathemat-
ical models, while Calvete et al. [2] proposed
an evolutionary algorithm to address larger in-
stances.

This research presents several important
contributions. It introduces the first iterated
greedy algorithm specifically designed to solve
the RPP. Two dedicated procedures are de-
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fined to partially destroy incumbent solutions
throughout the execution of the algorithm.
Several local search methods are also proposed
to further enhance the performance of the al-
gorithm. Finally, extensive computational ex-
periments are conducted to show that the al-
gorithm provides high-quality solutions within
very short computational times. These experi-
ments confirm the effectiveness of the proposed
algorithm by comparing it against exact and
heuristic methods from the literature.

Furthermore, both Dominguez et al. [4] and
Calvete et al. [3] have studied the variant of
the problem where customers’ preferences may
include ties. The algorithm proposed in this
study is easily extendable to also handle this
variant.

Keywords:  bilevel optimization; iterated
greedy; metaheuristics; rank pricing problem.
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This work combines the Plackett—Luce
(PL) model, a generalization of the
Bradley—Terry model used to represent how
individuals rank a set of alternatives [3], with
a Bayesian inference framework based on
Markov Chain Monte Carlo (MCMC) methods.
The implementation relies on the No-U-Turn
Sampler (NUTS), a gradient-based variant of
MCMC that adapts to the geometry of the
parameter space by automatically determining
the number of steps to take during sampling [2].
This combination enables efficient inference in
high-dimensional parameter spaces, as demon-
strated in [4]. The integration of NUTS with
probabilistic ranking models such as PL allows
for a more flexible and accurate representation
of decision-making processes, extending previ-
ous work on efficient Bayesian approaches for

References

modeling ranked data [1].

The work focuses on the development of the
algorithms of a mobility platform, contribut-
ing to three main components: the creation of
a synthetic data generation process to simu-
late user inputs in the absence of real data; the
design and implementation of a Bayesian in-
ference framework using MCMC methods for
learning preference structures based on a vari-
ant of the PL model; and the application of
the inferred model to predict user choices and
extract relevant insights. These contributions
support the personalization and adaptability of
the system, forming the foundation for intelli-
gent decision-making in mobility contexts.

Markov chain
Plackett-

Keywords:  Bradley-Terry;
Monte Carlo; No-U-Turn sampler;
Luce; route choice.

[1] F. Caron and A. Doucet. Efficient bayesian inference for generalized bradley—terry models. Journal of
Computational and Graphical Statistics, 21(1):174-196, 2012. doi:10.1080/10618600.2012.638220.

[2] M.D. Hoffman and A. Gelman.
Hamiltonian Monte Carlo.

The No-U-Turn sampler:
Journal of Machine Learning Research, 15(1):1593-1623, 2014. URL:

adaptively setting path lengths in

https://www.jmlr.org/papers/volumel5/hoffmani4a/hoffmanida.pdf.

[3] R.L. Plackett. The analysis of permutations.

Journal of the Royal Statistical Society Series C:

Applied Statistics, 24(2):193-202, 1975. URL: https://academic.oup.com/jrsssc/article/24/2/

193/695355471ogin=false.
[4] M. Plummer.

Simulation-based Bayesian analysis.

Annual Review of Statistics and Its Applica-

tion, 10(1):401-425, 2023. URL: https://www.annualreviews.org/content/journals/10.1146/

annurev-statistics—-122121-040905.

27


https://doi.org/10.1080/10618600.2012.638220
https://www.jmlr.org/papers/volume15/hoffman14a/hoffman14a.pdf
https://academic.oup.com/jrsssc/article/24/2/193/6953554?login=false
https://academic.oup.com/jrsssc/article/24/2/193/6953554?login=false
https://www.annualreviews.org/content/journals/10.1146/annurev-statistics-122121-040905
https://www.annualreviews.org/content/journals/10.1146/annurev-statistics-122121-040905

SYSOI

5TH SPANISH YOUNG STATISTICIANS AND

OPERATIONAL RESEARCHERS MEETING

Dirichlet values for balanced games

Alejandro Bernardez Ferradas' ®9, Miguel Angel Miras Calvo? and Estela Sanchez-Rodriguez!

!Department of Statistics and Operations Research, University of Vigo, Spain; 2Department of
Mathematics, University of Vigo, Spain

alejandro.bernardez@uvigo.es

Alejandro Bernardez Ferradas is a first-year PhD student in Statistics and Operations Re-
search at the University of Vigo. His research focuses on game theory, specifically on
analyzing the influence of weights and clones in coalitional games, with concrete applica-

tions to economic problems.

Before starting his PhD, he earned a Bachelor’s degree in
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This contribution falls within the field of
game theory, specifically within cooperative
games. In this work, we introduce a new
family of values, the Dirichlet values, for bal-
anced positive coalitional games. These val-
ues are defined by means of the Dirichlet dis-
tribution, a multivariate distribution over the
(n — 1)-regular simplex, parameterized by an
n-dimensional vector of positive reals, which
can be interpreted as a probability distribu-
tion over all the possible divisions of one unit
among n players [3]. The Dirichlet value for
a positive balanced game is given by the ex-
pectation of the conditional distribution of a
Dirichlet distribution over the (scaled) core of
the game. A notable member of this family is
the core-center solution [2], which corresponds
to the flat Dirichlet distribution (the uniform
distribution).
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[1] A. Bernirdez Ferradds, M.A Mirds Calvo, C.

We analyze whether or not the Dirichlet
values satisfy some basic properties. In partic-
ular, we study how the Dirichlet values treat
symmetric players (or clones). We identify a
subclass of coalitional games for which the pay-
off recommended by the core-center solution
for each group of symmetric players coincides
with the allocation selected by the Dirichlet
value, with parameters given by the sizes of
each group of clones, when applied to the re-
duced game without clones. In particular, this
subclass includes the coalitional games associ-
ated with airport problems [1]. Remarkably,
for these types of games, the calculation of
the core-center solution can be performed on a
lower-dimensional space by computing the suit-
able Dirichlet value for the reduced game.
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center; Dirichlet distribution; weighted values.
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of Madrid (UCM). She has worked in the private sector, developing integer linear mathe-
matical optimisation models to solve problems arising from real-world applications. Since
January 2025 she is an assistant professor at Complutense University of Madrid.

This work addresses the problem of de-
termining how to distribute the energy gen-
erated by a photovoltaic system in residential
buildings. Distribution coefficients specify how
the solar energy is allocated to each consump-
tion point (either a neighbour or a commu-
nity facility, as elevators, lighting, pool ...).
According to Spanish regulations, all gener-
ated energy must be fed into the grid, and
the distribution company calculates how much
solar energy each consumption point receives
each hour, based on these distribution coef-
ficients. The coefficients can be updated ev-
ery four months and cannot be modified dur-
ing this period. The energy assigned to each
consumer reduces their electricity bill, and any
surplus may be compensated, usually at a lower
rate. Our proposal is to define an optimization

References

model that allows to obtain the distribution
coefficients that maximize the economic per-
formance of the photovoltaic installation.

In previous works ([1, 2]), the problem
is studied under a deterministic assumption:
production, demand and prices are considered
known in advance. Our proposal incorporates
uncertainty in the model by developing a two-
stage stochastic optimization approach, where
uncertainty is represented through a scenario
tree, allowing for the addition of risk aversion
Additionally, this work also high-
lights the complexity of dealing with common
areas, which typically have higher and more
seasonal consumption patterns and whose cost-
sharing rules cannot be altered.

measures.

Keywords: energy allocation coefficients; pho-
tovoltaic energy; stochastic optimisation.
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Random forests have been recently general-
ized for variables taking values in general met-
ric spaces. The most relevant methods in this
sense are Fréchet Random Forests (FRF) [1]
and Random Forest Weighted Local Constant
Fréchet Regression (RFEWLCFR) [3]. Recent
works [2, 5] enable uncertainty estimation in
metric spaces but inherit the inefficiencies of
split-conformal inference derived from splitting
the data into two subsamples, as they are not
tailored to random forests. In contrast, [4] con-
structs prediction regions using out-of-bag er-
rors from a single forest, thus leveraging the
full dataset for both prediction and uncertainty
quantification. However, these prediction re-
gions are only applicable with Euclidean data.

We present a new methodology to quan-
tify the uncertainty in the prediction with

References

FRF/RFWLCEFR through the consideration of
confidence regions for the metric-valued re-
sponse. Asymptotic coverage theory is pre-
sented in four different scenarios depending on
the type of coverage. The proposed prediction
regions are compared and illustrated through
simulations using REFWLCFR in different met-
ric spaces, such as the Euclidean space, unit
sphere, and the space of symmetric positive
definite matrices. More precise and com-
putationally efficient estimates are obtained
when compared to generic split-conformal ap-
proaches. The prediction regions are also ap-
plied to forecast the estimated death location
of sunspot groups using their birth locations.

Keywords:  confidence regions; Fréchet re-
gression; metric space data analysis; random
forests.
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The Capacitated Dispersion Problem
(CDP) addresses the selection of a subset of
facilities whose total capacity satisfies a mini-
mum demand, while maximizing the minimum
distance between any pair of them. This prob-
lem is found in real-world situations where it
is important to cover a certain area and ensure
that the selected facilities are well separated,
such as in emergency planning, environmental
monitoring, data center placement, or the allo-
cation of evacuation shelters. The CDP is an
extension of the classic p-dispersion problem
introduced by [1], adding capacity constraints
that make the problem more complex but also
more realistic. Recent works, such as [2], pro-
poses improved mathematical models and valid
inequalities, while [3] presents heuristic meth-
ods useful for solving large instances.

In this work, we extend the classical capac-
itated dispersion problem by introducing mod-

References

ification strategies for facilities and/or their
connections. Specifically, we adapt the Kuby,
Edge, and Telescopic formulations to incorpo-
rate capacity upgrades at facilities and distance
downgrades in selected connections—that is,
increasing connection lengths to promote dis-
persion. We also consider modifications that
affect all connections incident to an upgraded
facility. Each extension preserves the original
max-min dispersion structure while allowing
a limited number of changes. We apply all
three formulations to each proposed scenario
and conduct a comprehensive computational
study to compare their performance in terms
of solution quality, computational effort, and
robustness across different instance types and
parameter settings.

Keywords: capacitated dispersion problem:;
connection downgrading; facility upgrading;
mixed integer linear programming.
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Many situations involve dealing with high-
dimensional data that actually exhibit a lower-
dimensional structure. Principal components
analysis (PCA) is a classical linear method to
perform dimension reduction by projecting the
data onto a linear subspace. In contrast to this
linearity, the so called manifold hypothesis as-
sumes that data lie around a lower-dimensional
submanifold embedded in the Euclidean ambi-
ent space, leading to a variety of non-linear di-
mension reduction techniques known as man-
ifold learning. These methods aim to reduce
the dimension by recovering this underlying
manifold, which also helps understand the true
structure of the data. When the manifold is a
one-dimensional curve, the problem is known
as filament estimation.

References

This work presents a new filament estima-
tor. It follows the ideas of the Euclidean dis-
tance transform (EDT) estimator proposed by
[1] and improves it by making use of a shape
condition, the r-convexity, which generalizes
convexity. In particular, instead of the more
general Devroye-Wise support estimator, we
propose to use the r-convex hull of the sample
to estimate the support of the sampling distri-
bution, see [3]. Our estimator achieves the op-
timal minimax rate in Hausdorff distance (up
to logarithmic factor) in the noise model stud-
ied by [2] when the ambient space is the bidi-
mensional Euclidean plane. We also illustrate
this new estimator with a real data application.

Keywords: filament estimation; manifold learn-
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Home healthcare routing and scheduling
problems have attracted increasing attention
due to the growing demand for in-home med-
ical services and the logistical complexity of
delivering them efficiently [1]. These prob-
lems often involve rich constraints, such as time
windows, skill requirements, and synchroniza-
tion between multiple caregivers. When ferry-
dependent regions are considered, additional
challenges arise due to the need to align care-
giver schedules with infrequent and fixed ferry
timetables. While several exact and heuristic
methods have been proposed for related ve-
hicle routing problems, few address the inte-
gration of maritime transport constraints into
caregiver routing models [2].

This study investigates a home healthcare
routing and scheduling problem in a setting
where caregivers must utilize ferry services to
reach certain patients, which is the case in
many areas along the Norwegian coast. The
objective is to minimize the sum of route du-

References

rations across all caregivers, thereby maximiz-
ing the time available for other potential tasks.
To tackle the problem, we formulate a mixed-
integer linear programming model and develop
a matheuristic based on weighted proximity
search. The method initially constructs a fea-
sible solution through a sequential graph ex-
pansion strategy and subsequently applies it-
erative refinements to improve solution quality.
Computational tests on 20 realistic instances,
derived from two Norwegian healthcare cen-
ters, show that the proposed weighted proxim-
ity search outperforms both direct model solv-
ing using a commercial solver and the classical
proximity search in terms of feasibility, opti-
mality, and solution quality. In particular, the
method is able to solve instances involving up
to 80 patients (135 visits) within a 3600-second
time limit.

mixed-integer programming; skill
time-dependent
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Out of all invited susceptible EU citi-
zens, only 14% participate in colorectal cancer
(CRC) screening programs. This supposes a
huge health and economic burden for a disease
which makes up for 12% of the deaths due to
cancer [3]. Importantly, early-stage cancer de-
tection can result in more manageable, less ex-
pensive and more likely to be successful treat-
ments. Thus, the importance of predictive and
decision models in this field is crucial for char-
acterising the influence of relevant risk factors
on the development of the disease and the allo-
cation of screening tests performed to the pop-
ulation. Furthermore, there is a pertinent need
among policymakers regarding the design of in-
centive programs to improve the coverage, ac-
ceptability and adherence of high-risk citizens
to screening.
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This work addresses the challenge of pro-
moting CRC screening from a policymaker’s
perspective, recognising that participating cit-
izens may pursue objectives that diverge from
public health goals. To manage this mis-
alignment, we introduce a decision-making ap-
proach based on adversarial risk analysis [4],
which allows for the design of optimal incentive
schemes under uncertainty modelling on the
participants’ goals. Our methodology builds
on established models of CRC risk and screen-
ing strategy optimisation [2, 1], and we demon-
strate its application through illustrative use
cases involving both individual and group-level
optimal financial incentives.
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The physician scheduling problem has been
studied widely [2]. However, few approaches
consider the well-being of medical staff in them.
In many cases, healthcare professionals work
under unpleasant conditions due to long work-
ing hours and uneven shift distribution. As
a result, problems arise that affect physicians’
health and, consequently their efficiency and
performance, two key aspects in the current
context [3]. Therefore, achieving a fair and eq-
uitable workload distribution is essential. In-
corporating fairness and equity requirements;
temporal balance for heterogeneous staff; and
ergonomics constraints, makes scheduling a
challenging problem [1].

We introduce the concept of fairness and
equity in physician scheduling. Then, we pro-
pose a methodology that incorporates these
principles to try to ensure that all physicians

References

are assigned shifts fairly, based on their indi-
vidual circumstances, while also achieving an
overall equitable distribution of the workload.
We model this situation by defining the ideal
number of shifts according to fairness and eq-
uity criteria. Since these values may conflict,
we formulate a multi-objective linear program-
ming problem to determine a compromise so-
lution regarding the number and types of shifts
to be assigned to each physician. To solve
this model, we propose a variation of a lexico-
graphic optimization procedure. The solution
obtained from the previous model can subse-
quently be used as input parameters for de-
signing more efficient algorithms for solving the
physician scheduling problem.

Keywords: fairness and equity, matheuristics;
optimization; physician scheduling problem.
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Inference-time robustness through flow-based input purification
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While machine learning (ML) has brought
significant benefits, it has also been subject to
misuse, particularly through attempts by ad-
versaries to manipulate models for their own
gain. This has given rise to the field of adver-
sarial machine learning (AML) [4, 5, 2]. Tradi-
tional ML assumes independently and identi-
cally distributed data, but in many real-world
settings, adversaries may alter inputs, breaking
this assumption. AML seeks to build models
that are robust to such manipulations, focusing
on understanding attacks, designing defenses,
and developing frameworks to guide optimal
protection strategies.

This paper introduces a pipeline to pro-
tect predictive models during deployment by
purifying potentially manipulated inputs using
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normalizing flows [3]. Building on the frame-
work in [1], the proposed method focuses on
operational-time defenses against adversarial
manipulation, without requiring changes to the
original training process. The approach lever-
ages normalizing flows to model the distribu-
tion of clean data and detect and correct ad-
versarial perturbations at inference time. Ad-
ditionally, the pipeline includes mechanisms to
monitor for shifts in attack patterns, prompt-
ing adaptive purification strategies or trig-
gering alerts for retraining if needed. Sev-
eral examples illustrate the effectiveness of the
method in preserving model performance un-
der adversarial conditions.
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Statistics and a BSc in Mathematics, both at University of Santiago de Compostela.

The resource-constrained project schedul-
ing problem (RCPSP) is a classical NP-hard
problem involving scheduling activities under
precedence and resource limitations. A promi-
nent variant, the multi-mode RCPSP (MR-
CPSP), allows executing activities in multi-
ple modes, each characterized by distinct du-
rations and resource demands. Additionally,
introducing multiple objectives yields a set of
trade-off solutions, known as the Pareto front
(PF). Recently, [1] proposed a bi-objective
RCPSP (RCPSP_TDRC), explicitly incorpo-
rating time-dependent resource costs to en-
hance realism.

Despite these promising advancements, in-
tegrating multiple execution modes and dy-
namic resource capacities into the bi-objective
RCPSP_TDRC remains unexplored. This
work introduces the bi-objective MRCPSP

References

with time-dependent resource costs and capac-
ities (MRCPSP_TDRCC), combining mode
flexibility, variable resource costs, and fluc-
tuating resource availability. We formulate
the problem and propose an non-dominated
sorting genetic algorithm IT (NSGA-IT)-based
metaheuristic, inspired by [2], featuring a
triple-list encoding, custom genetic opera-
tors, and penalization for infeasibility han-
dling. Computational experiments on modi-
fied PSPLIB and MMLIB datasets validate the
method’s effectiveness, providing robust PF
approximations and establishing a solid basis
for further realistic scheduling research.

Keywords: metaheuristic; multi-mode
resource-constrained project scheduling; multi-
objective optimization; Pareto front; perfor-

mance indicator.
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Testing the equality of a parameter across
multiple populations is a classical problem in
statistics, typically addressed under the as-
sumption that the number of groups k is fixed
and small relative to the within-group sample
sizes ny,...,ng. However, in many modern ap-
plications, k is large and may even exceed the
group sizes. In this large-k, small-n regime,
classical test statistics such as the ANOVA F-
statistic and its rank-based analogues deviate
from their usual reference distributions (see,
e.g., [1]), motivating the development of new
methods tailored to this setting. Several re-
cent works have explored this regime in prob-
lems such as the k-sample problem (see, e.g.,
[4]), goodness-of-fit [2], and homoscedasticity
[3].

This work introduces and studies a test

References

for the comparison of an estimable parameter
across k populations, when k is large and the
sample sizes from each population are small
when compared with k. The proposed test
statistic is asymptotically distribution-free un-
der the null hypothesis of parameter homo-
geneity, enabling asymptotically exact infer-
ence without parametric assumptions. Addi-
tionally, the behavior of the proposal is studied
under alternatives. Simulations are conducted
to evaluate its finite-sample performance, and
a linear bootstrap method is implemented to
improve its behavior for small to moderate k.
Finally, an application to a real dataset is pre-
sented.

Keywords:  consistency; many populations;

testing; U-statistics.
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Alberto Torrején is a PhD student in the Department of Statistics and Operations Research
at the University of Seville and a member of the Institute of Mathematics of the Univer-
sity of Seville. His research focuses on mathematical modeling, algorithmic development,
and statistical methodologies applied to data analysis and decision-making problems. In
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Sorting is a fundamental operation in math-
ematics and computer science, used to impose
order and extract structure from data. Beyond
its algorithmic importance, sorting underlies
many optimization problems where ordered
outcomes influence decision-making, whether
through ranking, prioritization, or in the mod-
elization of more abstract concepts such as eq-
uity, risk or envy.

In this talk, we introduce a flexible model-
ing framework grounded in linear and mixed-
integer programming that leverages sorting
principles to address a broad class of combi-
natorial optimization problems. Our approach
not only efficiently handles known data val-
ues but is also capable of managing scenar-
ios where values must be inferred, such as
assignment costs or route lengths determined
during the solution process. In addition, by

References

means of an ordering framework a wide range
of objective functions can be modeled, from
classical location and dispersion measures to
more complex criteria involving fairness, ro-
bustness, or envy. We demonstrate its appli-
cability to decision-making problems like fa-
cility location [1, 2] and vehicle routing, as
well as for statistical problems such as robust
regression [3]. The proposed models incor-
porate ordered and bilevel optimization tech-
niques and are supported by comprehensive
computational experiments. The results un-
derscore the framework’s versatility, its theo-
retical soundness, and its potential to produce
high-quality, interpretable solutions across var-
ious application contexts.

Keywords: mathematical programming; opti-
mization problems; ordered optimization.
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Survival analysis focuses on the time until
an event of interest occurs, under the assump-
tion that all individuals will eventually experi-
ence the event [3]. a
portion of the population may never encounter
the event. This scenario leads to cure models,
which account for two distinct groups: those
who will eventually experience the event and
those who will never be affected [1]. Accu-
rately estimating the probability of the event
occurring is essential in such contexts. To en-
hance the efficiency of nonparametric estimates
in survival analysis —and, by extension, in cure
models— presmoothing techniques can be em-
ployed. A key aspect of presmoothing is the se-
lection of an appropriate smoothing parameter,
which plays a critical role in ensuring accurate
and reliable results [2].

However, in some cases,

In this context, we introduce a mnovel
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presmoothing-based approach to improve cure
rate estimation using the Beran estimator
within in mixture cure models (MCM) [4].
When the presmoothing bandwidth is opti-
mally selected —a crucial step— this method
either matches or outperforms the classical
nonparametric estimator, demonstrating its
clear advantage. Through simulation studies
and applications to clinical datasets, including
breast cancer, we validate the effectiveness of
this approach. Furthermore, the methodology
has been extended to incorporate both binary
and continuous covariates, enabling more pre-
cise patient-specific estimations and enhancing
the model’s ability to extract meaningful in-
sights from the data.

Keywords: cure models; nonparametric estima-
tion; presmoothing; survival analysis.
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Understanding the contribution of indi-
vidual features to the output of classification
models is crucial to explainable artificial intel-
ligence. Game-theoretic concepts such as the
Shapley and Banzhaf values have gained popu-
larity as model-agnostic approaches to feature
influence due to their solid axiomatic foun-
dations (e.g., [2]). Although many of these
methods assume independence between fea-
tures, real-world data often involve internal
structures or natural groupings among predic-
tors. In this sense, game-theoretic values like
the Owen and Banzhaf-Owen values have been
developed to handle coalitional structures, al-
lowing to model a priori unions among players.
Recent literature has begun to explore these
ideas in the context of binary classification,
providing new directions for model interpreta-
tion when dependencies between features de-
fined over finite sets are present [1].

References

In this work, we propose a novel influence
measure for multiclass classification problems
based on the Owen value, which considers pos-
sible internal structures among features. We
formally define the influence measure and pro-
vide an axiomatic characterization for it. Our
approach is model-agnostic and supports both
categorical and continuous variables (poten-
tially with infinite range of values). Finally,
we illustrate the practical utility of our method
through simulations and an application to the
PISA 2012 dataset, where features are natu-
rally grouped into blocks reflecting students’
socioeconomic background, school characteris-
tics, and cognitive skills. Our results confirm
the robustness and interpretability of the pro-
posed measure and highlight its value for struc-
tured real-world classification tasks.

Keywords: classification problems; influence
measure of features; machine learning; owen
value.
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Pablo Morala is a postdoctoral researcher at the UC3M—Santander Big Data Institute, UC3M,
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plainable Artificial Intelligence, specifically for neural network models. He holds BSc de-
grees in Mathematics and Physics (Universidad de Oviedo, 2019) and an MSc in Statistics

for Data Science (UC3M, 2020).

Due to the opaque nature of many machine
learning and artificial intelligence models, espe-
cially neural networks, the field of eXplainable
Artificial Intelligence (XAI) has given birth to
many methods that rely on single-variable im-
portances as explanations, such as the Shap-
ley Additive exPlanations (SHAP). However,
these methods often overlook the interactions
between variables and how they may affect the
final model predictions. Consequently, several
SHAP extensions have been proposed, such
as the Shapley-Taylor Interaction Index [3],
FaithSHAP [4] or n-Shapley values [1]. Nev-
ertheless, these advances lack a rigorous evalu-
ation with controlled simulations, because the
usage of real datasets does not provide an ef-
fective ground truth in interpretability.
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trolled polynomials, where interactions can be
modeled directly, and (ii) to compare these
SHAP-based models with NN2Poly [2], a neu-
ral networks XAI method based on polyno-
mial representations, that can explicitly cap-
ture these variable interactions. The simula-
tion study uses rank-based metrics on the in-
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develops new local approaches with NN2Poly
to provide local and global comparisons in all
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Accurate predictions for individuals of- ger programming to optimize personalized data
ten depend on multimodal data (e.g., ge- acquisition and prediction. It estimates pre-
nomics, imaging, clinical tests), but acquiring diction errors for each individual based on a
all modalities may be infeasible due to cost, fully observed training set and uses these esti-
time, or invasiveness. This raises the challenge mates to determine which modalities to collect
of selecting which modalities to collect under for each case, balancing predictive gain and ac-
budget constraints before making any predic- quisition cost. The same model is used to gen-
tion. Traditional methods focus on global fea- erate final predictions. The approach leverages
ture subsets [3], often ignoring personalized de- model structure to reduce optimization com-
cisions and acquisition costs. Recent advances plexity, avoids imputation, and ensures scal-
(e.g., cost-sensitive feature selection [1], multi- ability for individualized prescriptions. This
modal prediction [4], and prescriptive analytics methodology has been successfully validated on
[2]) highlight the need to integrate prediction both synthetic and real-world datasets.

and optimization. . . .
Keywords: classification and regression trees;

We propose a framework that integrates a prescriptive model; random forest.

specialized Random Forest predictor with inte-
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