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N Welcome

Dear Locators,

Welcome to the 30th EWGLA meeting, held in Jerez de la Frontera, Spain, from 17 to 19
September 2025. The EURO Working Group on Locational Analysis has become a vehicle
for communication among researchers focused on location and related topics worldwide. In
particular, EWGLA meetings are regular events that allow researchers and practitioners to
meet and discuss trends in location and related problems. The sessions address methods
and models for theoretical and practical problems. In addition, EWGLA meetings combine
a strong scientific program with a friendly atmosphere that encourages open exchange and
collaboration.

This year, EWGLA meeting takes place together with the 14th International Workshop on
Locational Analysis and Related Problems (IWOLOCA). IWOLOCA meetings are organized
by the Spanish Network on Locational Analysis (REDLOCA) and the Location Group of the
Spanish Society of Statistics and Operations Research (GELOCA). These workshops bring
together national and international researchers working in the field of Location Science.

EWGLA meetings have been successful over the years, showing that locational analysis
continues to spark interest among researchers. This year the meeting features 69 contributions
covering a broad range of topics, from discrete location, over hub location and routing, to
network design and a variety of interesting applications. The large number of speakers required
us to have parallel sessions during the three days of conference. This edition brings together
84 participants from 14 di[erknt countries. This book compiles all accepted contributions for
the conference. The abstracts are arranged in alphabetical order by the presenting authors’
last name. Additionally, an author index is provided at the end of the book, detailing the page
numbers where each author’s contributions can be found. We hope that this compilation will
serve as a valuable resource for all attendees and make a meaningful contribution that will
enrich the scientific discussions throughout the event.

This meeting features the participation of three invited plenary speakers. We are honored
by their participation and pleased to share this event with them. Prof. Burcu Balgik
(Ozyegin University) will present her work related to location and transportation problems in
Humanitarian Logistics. Prof. Anthony Papavasilou (National Technical University of Athens)
will share with us his advances in an EU-wide power generation expansion problem including
renewable energy targets. On the occasion of the 30th EWGLA meeting, prof. Vladimir
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Marianov (Pontificia Universidad Catdlica de Chile) will present a personal retrospective about
some important topics on Locational Analysis.

We would like to thank all those who contributed to the organization of this meeting. Especially,
we wish to highlight the compromise and e [ork of the organizing committee. We would also
like to acknowledge the scientific committee for their valuable contribution.

Finally, we would like to acknowledge the support of the EWGLA, the GELOCA, and the
Spanish Agency of Research (AEI) through grants RED2022-134149-T funded by MICIU/AEI
/10.13039/501100011033. We would also like to thank the following institutions of the
Universidad de Cadiz: Facultad de Ciencias Sociales y de la Comunicacion, Instituto Univer-
sitario para el Desarrollo Social Sostenible, Plan Propio UCA 2025-27 and Departamento
de Estadistica e Investigacion Operativa. Thanks to their financial support, part of the
organization of this meeting was possible.

We wish you an enjoyable experience at EWGLA 2025, both scientifically and socially.

Carmen-Ana Dominguez Bravo and Luisa |I. Martinez Merino
Chairs of EWGLA 2025 Organizing Committee
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Scientific Committee

Victor Blanco Universidad de Granada Spain
Giuseppe Bruno Universita di Napoli Federico Il Italy
Hatice Calik KU Leuven Belgium
Sourour Elloumi ENSTA Paris France
Serena Fugaro National Research Council of Italy Italy
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loannis Giannikos University of Patras Greece
Jorg Kalcsics University of Edinburgh UK
Bahar Kara Bilkent University Tuarkiye
Martine Labbé Université Libre de Bruxelles Belgium
Alfredo Marin Universidad de Murcia Spain
Luisa I. Martinez-Merino Universidad de Cédiz Spain
Stefan Nickel Karlsruhe Institute of Technology Germany
Olivier Peton IMT Atlantique France
Diego Ponce Universidad de Sevilla Spain
Justo Puerto Universidad de Sevilla Spain
Francisco Saldanha da Gama She U. Management School UK

Sibel Salman Kog¢ University Turkiye
Anita Schobel Universitat Gottingen Germany
Hande Yaman KU Leuven Belgium
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N Program

Wednesday, September 17, 2025

8:30-9:00 Registration (H)
9:00-10:00 Opening session (S)
10:00-11:00 EWGLA Plenary talk (b)

Location and Transportation Problems in Humanitarian
Logistics: Models, Insights, and Future Directions
Burcu Balgik
Ozyegin University, Turkey
(Chair: Serena Fugaro)

11:00-11:30 Coled (T)
11:30-12:30 W1la: Discrete Location W1b: Applications

13:00-14:30 Lunch (C)

IV \\/2a: Capacitated Facility Location W2b: Continuous Location

16:00-16:30 Coled (T)

16:30-17:50 Wa3a: Discrete Location W3b: Network Design

20:00-22:00 Welcome reception (*)

Details of the Presentation Rooms

(a) Classroom Building (Aulario), 1st Floor, Room 1.20A

(b) Classroom Building (Aulario), 1st Floor, Room 1.20B

(S) Auditorium (Salén de Actos)

(H) Hall O Lceland Seminar Building (Edificio de Despachos y Seminarios)
(T) Cafeteria Terrace

(C) Cafeteria Dining Area

(*) Damajuana
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Parallel Sessions Overview

11:30-12:50 W1a: Discrete Location (Chair: Alfredo Marin)
Tackling the discrete -neighbor p-center problem with integer programming.
Elisabeth Gaar, Markus Sinnl.

On integer programming models for the obnoxious p-median problem.
Elisabeth Gaar, Markus Sinnl.

An alternative Integer Programming formulation for the Linear Ordering Problem.
Alfredo Marin, Justo Puerto.

11:30-12:30 W1b: Applications (Chair: Manuel Munoz-Marquez)

Towards more sustainable Postal Supply Chains: a probabilistic approach to design
Last-Mile Delivery Areas.

Giuseppe Bruno, Antonio Diglio, Carmela Piccolo, Eduardo Pipicelli.
Redesigning Italian health districts within new primary care regulatory frameworks.
Giuseppe Bruno, Antonio Diglio, Andreana Ferraioli, Carmela Piccolo.

The Strategic Berth Template Problem with Uncertain Arrival Times.
Elena Fernandez, Manuel Munoz-Marquez, Francisco Saldanha-da-Gama.
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14:30-15:50 W2a: Capacitated Facility Location (Chair: Juan-José Salazar-Gonzalez)

Enforcing Stability in Capacitated Facility Location Problems with Ordinal Customer
Preferences.

Adam Dunajski, Sergio Garcia, Akshay Gupte.

Stable formulations for the Capacitated Facility Location Problem with Customer
Preferences.

Concepcion Dominguez, Juan de Dios Jaime Alcéntara.

A capacitated facility location pricing problem with order.
Herminia I. Calvete, Carmen Galé, Aitor Hernandez, José A. Iranzo.

Solution approaches for a fair multi-source capacitated facility location problem.
Carlo Filippi, Gianfranco Guastaroba, Juan-José Salazar-Gonzalez.

14:30-15:50 W2b: Continuous Location (Chair: Justo Puerto)
Multiple Support Vector Machines based classifiers for multiclass classification.
Victor Blanco, Harshit Kothari, Jim Luedtke.
A mathematical optimization approach for Multisphere Support Vector Data Description.
Victor Blanco, Inmaculada Espejo, Rall Paez, Antonio M. Rodriguez-Chia.
Conditional Facility Location Problems with Continuous Demand and a Rapid Transit
Line.
Thomas Byrne.
On geodesic problems in location analysis: location with distance dependent regions.
Justo Puerto.
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16:30-17:50 W3a: Discrete Location (Chair: Eduardo Moreno)

The Bounded Fixed-Charge Problem: A Compact and Tight Extended Formulation.
Kobe Grobben, Hande Yaman , Phablo Moura.

Location of services in urban areas using presence data and GIS information.
Francesco Bianchi, Giovanni Felici, Giuseppe Stecca.

Pattern-based Kernel Search for the Single-source Capacitated Facility Location Problem.
Hannah Bakker, Gianfranco Guastaroba, Stefan Nickel, M. Grazia Speranza.

Stochastic facility location problem with outsourcing costs.
Eduardo Moreno, Javiera Barrera, lvana Ljubié.

16:30-17:50 W3b: Network Design (Chair: Elena Fernandez)
Minmax location models for power system restoration problems.
Hatice Calik, Dirk Van Hertem, Hande Yaman.

Dynamic Programming and Block-Cut Tree Decompositions for the Maximum Covering
Network Design Problem.
Felix Rauh, Jannik Matuschke, Hande Yaman.

Extending the -Cent-Dian concept in Network Design Problems.
Victor Bucarey, Natividad Gonzalez-Blanco, Martine Labbé, Juan A. Mesa.

The Multiple-Picker Order Assignment Routing Problem.
Elena Ferndndez, Manuel Mufioz-Marquez, Jessica Rodriguez-Pereira.
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Thursday, September 18, 2025

9:00-10:00

10:00-11:00

T1la: Location Routing T1b: Network Design

EWGLA Plenary talk (b)

An EU-Wide Electricity Generation Capacity Expansion
Problem subject to Network Constraints
Anthony Papavasiliou
National Technical University of Athens, Greece
(Chair: Hatice Calik)

11:00-11:30

11:30-12:50

13:00-14:30

14:30-15:50

15:50-16:40

Photo and coled (T)
T2a: Bilevel T2b: Hub Location

Lunch (C)

T3a: Covering Location T3b: Capacitated Facility Location

Spanish Network Location Session (1)

18:00-21:00

Social activities (*)

Details of the Presentation Rooms

@
(b)

0
(M
©)
*)

Classroom Building (Aulario), 1st Floor, Room 1.20A
Classroom Building (Aulario), 1st Floor, Room 1.20B
INDESS Auditorium (Salén de Actos)

Cafeteria Terrace

Cafeteria Dining Area

City center
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Parallel Sessions Overview

9:00-10:00 T1la: Location Routing (Chair: Maria Albareda-Sambola)

Designing resilient networks: A robust approach to the location-routing problem.
Bruna Figueiredo, Amaro de Sousa, Rui Borges Lopes.

A Location-Routing Problem with Customers’ Delivery Preferences.
José Emmanuel Gomez-Rocha, José-Fernando Camacho-Vallejo, Elena Fernandez.

Resource balancing through route combination.
Maria Albareda-Sambola, Juan A. Diaz, Dolores E. Luna-Reyes, Victoria Rebillas-Loredo.

9:00-10:00 T1b: Network Design (Chair: Antonio M. Rodriguez-Chia)

Deep-learning Aided Crowdshipping Network Design with External Delivery Vehicles.
Ramazan Cevik, Ali Sardag, Baris Yildiz

Scheduled Service Network Design for Integrated Passenger and Freight Transportation.
Krissada Tundulyasaree, Emrah Demir, Rolf N. van Lieshout, Layla Martin, Tom Van
Woensel.

Cargo allocation problem on road transport subject to driving-time regulations.
Inmaculada Espejo, Juan Manuel Mufioz-Ocafia, Teresa Navarro, Raul Paez,

Antonio M. Rodriguez-Chia.
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11:30-12:50 T2a: Bilevel (Chair: Simona Mancini)

Order then optimize: a flexible modeling framework in Location Science.
Victor Blanco, Miguel A. Pozo, Justo Puerto, Alberto Torrejon.

New generalized Stackelberg solutions in Security Games.
Lina Mallozzi, Justo Puerto, Francisco Temprano.

A Deterministic Utility Model for the Leader-Follower Competitive Facility Location
Problem with Facility Attractiveness.
Julius Ho [mhnn, Stefan Nickel.

Competitive bi-level facility location with levels of service and stochastic customers

preferences.
Simona Mancini, Leandro C. Coelho.

11:30-12:50 T2b: Hub Location (Chair: Armin Lier-Villagra)

Locating Sorting Modules in a Multi-Hub E-Commerce Logistics Network.
Zeynep Ezgi Kurban, Bahar Yetis Kara, Oya Karasan.

Study of parameter perturbations in the uncapacitated p-hub median location problem
with Machine Learning.
Inigo Martin Melero, Mercedes Landete Ruiz, Vanesa Guerrero.

Tight lower bounds for Multiple Allocation HLPs from two-index supermodular inequali-
ties.
Elena Fernandez, Nicolas Zerega.

A stochastic hub location and protection problem.
Armin Luer-Villagra, Gonzalo Méndez-Vogel, Vladimir Marianov.
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14:30 15:50 T3a: Covering Location (Chair: loannis Giannikos)

Enhancing Fairness in Emergency Medical Service: Single- and Bi-Objective Model
Formulations.
Isabel Wiemer Jutta Geldermann

Maximal Covering Location Problem with Random Utilities for Urban Recycling: Modeling
User Behavior and Bin Over ow Constraints.
Gonzalo Méndez-VogelSebastian Davila-Galvez, Pedro Jara-Moroni, Jorge Zamorano

Preliminary results on the generalized vertex cover problem.
Juan Francisco Correcher, Mercedes Landete, Juanjo PeiHande Yaman

Probabilistic Cooperative Coverage Location Problems: a Robust Optimization Approach.
loannis GiannikosMaria Mihopoulou

14:30 15:50 T3b: Capacitated Facility Location (Chair: Pascual Fernandez)

A combinatorial branch-and-bound algorithm for the single-source capacitated facility
location problem with strict customer preferences.
Christina Busing, Felix Engelhardt, Sophia Wrede

Combined risk attitudes in optimization models.
Juan M. Mufioz-Ocafia Antonio M. Rodriguez- Chia, Francisco Saldanha-da-Gama

Optimal location of synchronization servers and robust radio base concentrator assigna-
tion in telecommunications networks.

Pedro Pifleyrg Antonio Mauttone, Federico Molina, Enrique Munné, Alejandro Pascual,
Carlos Testuri

A Capacitated Discrete Competitive Facility Location and Design Model with Two
Customers Choice Rules Sequentially Applied.
Pascual FerndndezAlgirdas Lan£inskas, Julius Silinskas
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Friday, September 19, 2025

9:2010:00 Fla: Location Routing F1b: Humanitarian Logistics

10:00 11:00 IWOLOCA Plenary talk (b)
Celebrating Thirty EWGLA Meetings: A personal retrospective
on Location Analysis
Vladimir Marianov
Ponti cia Universidad Catdlica de Chile, Chile
(Chair: Victor Blanco)

11:00 11:30 Coee (T)

11:30 12:50 F2a: Covering Location F2b: Graph Theory

13:00 14:30
14:30 15:30 F3a: Bilevel F3b: Applications

15:30 16:00
(ICHOONVA O F4a: Competitive Location F4b: Humanitarian Logistics
17:00 17:50 EWGLA Session (S)

20:30 22:30 Gala dinner (*)

Details of the Presentation Rooms

(a) Classroom Building (Aulario), 1st Floor, Room 1.20A
(b) Classroom Building (Aulario), 1st Floor, Room 1.20B
(S) Auditorium (Salon de Actos)

(T) Cafeteria Terrace

(C) Cafeteria Dining Area

(*) Gonzélez Byass
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Parallel Sessions Overview

9:20 10:00 Fla: Location Routing (Chair: Lavinia Amorosi)

A Time Space Network Model for a Truck and Drones Delivery System with Battery
Recharging and Variable Speeds.

Lavinia Amorosi, Paolo Dell'OImo, Justo Puerto, Carlos Valverde

Preemptive Drone Coverage Path Planning with Variable Altitudes.
Lavinia Amorosj Paolo Dell'Olmo, Justo Puerto, Carlos Valverde

9:20 10:00 F1b: Humanitarian Logistics (Chair: Jessica Rodriguez-Pereira)

Team Formation and Debris Assignment for Post-Disaster Search and Rescue Operations:
An Operational Research Perspective.

Egehan U8ra? Zehranaz Dénmez Varol, Bahar Y. Kara

Logistics planning for post-disaster resilience assessment under uncertainty.

Asena Kaplan,Jessica Rodriguez-Pereir@Burcu Balgik, Marie-Eve Rancourt, Gilbert
Laporte.
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11:30 12:50 F2a: Covering Location (Chair: Claudio Sterle)

The Maximum Capture Facility Location with Random OWA Utilities.
Concepcion DominguezRicardo Gazquez, Juan Miguel Morales, Salvador Pineda

Upgrading on edges and facilities for the Multi-Type Maximal Covering Location Problem.
Marta Baldomero-Naranjo, Ricardo GazqueAntonio M. Rodriguez-Chia

Integrating E-Scooters into Urban Mobility: Coupled Location Problems for Seamless
Multimodal Transport.
Nicolas Frohlich, Klara Ho mann Anita Schdbel

The Clustered Multimode Set Covering Problem.
Andrea Mancuso, Antonio Manuel Rodriguez-Chia, Francisco Saldanha-da-Gabadio Sterle

11:30 12:50 F2b: Graph Theory (Chair: Mercedes Landete)

New mixed-integer linear models for the 2-Layer Straight Line Crossing Minimization
Problem.
Inmaculada EspejoMercedes Landete, Juanjo Peito

Uniform partitioning problems andk-dimensional assignment.
Isabella Lari Federica Ricca, Andrea Scozzari

Optimal Mediated Graphs and Where to Find Them: Hidden Combinatorics Underneath
Conic Algebraic Geometry.
Victor Blanco, Miguel Martinez-Antén

Linear constraints for describing spanning trees representing complete linkage dendro-
grams.
Martine Labbé, Mercedes LandeteMarina Leal, Lorena Nacher
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14:30 15:30 F3a: Bilevel (Chair: José-Fernando Camacho-Vallejo)

A bilevel model for locating garment recycling bins.
Damaris Arizhay Davila SoriaMario Alberto Aguirre-Lopez, Jose-Fernando Camacho-
Vallejo.

Optimizing the Location of Waste Transfer Stations and Treatment Facilities for Sus-
tainable Urban Solid Waste Management.

Krystel M. Rodriguez José-Fernando Camacho-Vallejo, Rosa G. Gonzéalez-Ramirez,
Juan G. Villegas

A Bilevel Approach to the Location-Routing Problem for PET Bottle Collection.
José-Fernando Camacho-Vallej&va Selene Hernandez-Gress, Carlos Corpus , Ali Za-
hedi

14:30 15:30 F3b: Applications (Chair: Anita Schébel)

A Multi-Objective Mixed Integer Linear Programming Model for In-Motion Charging
Location Planning.
Mohammad Javad EslamiThomas Byrne, Mahdi Doostmohammadi

New Mathematical Models of Clustered Vehicle Routing Problem for the Waste Collection
Process.
Yaren Celik Kumru Didem Atalay, Berna Dengiz, Tusan Derya, Bahar Yeti® Kara

The Skip-Stop Problem in Public Transportation.
Ricardo Reicherz, Anita Schobel
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16:00 17:00 F4a: Competitive Location (Chair: Pedro Godinho)

A Stackelberg location game on the plane with equilibrium delivered prices.
José FernandezBoglarka G. Toth.

Collection points placement in urban delivery: A game-theoretic analysis of public and
competitive strategies.

Fabio Mercurig Margarida Carvalho, Sonja U.K. Rohmer, Loe Schlicher, Tom Van
Woensel

Competitive Location with NPV Maximization in a Discrete Setting: Comparing Sequen-
tial and Simultaneous Decisions.
Pedro Godinho

16:00 16:40 F4b: Humanitarian Logistics (Chair: Serena Fugaro)

Managing Involuntary Migration.
Melek Tuncel| Bahar Y. Kara

Bi-objective Location of Temporary Logistics Hubs for Enhancing Post-Disaster Relief
Operations.
Serena FugarpAntonino Sgalambro
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Location and Transportation Problems in Humanitarian Logistics:
Models, Insights, and Future Directions

Burcu Balg¢ k
Ozye8in University, Turkiye purcu.balcik@ozyegin.edu.tr

Introduction

Humanitarian logistics involves the planning, implementing, and coordinating supply chain
and logistics activities to ensure the timely and e ective delivery of assistance to populations
a ected by crises. It is a young research eld that has expanded rapidly over the past two
decades in response to the increasing frequency and severity of natural disasters, con icts,
public health emergencies, and growing vulnerabilities across various regions. The complexity
and scale of today's humanitarian operations make the need for systematic, data-driven,
e ective, equitable, and e cient solutions more urgent than ever. In this regard, Operations
Research (OR) has the potential to play a critical role in supporting decision-making in
humanitarian logistics.

Existing humanitarian logistics literature addresses numerous problems involving location
and transportation decisions, often under severe uncertainty, time pressure, and information
scarcity. Unlike in many commercial settings where optimization focuses on e ciency or
pro t, humanitarian contexts require models that also incorporate equity, urgency, and ethical
considerations. Understanding operational realities is key to designing OR approaches that
can truly make an impact.

This plenary talk provides an overview of OR problems involving location and transportation
decisions across the disaster management cycle and illustrates how such models can support
better disaster preparedness and response. Selected research projects will be presented to
highlight the practical challenges faced in various phases. The talk will also re ect on the role
of practitioner collaboration and outline future research directions.

OR Problems across Disaster Management Phases

Each phase of the disaster management cycle, which includes mitigation, preparedness, re-
sponse, and recovery, involves distinct logistical problems, shaped by unique operational
priorities and constraints.

Before a disaster, in the mitigation phase, the focus is on building resilience and reducing
long-term vulnerabilities. Typical problems include strengthening critical infrastructure, de-
signing disaster-resilient transportation networks, and developing early warning systems that
trigger action before disasters hit. The preparedness phase emphasizes the development
of logistical capacity and mechanisms for e ective emergency response. Relevant problems
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include strategically prepositioning relief supplies, designing supply chains and distribution
networks, and planning inventories of essential goods. Addressing uncertainty in demand,
access conditions, and funding is a signi cant challenge at this stage.

In the aftermath of a disaster, the response phase is characterized by urgency and information
scarcity. Organizations must rapidly assess needs and deliver aid in disrupted environments.
Key problems include assessing needs and damage, prioritizing a ected regions, and distribut-
ing aid under dynamic conditions. The recovery phase focuses on restoring infrastructure
and providing continued support to a ected populations. Relevant logistics problems include
coordinating debris removal, delivering long-term aid, and rebuilding interdependent systems
such as transportation, power, and healthcare networks.

Each phase poses speci ¢ modeling challenges, but there is a unifying theme: the need for
evidence-based decision-making under uncertainty. Drawing on long-term collaborations with
humanitarian organizations, | will share insights into how real-world operational needs have
shaped problem formulations, modeling approaches, and the design of practical decision-
support tools that leverage the power of operations research (OR) to address the complexities
of data-scarce, resource-constrained, and high-stakes humanitarian environments.

Future Directions

There are numerous opportunities for the OR and location science communities to contribute
meaningfully to humanitarian logistics and disaster management. Future research could focus
on themes such as adaptive planning, anticipatory action, collaborative and coordination
mechanisms, as well as the opportunities and challenges introduced by emerging technologies.
Advancing work in these areas requires deeper collaboration with practitioners and stronger
interdisciplinary engagement. This presentation will conclude with a discussion of promising
directions that can help design better humanitarian logistics systems using OR and analytics.
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An EU-Wide Electricity Generation Capacity Expansion Problem
subject to Network Constraints

Daniel Avila 2, Anthony Papavasiliou ®*, Marilena Zampara P, Georg Thomassen¢, David

Pozo-Camara®

a Arktos Analytics, Belgium,daniel_avila@mail.ntua.gr

b National Technical University of Athens, Greece,
papavasiliou@mail.ntua.gr , zampara@power.ece.ntua.gr

¢ Joint Research Center (Ispra), ItalyGeorg. THOMASSEN@ec.europa.eu

d Joint Research Center (Petten), NetherlandsDavid.POZO-CAMARA@ec.europa.eu
Plenary speaker.

Introduction

The European Union has set ambitious renewable energy integration targets over the following
decades as part of its climate, environmental protection and sustainability policy. These
targets translate into concrete minimum targets for the supply of renewable energy sources, in
particular wind and solar energy. Our focus in this work is to formulate and solve an EU-wide
power generation expansion problem with such renewable energy targets. The model that we
formulate provides an optimal generation expansion plan while accounting for uncertainty in
future European climate scenarios as well as constraints in the ability of the power network
to transport electric power from locations of abundant renewable supply to locations of high
electricity demand.

Problem Description

The generation capacity expansion problem that we formulate is a massive-scale two-stage
stochastic linear program. The rst-stage decisions of the model correspond to hundreds of
renewable energy projects that are to be selected among thousands of candidates. Uncertainty
corresponds to the realization of climate scenarios, which correspond to past climate years
and translate to di erent patterns of locational demand for electric power. The second-stage
decisions correspond to the locational production of electric energy, and the resulting routing
of this electric energy over the electric power grid, as dictated by physical laws which result in
the so-called power ow equations.

Algorithmics

The resulting capacity expansion problem is of massive scale. As it covers the entire European
continent, the underlying network consists of thousands of high-voltage power grid nodes,
thousands of high-voltage transmission lines, a one-year horizon with high granular resolution
(i.e. close to an hourly resolution), and 15 climate scenarios. Moreover, the annual renewable
energy integration targets create an interesting additional complication: the weighted average
of renewable energy that is absorbed over di erent scenarios must exceed a minimum threshold.
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This translates into a direct coupling of scenarios, in contrast to an indirect coupling via
rst-stage decisions, which implies that standard decomposition techniques (such as cutting
plane methods) cannot be applied directly.

We propose a two-layer decomposition algorithm for tackling the problem. The outer layer
is a reformulation, inspired by recent literature on capacity expansion [2], which allows us
to decouple the constraint that binds the uncertainty scenarios. A decomposition strategy
for decoupling scenarios follows, which relies on standard regularization methods [1]. An
inner decomposition strategy is employed for decoupling the time stages of each scenario,
which is inspired by recent literature on capacity expansion [2]. The overall algorithm is
implemented on the ARIS high performance computing cluster of GRNET. An initialization
strategy which computes anticipative capacity con gurations for each region of the EU is
employed for initializing the algorithm from a reasonable starting point. This allows us to
tackle the problem within a few days of run time using a few hundred CPUs for implementing
our proposed decomposition.

Results

We analyze the results of our algorithm by computing the value of the stochastic solution,
as well as the expected value of perfect information. We further compare the results of
this EU-wide solution to less coordinated strategies that tackle isolated European regions in
isolation.

Bibliography

[1] Birge, John R., and Francois Louveaux. Introduction to stochastic programming8pringer Science
and Business Media2025.

[2] Pecci, Filippo and Jenkins, Jesse D. Regularized benders decomposition for high performance
capacity expansion modeldEEE Transactions on Power System2025.
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Celebrating Thirty EWGLA Meetings: A personal retrospective
on Location Analysis

Vladimir Marianov 2P

a Departamento de Ingenieria Eléctrica, Ponti cia Universidad Catélica de Chitearianov@uc.cl
b Instituto Sistemas Complejos de Ingenieria (ISCHladimir.marianov@gmail.com

By 1985, when the rst EWGLA Meeting was held in Dijon, France (featuring 12 talks), there
was already an active community working in the eld of Facility Location. Researchers were
proposing sophisticated models, studying mathematical properties of the problems, nding
applications, and developing solution methods. To follow all the literature on Location Analysis
was already a very di cult task. Now, it became nearly impossible, so this talk will be limited
to a some of the areas | have touched since the '80s.

A hot topic in the '80s was the location of emergency services, on which there was already
much done by ReVelle, Church, Daskin, Larson, Berman, Odoni, Batta, Chiu, Brandeau, et

al. These researchers belonged to two disjoint groups, and between them there were very
few mutual citations. There was a gap consisting of integrating queueing and linear integer

models. | made this my rst task, and Emergency Services will be the rst area of the talk.

With Dan Serra we found in 1993 a problem which, unlike mobile emergency services, was
untouched in the literature: Representation of congested immobile facilities, especially using
linear formulations. This gave birth to a second line of research with unexpected rami cations,
and this will be the second area in the talk.

At the same time, with Serra and ReVelle, we got interested in two problems: the hierarchical
maximum capture problem, and the rst competitive hub location problem. There were two
lines involved: Hub location problems, and competitive location problems. | followed both.

Hub location problems were suggested by Goldman in 1969, put in the form of an integer
programming formulation by O'Kelly in 1986 and 1987, and being dealt with by O'Kelly,
Campbell, Aykin, Klincewicz, the Skorin-Kapovs, Ernst and Krishnamoorthy, Drezner, Sasaki
and Suzuki, among others. There were still untouched extensions, which are described in the
talk.

Last, competitive problems had a long story: Hotelling in 1929 solved (with a aw) the
problem of two rms on a bounded line. This was a eld with several big names working on it,
including the Drezners, Berman, Eiselt, Pelegrin, Plastria, Fernandez, among others. | got
into the eld, starting with simple competition rules and ending with more elaborated models
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of consumer behavior.

As someone said, it is very dicult to predict especially the future. And predictions
become a joke when the future arrives. Still, I will risk mentioning two or three topics that
look promising.
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Introduction

This work addresses the Multi-Depot Vehicle Routing Problem (MDVRP) with Vehicle
Interchanges. In the MDVRP, one aims at minimizing the cost of distributing the goods
demanded by the customers in a region by vehicle routes, under the assumption that the
capacities of the containers must be satis ed, limits on the route durations are respected, and
each route nishes at the same depot where it started.

When the demands of the customers are not evenly spread in the region, the constraints
concerning vehicle capacities and those concerning route durations may enter in con ict, and,
as a result, some routes may be obtained where either the capacity of the vehicle containers
or the driver time availability are signi cantly underused.

The MDVRP with vehicle interchanges (MDVRP-VI) is is an extension of this problem that
aims at avoiding this. To this end, couples of routes can meet at prespeci ed locations in
order to interchange their containers. Therefore, although each truck/driver pair must nish
its route at its original location, containers can perform trips from one depot to a di erent
one. This allows for more exibility and lower transportation costs are expected.

Methodology

We present a three-phase matheuristic for addressing the MDVRP-VI. In a rst phase, a
GRASP heuristic is presented, to build a diversity of good quality paths starting at a depot,
and visiting some customers. In a second phase, some of the paths built in the GRASP phase
are combined using mathematical programming to generate a feasible solution. In a third
phase, this solution is improved by means of a Local Search based algorithm.

At each iteration of the GRASP component of the heuristic, a partial route is either nished,
with a probability that takes into account route duration and vehicle capacity, or it is extended
with a new customer following a randomized nearest-neighbor criterion. The algorithm
terminates when all customers have been added in one of the paths.

Then, in the second phase of the proposed method, all di erent paths obtained on a series of
runs of the GRASP phase are considered, and they are combined into one feasible solution
using mathematical programming.

Finally, the solution obtained is improved by applying Local Search over a variety of neighbor-
hoods.
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Introduction

We present a second order cone mixed-integer programming formulation for a monitoring
system based on one drone that moves freely in the space. We assume to have a set of
not overlapping areas in the plane to be covered, represented by polygons, and one depot.
The problem consists in nding the set of tours starting and ending at the depot the drone
must perform in order to cover all the areas under analysis, taking into account its limited
endurance. The proposed formulation embeds the drone altitude selection from a set of
possible values associated with each area. This is motivated by the necessity to inspect each
area with di erent levels of precision. Moreover, it is assumed that there is a set of points,
with limited cardinality, associated with each area, from where the drone can interrupt the
monitoring and exit to reach another area where the same process can be repeated. When
the drone attains its minimum energy level, it must go back to the depot to swap battery
and start a new tour, until all the areas have been covered. The optimization is performed
by minimizing the total completion time. Preliminary computational results on a testbed of
arti cial instances are presented together an analysis of the obtained solutions.
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Pattern-based Kernel Search

We introduce Pattern-based Kernel Search (PaKS), a two-phase heuristic expanding the
successful Kernel Search (KS) for the capacitated facility location problem with single sourcing
(SS-CFLP) presented in [3]. KS is a metaheuristic that leverages the fact that solving a
sequence of small-size BIPs can be more e cient than solving one large BIP. KS partitions
decision variables into disjoint subsets: a kernel containing the promising variables (those
likely to be non-zero in an optimal solution) and complementary buckets. An initial solution
is obtained by solving the restricted BIP that includes only the kernel variables while forcing
all others to zero. Subsequently, a sequence of restricted BIPs combining kernel and bucket
variables is solved, progressively improving the solution and updating the kernel with the
non-zero variables.

(a) PaKs. (b) KS [3].

Figure 1: lllustration of the kernel locations (red circles) among facilities (circles) and customers (triangles) in the large
square, the color-coded assignment of facilities and customers to distinct regions, and the resulting buckets for
PaKS and KS (smaller squares). The illustration of the buckets displays how the implied spatial information is
provided by PaKS through bucket allocations to distinct regions.

The performance of KS is critically impacted by the partitioning of the variables between the
kernel and the buckets. KS relies solely on information from the LP relaxation to make this
decision. In contrast, PaKS bases the partitioning on the results of an analysis of the instance
conducted in its rst phase. PaKS solves the initial LP relaxation plus a series of modi ed LP
relaxations. Pattern recognition is then applied to these solutions to determine the importance
and interrelationships among decision variables. As a result, facilities and customers are divided
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into distinct regions, with each region corresponding to a bucket. As illustrated in Figure 1 (a),
in PaKS the variables in each bucket are regionally con ned, ensuring that only allocations
to proximate customers are considered. Consequently, PaKS solves a sequence of restricted
MIPs re ning the initial kernel solution region by region to capture the relevant interactions in
the restricted BIPs. A bene cial outcome is that the spatial information obtained from the

rst phase signi cantly reduces the set of allocation variables, leading to smaller restricted
BIPs and enabling the e cient solution of larger problem sizes. The second phase of PaKS
works along the general lines of a kernel search framework.

Computational Results

We conducted extensive computational experiments on sets of well-known benchmark instances.
PaKS was implemented in Python 3.9 and each BIP was solved with CPLEX version 22.1.
For the SS-CFLP, the largest instances solved in the literature are the TBED-1 set introduced
in [1], which comprises up to 1000 facilities and customers each. After comparing a novel
implementation of KS with state-of-the-art heuristics, and CPLEX, our results show that KS
remains the best-performing heuristic from the literature in terms of both objective function
value and solution time.

Both KS and PaKS outperform CPLEX and perform comparably on TBED-1. However, a
detailed analysis reveals that PaKS outperforms KS on the largest instances in the set. We
further extended our experiments to larger instances in sets TB-A, TB-B, and TB-C ([2]),
which include up to 2000 facilities and customers each, and have, until now, been solved
only for the multi-source CFLP. As shown in Figure 2 for TB-A, PaKS achieves signi cantly
lower objective function values than both KS and CPLEX. Furthermore, it identi es feasible
solutions more robustly than KS within the given timelimit 99% of the large-scale instances
compared to 79% for KS. These ndings clearly demonstrate PaKS's strong potential for
addressing very large-scale problems.

Figure 2: Distribution of the average percentage gap between the objective value and the best known lower bound for
140 TB-A instances, each solved within a 7200-second time limit.
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Introduction

Support Vector Machines (SVM) is one of the most popular optimization based tools for
supervised binary classi cation [2]. The linear SVM methodology is based on nding the
location of a separating hyperplane between the two classes that both maximizes the separation
between classes and minimizes the sum of the misclassi cation errors. One of the main
advantages of this tool is that, using the convexity properties of the problem one can compute,
via the kernel trick non linear separators with the same (or less) e ort than a linear one.
Nevertheless, this tool is designed only for two-class instances by means of locating single
separating hyperplane. Some e ort have been done in the last years to extend SVMs to
multi-class instances by using multiple separating hyperplanes, but the challenge is still open
due to the computational di culty of the problem that is compared with the extension in
Facility Location from the continuous single facility location problem (a.k.a. Weber problem)
to its multi-facility counterpart.

The most popular extensions of SVM to instances with multiple classes, although suboptimal,
are the so-called One-Versus-Rest and One-Versus-One, which are based on solving, indepen-
dently, small instances of binary SVMs for di erent subsets of the training sample. Although
one can extend the properties of SVM to these approaches, it has been shown that they
allow to provide good classi ers only for instances which are geometrically simple. In other
line of extensions, in [3], [4], and [5] the authors propose di erent compact mathematical
optimization based approaches to model the multiclass SVM problem. Nevertheless, these
extensions are based on mathematical optimization models which do not keep the main
paradigm of the optimization problem behind SVM, which is to construct linear structures
that both minimize the missclassi cation errors but also that maximize the separation between
the di erent classes. With this in mind, in [1], the authors propose a compact Mixed Integer
NonLinear programming model to maximize the minimum separation between the classes
assigned to the cells induced by the arrangement of hyperplanes. The main bottleneck of
this approach is the limited size of the training instances that can be optimally solved, since
the models consider di erent discrete decisions in the models as the assignments of cells to
classes, assignments of observations to cells and classes, di erent types of missclassi cation
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errors, etc.

In this work, we provide an alternative and simpli ed compact mathematical optimization
model for the multiple-hyperplanes SVM methodology with signi cantly fewer variables and
constraints than the previous approaches, also with fewer parameters to tune. We strengthen
the proposed model by reducing the number of variables and handling symmetries with di erent
strategies. We also prove that the kernel trick can be applied to our methodology, being able to
construct multiple non linear separating classi ers. For larger instances, we provide a clustering
based adaptative math-heuristic approach that allows to derive good quality classi ers for
large scale instances, as well as an add-hoc parameter tuning strategy that avoid searching on
a huge grid of possible parameters. First, we validate our proposal computationally, comparing
the performance of the mathematical optimization model of our model with all its di erent
strenthening strategies, and also with other models in the literature. Second we analyze the
performance of our approach both on synthetic and real datasets.
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Travel time is a critical issue, with the average cost of a unit of time increasing and so with
it the customers' and suppliers’ willingness to pay more in order to save time (one of the
rarest resources they possess). The prominent question when given a surplus of choice of
comparable suppliers is: which supplier can the customer reach the fastest? Crucial to the
answer to this question is location, dictating the routes taken from supply to demand and so
the speed of access.

The vast majority of planar location problems rely on the assumption that the traversable
region is navigable at a uniform speed. However, this supposition is not a realistic one for
many real-world applications. Di ering infrastructure allows journeys to be conducted on
routes of variable set speeds (e.g. driving along a country road or an autobahn) and using
di erent modes of transfer (e.g. by foot or by bullet train). Due to the transport provisions
available, the optimal path taken between two points is rarely a straight line, and usually some
diversion is made in order to be able to travel along a faster route. Therefore we can rarely
use straight-line' distances to model how people and things move between points, and must
instead revert to geodesic distances.

Additionally, while a discrete set of demand points often adequately re ects industrial problems,
for commercial and public service facilities in an urban environment, there can be millions of
potential customers, and it is impracticable to represent every customer site as a separate
demand point. Instead, one could aggregate customers into a smaller number of meta-
customers, e.g. by postal codes, census tracts, or wards. This, however, introduces various
kinds of aggregation errors to the problem, which can be quite pronounced. A second, more
accurate, approach is to model customer demand as continuously distributed over the speci ed
area which also lends itself much better to the uncertain and sporadic nature of some demands.
Solving either of these two extensions (continuous demand and a rapid transit line) inde-
pendently is challenging, but both combined is even more so. Planar location problems
with discrete demand and Euclidean distances can be solved analytically, without having to
investigate any geometric properties of the problem. For the Manhattan norm, one can even
discretise the solution space and pose the problem as an equivalent discrete location problem
[3]. Not so for continuous demand distributions with multiple facilities. Following stipulation
of the locations of allp facilities, the demand space has to be subdivided into areas known
as "Voronoi cells' which represent each facility's captured demand; the resulting patrtition is
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called the "Voronoi diagram'. In order to solve the problem, merely calculating the Voronoi
diagram based on the facility locations is insu cient. Instead, it is essential to study the
structure of the Voronoi diagram, i.e. the position and the geometry of the cell boundaries,
and how it changes dynamically when one or more of the facilities ‘'move around' on the plane.
Unfortunately, this structure can alter dramatically, which makes it generally nigh impossible
to represent the objective function of the problem in closed form, and renders the formulation
of the underlying optimisation problems very challenging [1].

These di culties are exacerbated when we introduce rapid transit lines. In this case, we have
to replace the regular “straight-line' distances with their geodesic counterparts. While some
solution methods for line location problems with discrete demand require the calculation of
the line-enhanced Voronoi diagram, this static Voronoi diagram of the xed demand points is
not a ected by the locations of the facilities and there is not even a derivable equivalent for
continuous customer demand, invalidating any exact solution method for discrete demand line
problems.

This work mirrors closely that of [2] and explores a variety of conditional location problems
(wherein the optimal location for an additional facility is sought) over a convex polygonal
market region in the rectilinear plane. We assume that the demand is continuous and uniform
within the market region, with customers being served by the nearest facility only (measured in
time). Additionally, contained within the market region is one known rapid transit line (along
which paths can travel at a preset constant speed) and we consider separately the properties
that the rapid transit line can be accessed only at its endpoints or at any point along its route.
Our goal is to develop a polynomial exact algorithm to work with this continuous demand and
an arbitrary rapid transit line. To that end, we begin with an in-depth analysis of shortest
paths in the presence of a rapid transit line and the representation of the bisectors of two
facilities a ected by the rapid transit line as well as the conditions for its existence within
the Voronoi diagram. Following this, a detailed investigation into the structural properties
of geodesic Voronoi diagrams enables us to solve the overlying optimisation problem itself
by restricting the location of the new facility to a sub-region where the resulting geodesic
Voronoi diagram is “structurally identical' for every point in the region. Given such regions, we
derive a parametric representation of the objective function which is valid for any location in
the region. By this means we optimise the location of the new facility over this region using
classical non-linear programming techniques, and the best optimal location of each sub-region
is the optimal solution to the problem.
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Introduction

In recent decades, we have experienced numerous extreme weather events due to climate
change. Many of these events resulted in disruptions to power systems, leading to outages or
complete blackouts. Blackouts are emergency situations that require e cient and e ective
management, as prolonged blackouts can have profound economic and societal impacts [3].
Europe has ambitious goals to reach net zero greenhouse gas emissions by 2050. Achieving
this requires transitioning to power systems that utilize renewable energy sources and battery
energy storage systems (BESS). This paced transition necessitates e ective decision-making
for the careful selection of BESS locations, combined with e cient restoration of power
systems after potential blackouts.

In a complete blackout situation, all network components are down, and there is no electricity
generation, transmission, or distribution. In such scenarios, the power system is restored
gradually by rst energizing the so-calledlack-start generators(BSs), which are capable of
restarting themselves. Next, the order of energizing the non-black-start generators (NBSs)
and critical loads, such as hospitals and tra c lights, must be determined. These NBSs
and critical loads require a certain amount of external power (cranking power) to be started.
NBSs have varying cranking powers and periods (time needed to begin generating power),
generation capacities, and ramping periods to reach maximum capacity. The problem, where
the objective is to minimize the latest start-up time of all components, is referred to as the
generator start-up sequencing probleGSS). GSS is NP-Hard [4].

During power system restoration, it is crucial to prevent network overload and ensure stability
to avoid cascading power outages. To facilitate this, a common practice is to divide the
network into islands, where each island has a BS and all network components within an island
are connected [6]. The integration of islanding and GSS, combined with BESS location
decisions, results in a highly challenging NP-Hard optimization problem.

Inspired by the e ectivep-center formulations in the location literature [5, 1], we develop
integer programming formulations and decomposition algorithms for solving the aforementioned
power system restoration problems. We improve the GSS formulation by [2] to reduce the
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number of variables and constraints which we then solve very e ciently within a binary
search framework. This inspires us in solving the integrated islanding and GSS problem more
e ciently compared to the formulation by [4]. We nally exploit these methods to solve the
generalized problem with location decisions.

Bibliography

[1]
[2]

[3]

[4]
[5]
[6]

Calik, H. and Tansel, B. C. Double bound method for solving thgcenter location problem.
Computers & Operations research40 (12), 2991 2999, 2013.

Cal k, H., Ergun, H., Yurtseven, K., and Van Hertem, D. A bi-objective approach to power system
restoration with renewable participation. IEEE 2024 18th International Conference on Probabilistic
Methods Applied to Power Systems (PMAPS 2024), Date: 24-26 Jun 2024, Location: Auckland
University of Technology, Auckland, New Zealand, 2024.

Capitanescu, F. Are We Prepared Against Blackouts During the Energy Transition?: Probabilistic
Risk-Based Decision Making Encompassing Jointly Security and ResiliendEE Power and
Energy Magazine21 (3), 77 86, 2023.

Chopra, S., Qiu, F., and Shim, S. Parallel Power System RestoratioiNFORMS Journal on
Computing, 35 (1), 233 247, 2023.

Elloumi, S., Labbé, M., and Pochet, Y. A new formulation and resolution method for thecenter
problem, INFORMS Journal on Computing16 (1), 84 94, 2004.

Qiu, F. and Li, P. An integrated approach for power system restoration planning. Proceedings of
the IEEE, 105 (7), 1234 1252, 2017.

50



30th EURO Working Group on Locational Analysis Meeting

A Bilevel Approach to the Location-Routing Problem for PET
Bottle Collection

José-Fernando Camacho-Vallejo*, Eva Selene Hernandez-Gress, Carlos Corpus, Ali
Zahedi

Tecnologico de Monterrey, Escuela de Ingenieria y Ciencias, Monterrey, México,
fernando.camacho@tec.mx evahgress@tec.mx

carlos.corpus@tec.mx , a00835541@tec.mx

" Presenting author.

Introduction

Plastic waste, particularly from PET bottles, has become a major environmental concern due
to its widespread use and slow degradation. E cient collection systems play a crucial role
in redirecting PET waste from land lIs or collection centers to recycling facilities, where it
can be processed into new products [5]. The location of collection centers for recycling has
attracted the attention of researchers in recent years (e.g., [1], [4]), as has the optimization
of recycling routes (e.g., [3]).

In this study, we address a problem in which a recycling company seeks to establish PET
bottle collection facilities to encourage individuals to drop o PET bottles from domestic use.
Additionally, individuals will receive a nancial incentive based on the amount of PET they
deposit. The recycling company must determine the price paid per kilogram of collected PET
at each facility.

Based on an estimate of the incentive they will receive, individuals decide whether to recycle.
After each period in the planning horizon, the recycling company designs a routing plan to
transport the collected PET from the facilities to a treatment plant. At the treatment plant,

the PET undergoes recycling and is transformed into small pellets, which are then sold to a
di erent market.

The recycling company's objective is to maximize pro t, which is calculated as the revenue
from selling recycled pellets minus operational costs, including those associated with facility
location and routing.

It is important to emphasize that individuals will recycle only if the incentives o ered are
bene cial to them. Therefore, we employ a bilevel optimization approach to model this
location-routing problem with pricing decisions. Since individuals are not obligated to recycle,
their autonomy in the decision-making process is evident, which justi es the proposed approach.
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Location, routing, and pricing decisions are made at the upper level. Location decisions
are determined using a GRASP. Once the locations of some collection facilities have been
selected, the structure of the lower-level problem can be exploited, allowing the optimal
pricing policy set by the recycling company to be obtained analytically. Consequently, this
approach avoids solving an embedded problem to determine the lower-level response. At this
stage of the solution methodology, the amount of collected PET at each facility is known.
Therefore, routing decisions are obtained using a commercial solver. After an initial solution is
constructed, a local search is applied to improve it. This scheme is embedded in an iterative
procedure, leading to a matheuristic algorithm. For a more in-depth discussion of matheuristic
algorithms, the reader is referred to [2].

To validate the proposed approach, a realistic case study from Mexico City is analyzed. The
results provide relevant managerial insights. Additionally, a sensitivity analysis is conducted on
the number of facilities to be located. The presentation concludes with promising ideas for

future research directions.
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Abstract

Waste management is a process that involves the collection, transportation, recycling, and
disposal of waste to protect the environment and ensure the e cient use of resources. Within
this domain, logistics optimization is a critical component that directly in uences operational

e ciency and cost e ectiveness. The Vehicle Routing Problem (VRP) is a combinatorial
optimization problem that aims to plan the most e cient distribution of goods or collection of
waste from one or more depots to speci ¢ locations. VRP, which is classi ed as an NP-hard
problem, has many real-world applications, including school bus routing, fuel distribution,
newspaper and mail delivery, retail product distribution, and waste collection.

Due to the variability of real-world scenarios, several variants of the VRP have been developed.
One such variant is the Clustered Vehicle Routing Problem (CluVRP), which groups customers
or collection points into predetermined clusters and determines the most optimal routes for
vehicles. An extension of this model, the Soft Clustered Vehicle Routing Problem (Soft
CluVRP), relaxes the constraint of single-entry cluster traversal, permitting multiple entries
and exits. This added exibility provides signi cant advantages, particularly in waste collection
processes, by reducing operational costs and improving overall e ciency.

This study addresses a real-world problem that involves the collection of waste from speci c
healthcare institutions and its transportation to a waste collection center. Mathematical
models have been developed for two distinct routing approaches, and their solutions have
been obtained. Sensitivity analyses were also performed to examine the e ects of changes in
the model parameters.
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Introduction

In recent decades, sustainability has become increasingly relevant in supply chain management
[1]. As one of the response, the circular supply chain (CSC) concept has emerged, aiming to
extend product life cycles through strategies such as recycling and reuse. A key aspect of
the recycling process is the strategic location of recycling infrastructures, such as collection
centers and drop-o points, which are important in improving system e ciency [2]. Several
studies have explored the bin location problem for di erent recyclable materials, considering
material hazards, social accessibility, logistics costs, and other critical aspects (see [4, 3]). One
particular area of focus is the textile industry, where the rise of fast fashion has led to excessive
clothing disposal, often before garments reach the end of their life. For this reason, it is crucial
to develop strategies that optimize collection while also facilitating textile reintegration without
relying on chemical processes. To address that challenge, this work proposes a strategy for
locating textile waste collection bins, considering accessibility for the population. In addition,
one possible approach to enhance the CSC is to allocate collected garments from these bins
to local remanufacturers specializing in upcycling, who reuse discarded textiles based on their
condition. Integrating local remanufacturers specialized in upcycling facilitates the direct
reinsertion of garments into new production cycles, reducing dependency on resource-intensive
recycling methods, and minimizing textile waste accumulation in land lIs.

Problem description

We consider a private recycling company responsible for collecting garments. This company
gathers garments in any condition by strategically placing collection bins across the city.
Assuming that individuals donating their garments do not seek any nancial incentives, the
placement of collection bins should prioritize accessibility to encourage participation. The
garments collected in each bin are then purchased by local re-manufacturing companies,
which have minimum and maximum budgets to ensure business viability and align with their
investment capacities, while also considering the pro ts they will generate from using the
garments purchased from each bin. In this context, two interrelated decision levels are
involved: one associated with the recycling company, and the other with the re-manufacturing
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companies. In the rst one, the recycling company is responsible for locating collection
bins to accumulate garments. This company seeks to maximize its pro t, which is de ned
as the income from the sales of collected garments. In the second level, re-manufacturing
companies aim to maximize their pro t by purchasing the bins from the recycling company.
Re-manufacturers o er a price per bin, which depends on transportation costs to their facilities
and the expected 'quality’ of the bins. The term 'quality’ refers to a subjective measure
perceived by re-manufacturers based on the bin's location, which in uences the projected
pro ts from selling the new products made from the garments in each bin, depending on
their specialization. Consequently, re-manufacturers may place di erent bids for the same
bin. This problem is formulated as a bilevel programming model, where decision-makers
interact in a hierarchical structure. At the upper level, the collection company acts as the
leader, seeking to maximize prot from selling the collected clothing. At the lower level,
independent remanufacturers act as followers, aiming to maximize their pro t from purchasing
the garments collected in the bins. The garment collected in each bin is assigned in their
entirety to a remanufacturer, ensuring that the minimum and maximum demand constraints
of each remanufacturer are met.

Solution method and results

Since we have a bilevel programming problem with A linear lower level, the model can be
reformulated into a single level problem. Then, we deal with this by using Karush-Kuhn-
Tucker conditions and proposing two metaheuristics to solve the resulting model. To validate
our method, we performed a deep comparative study between the implemented algorithms,
looking to compare computational e ciencies and the quality of the solutions. Finally, we
apply our model to a case study in Santiago, Chile, where we analyze the trade-o between
maximizing the recycling company's pro t, strengthening the link with local remanufacturers,
and minimizing the environmental impact of the collected garments. Through this analysis, we
highlight key insights that can guide more sustainable and economically viable decision-making
in textile recycling.
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Introduction

The growth of e-commerce is motivating the development of innovative solutions for e cient
and sustainable supply chains in the B2C parcel delivery market. Particularly, the focus is
on the last-mile logistics as the crucial phase. In this context, self-collection is a recent
but consolidated delivery strategy, allowing customers to autonomously collect parcels from
dedicated facilities, such as pick-up points ([1], [2]). Reduced reliance on home delivery allows
for the consolidation of parcels at these points, likely decreasing the number of operators
need to visit, lowering their daily workload, and generating cost savings. Accordingly, (i) the
reorganization of delivery operations based on pick-up point location scenarios and (ii) the
guanti cation of the associated economic impacts emerge as two relevant issues.

To address these, this study presents a practical methodological proposal for tlesign of
delivery areadn last-mile contexts. Notably, the organization of service areas in distribution
logistics is a consolidated practice. This is commonly approached by resortingduitory
design districting methodologies ([3]). In the literature, several successful examples of
districting applications in distribution logistics are found ([4], [5]). Nevertheless, studies that
include explicit routing considerations are limited, and, to the best of our knowledge, none of
the available works account for the uncertainties associated with daily visit probabilities at
customer nodes and pick-up points.

In fact, creating stable and robust territories may be a preferable alternative to solving
operational routing. As routes to visit all the customers requiring a parcel may vary from
day to day, a more tactical posture is convenient. The overall area to be served (e.g., a
city) can be grouped into a given number of delivery areas (thestricts), each assigned

to a speci c operator. This way, operators may follow a prede ned routing plan which
they adjust dynamically based on customers' daily appearances (skipping those that must
not be served) or organize their daily tours from scratch based on deterministic customer
information. Furthermore, such a districting approach enhances operatofamiliarity with
their zones, which improves their performance and heightens customer satisfaction in the
mid-to-long run. In fact, as the operator becomes familiar with his zone, he enhances his
ability to nd customers and, ultimately, his overall performance.
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In this context, our research introduces a novel districting procedure that, alongside other
typical planning criteria, accounts foworkload requirements As a practical condition, the
latter ensures that the expected workload in each district remains within speci ed limits
namely, that daily deliveries are completed in a maximum amount of time. The workload
includes the time required to travel, stop, and serve all points within the district (i.e., customers
and pick-up points). Thus, it re ects the day-to-day operators' e ort under a combination of
home delivery and self-collection strategies. The approach accounts for uncertainty associated
with customer preferences toward the strategies with the aim of assessing the impact of
di erent pick-up point network con gurations on delivery costs.

The procedure is applied to the case study of the city of Bologna (Italy), using ne-grained
information on customers' locations and historical data on delivery volumes. Results from the
experiments highlight the value of self-collection, showing the impact of pick-up points' presence
in reducing the workforce required to perform daily deliveries and, hence, the associated costs.
In addition, we also demonstrate the robustness of the obtained reorganization solutions
against varying operational settings and projected delivery volumes. This way, we intend
to propose a methodological approach that, beyond its scienti ¢ contributions, provides
actionable insights enhancing the decision-making practice.
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Introduction

In the Maximal Covering Location Problem (MCLP) [4], a company places a number of
facilities to maximize the demand covered. Each demand node is covered if the closest facility
is within a predetermined radius. In the cooperative version of the problem (CMCLP) [1], the
installed facilities cooperate to increase the attraction of customers to the company. In this
sense, a demand node is covered if the aggregated partial attractions (or partial coverings)
of open facilities exceed a threshold. In this work, we generalize the CMCLP introducing an
Ordered Median function (OMf), a function that assigns importance weights to the sorted
partial attractions of each customer, and then aggregates the weighted attractions to provide
the total level of attraction. We name this problem the Ordered Cooperative Maximum
Covering Location Problem (OCMCLP). The OMf serves as a means to compute the total
attraction of each customer to the company as an aggregation of ordered partial attractions
and constitutes a unifying framework for CMCLP models. Other types of covering problems
have also been generalized using the OMf ([2, 3])

We introduce a multiperiod stochastic non-linear formulation for the OCMCLP with an
embedded assignment problem characterizing the OMf. For this model, we present two exact
solution approaches: a MILP reformulation with valid inequalities and a well-known Benders'
decomposition approach. The performance of the models is tested using random instances
and the quality of the solutions compared with the classical CMCLP is illustrated with a
case study of locating charging stations to maximize electric vehicle adoption in the city of
Trois-Rivieres, Québec (Canada).
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Facility Location Problems are well studied in the literature of Operational Research. They
involve selecting a set of facilities to open from a set of candidate locatiohsncurring xed
opening costs. An allocation, incurring allocation costs, of a set of customerso the facilities

is then proposed such that the demand of each customer is satis ed.

Classically both the choices of location and customer allocation are completed by a central
decision maker, and customers cannot choose among the open facilities. However customer
preferences may not align with those of the decision maker. Here customers can act as
strategic agents and deviate from a proposed allocation. Such freedom of choice is present,
for example, in school choice in the UK. Here parents have a right to express preferences over
state schools, and all schools (except grammar schools) must o er a place to every child who
has applied if they have space.

To address this, we are required to incorporate known ordinal customer preferences into integer
linear programming formulations. For each customer2 | we considerpreferences relation
i. For candidate locationg;j®2 J we say customei prefers locationj to location jif and

only ifj ;j% This notation is extended toj ; j°with equality holding if and only if = j°
The uncapacitated variant of this problem is addressed by Hanjoul and Peeters [1]. Their
model uses decision variableg to represent the proportion of customeii's demand allocated

to location j, incuring an allocation cost oftjj, and binary decision variableg to represent

a facility being opened at location incurring a xed costf;. They proposed the following
formulation.
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Subsequent work based on their paper has focused on strengthening this formulation through
the development of valid in equalities [2].

However less work has focused on incorporating customer demands and facility capacities
into the model. When considering the capacitated setting one must decide if the allocation
variablesx;; should be forced to take binary values. In forcing these to be binary, we stipulate
that each customer must have their demand fully allocated to exactly one location. This
is referred to in the literature as asingle-sourceallocation. Otherwise wherx; can take
fractional values, we allow for any given customer's demand to be split between multiple
locations. Both variants of the problem have been identi ed in recent literature [3][4].

Although capacities and demands can be incorporated into constraints (1) and (2), we must
consider if the constraints (3) still model a desirable solution concept. This issue will be
discussed in our presentation.

Our work incorporates solution concepts from the algorithmic game theory and stable matching
communities including Nash stability and swap stability, into the capacitated problem. Both
single-source and fractional allocations are considered.

We propose new integer linear programming formulations which enforce these notions of
stability and demonstrate their performance on benchmark instances.
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Introduction

The global transportation sector is undergoing a signi cant transformation as nations strive
to address energy crises, reduce carbon emissions, and combat climate change. In this
context, electric vehicles (EV) have emerged as a promising solution, o ering energy-saving
and zero-emissions advantages over traditional internal combustion engine vehicles.
Governments around the world have implemented various policies, such as subsidies, tax
incentives, and public charging infrastructure programs, to accelerate the adoption of EVs.
However, despite these e orts, widespread adoption of EVs remains hindered by several critical
challenges, including limited driving range, long charging times, and the high cost of batteries.
These issues contribute to range anxiety, a signi cant barrier for potential EV consumers.

To address these limitations, in-motion charging systems have been proposed as a revolutionary
solution. The system enables EVs to charge wirelessly while in motion, using inductive power
transfer systems embedded in roadways. This technology alleviates range anxiety by providing
continuous energy replenishment and also allows the use of smaller, more cost-e ective
batteries, further reducing the EV's overall costs; a key barrier to EV's global adoption.
In-motion charging system has been successfully deployed in several countries on di erent
types of electric roads (either intersections, urban or national highways), such as Germany [1],
Sweden [1], South Korea [1], Japan [3], New Zealand [4], and the United States of America
[5], showcasing their potential to revolutionise EV infrastructure. However, the deployment
of the systems has some major challenges, including high construction costs of charging
infrastructure and the need for strategic placement to maximise captured EV ow.

In addition, the integration of in-motion charging systems into existing road networks requires
careful consideration of factors such as tra c ow, road capacity, and driver behavior. For
instance, the presence of charging lanes can lead to reduced road capacity and increased tra c
congestion, particularly in urban areas with limited lane availability. Despite these challenges,
the potential bene ts of in-motion charging technology are undeniable. By optimising the
deployment of the systems, it is possible to enhance network e ciency and promote widespread
adoption of EVs.
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The Problem

This research aims to develop an optimisation framework to strategically determine optimal
locations for in-motion wireless charging infrastructure within road networks to enhance its
e ectiveness in supporting EV adoption.

While previous research has explored various aspects of wireless charging for EVs, existing
studies often focus on either minimising infrastructure costs [1, 4, 5] or maximising total
captured ow [2, 3, 6] without integrating a comprehensive bi-objective approach. Hence, our
research bridges this gap by proposing a novel bi-objective mixed-integer linear programming
model that simultaneously minimises infrastructure costs and maximises the volume of EVs
that can e ectively utilise the charging infrastructure (referred to as "captured EV ow").

In addition, our model incorporates practical constraints that re ect real-world challenges
in in-motion charging implementation. These include identifying areas where deployment is
restricted due to environmental, technological, or urban planning considerations, as well as
ensuring that EVs have a pre-decided satisfactory battery level upon exiting the charging
network. Maintaining a su cient charge level is critical for user con dence and practical
usability, as drivers need assurance that they can reach their destinations without running
out of power. Unlike previous studies, which have typically overlooked this factor or assumed
unlimited charging availability such as [4, 6], our model is able to provide a more realistic
solution by incorporating these constraints. Finally, to validate the proposed model, numerical
experiments will be conducted on a Scottish road network.
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Layered graphs, where nodes are assigned to distinct layers and edges connect nodes between
layers, are widely used to represent sequential and hierarchical relationships across various elds,
including machine learning, biology and humanities. One of the most important aesthetic
criterion for the readability of a graph is the minimization of straight line crossings. This
consists of positioning the nodes in each layer so that the number of crossings between edges,
when drawn as straight lines, is minimized. A crossing occurs when two edges intersect at a
point that is not a node. The crossing number is entirely dependent on the ordering of nodes
within each layer.

Drawing graphs with minimum number of cuts has signi cant applications in graph visualization,
network analysis and information retrieval, where the readability and interpretability of graph
layouts are crucial [5], as well as in computational biology, VLSI design, data mining and
pattern recognition, among others [1, 14]. Moreover, their solutions can be used to solve the
rank aggregation problem that has applications in meta-search and spam reduction on the
Web [2].

In this paper, we focus on the Two-Layer Straight Line Crossing Minimization (2L-SLCM)
problem ([8, 9]). This problem is also called two-sided or bipartite graph crossing minimization
problem. The nodes of the graph are partitioned into two layers, the edges connect nodes
on the layers and the goal is to nd the nodes orderings (in the two layers) that minimize
the number of crossings. This problem is NP-hard [6], even for simple graphs or xing the
upper layer. For this reason, the design of heuristics and approximation algorithms is the focus
of much of the related research (see [8, 10, 12] for a experimental comparison of crossing
minimization heuristics). We are interested in exact approaches to the problem that prioritize
human readability over computational scalability. The rst integer linear programming model
of the 2L-SLCM was proposed by Junger et al. [7]. A common approach is to model this
problem as a binary quadratic programming problem and then linearize the quadratic terms by
introducing new variables [3, 15]. Semide nite programming relaxations have been studied in
[4]. Dierent branch-and-bound algorithms have been proposed [13].

The objective of this research is twofold: i) to improve the e ciency of the current exact
solution methods for the 2L-SLCM problem by reinforcing existing formulations with new valid
inequalities and preprocessing techniques that reduce formulation size; and ii) to propose several

65



Jerez de la Frontera (Spain), 17-19 September 2025 EWGLA 2025

new MILP formulations, based on di erent modeling approaches, and to exploit di erent
properties of the problem structure. We introduce new decision variables and constraints that
aim to reduce the size of the formulations and improve their linear programming relaxations.
New branch-and-cut methods are proposed to solve the problem.
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Introduction

In this presentation we address the Multiple-Picker Order Assignment Routing Problem (M-
POARP). The M-POARP belongs to the class of Order Routing Problems, which, broadly
speaking, aim to determine e cient routes to pick up orders in warehouses. The distinctive
characteristics of the M-POARP are:i orders are picked by a set of pickers (instead of just
one) andii it considers a balancing objective for the cost of the routes, instead of focusing
on the overall cost of all routes.

The M-POARP is de ned over a given warehouse where the operations take place. There is a
set of orders that must becollected by a given set of pickers. Orders consist of one or more
items, located at di erent places in the warehouse. The orders are partitioned into picking
batches and each order is fully assigned to exactly one batch. Each picker collects at most
one batch, and the route to be performed by each picker must be determined. All routes start
and end at a common depod.

We assume that the warehouse consists of a set of disjopitking aisleswhere the items
conforming the orders are located at racks, plus a set ofossing aislesonnecting the picking
aisles. After some preprocessing, we model the layout of the warehouse as an undirected
connected graphG = V;E, with V = Vo [ W [f dg where\f is the set of vertices of the
picking aisles andyy is the set of vertices of the crossing aislesE contains the edges
connecting every pair of neighboring points.

We exploit the relationship of the M-POARP with a min-max variant of the Steiner TSP
Problem (STSP) on G = V; E with set of required vertices given byp, and propose an
ILP formulation for the M-POARP based on the one introduced in [1] for the STSP. We
study some properties of the M-POARP, which allow to derive optimality conditions and
develop some families of inequalities based on them, which are speci c for the M-POARP. We
also introduce some new families of valid inequalities and adapt to the M-POARP existing
families of valid inequalities. Finally, we summarize and analyze the numerical results of a
branch-and-cut algorithm integrating the above ingredients, on a set of benchmark instances
adapted from the literature.
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Introduction

In this paper we consider the case of two competing chains that want to expand their presence
in a given area of the plane. Both chains may already have some existing facilities operating
in the area, selling a given product. And what the chains have to decide is not only where to
locate their new facility, but also the price at which they are going to sell the product to each
demand point where customers are assumed to be concentrated. A delivered pricing policy is
followed by both rms, i.e., the price o ered by a chain to a given demand point include both
production costs and transportation costs. Customers buy at the facility o ering the lowest
price. When the locations of the facilities are xed, a price equilibrium exists. In particular,
the equilibrium price to be set at a given demand point is the delivery cost of the facility with
the second lowest delivery cost [2].

Assuming that price equilibria are used by both chains, the aim of this paper is to investigate
the Stackelberg or leader-follower otjl-centroid problem, i.e., we want to nd the optimal
location of the facility of the chain that locates rst, known as the leader, anticipating that
the competitor chain, the follower, will locate another single facility too, after the leader has
done it.

When prices have been considered in the location literature it has always been in the context
of Nash-equilibrium games. Usually, a re nement of the Nash equilibrium by using a two-stage
process is considered. First, the chairssmultaneouslychoose the locations for their facilities.
And after that, the chainssimultaneouslychoose the prices. The corresponding two-stage
solution is called a subgame perfect Nash equilibrium. The subgame perfect Nash equilibrium
is obtained by rst obtaining the equilibrium prices (as a function of the location of the
facilities), and then solving the game of simultaneously choosing the location of the facilities
using as prices the equilibrium prices. So the location-price game is reduced to a location
game with equilibrium prices. Solving the corresponding location game is also challenging.
Lederer and Thisse [1] proved that in a duopoly with inelastic demand and constant marginal
production costs, any global minimizer of the social cost (the total delivered cost if each
customer is served with the lowest marginal delivered cost) is an equilibrium. This was used
in [3] to solve the corresponding problem on the plane. Notice also that the solution of the
leader-follower problem will be a location equilibrium for that game too, as neither of the
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chains will have an incentive to move from their optimal locations.

Note, however, that the location game we deal with in this paper is di erent. We do not want to
nd a subgame perfect Nash equilibrium where prices and locations are chosiamultaneously

by both chains. The aim is to solve the (1|1)-centroid problem, where customers are assumed
to buy at the facility o ering the lowest price. Hence, it is asequentialgame: the leader
locates rst, and after that the follower locates. In particular, since we consider a delivered
pricing policy, the equilibrium prices will be used to prevent modi cations in the prices. So
this other location-price game is also reduced to a location game with equilibrium prices. We
want to highlight that this is a new continuous location model in the literature. As we will see,
both the follower and the leader problems can be formulated as Mixed-Integer Non-Linear
Programming problems (MINLP). A branch-and-bound procedure is used to cope with them.
Some computational experiments are reported.

Interestingly, we will see that there may be problems for which the minimization points of the
social cost are not optimal solutions of this new global optimization problem. This is di erent
from the simultaneouslocation-price game [3, 1], where the minimization points of the social
costs always were a solution of the problem (a subgame perfect Nash equilibrium).
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Abstract

In this paper, we will consider a new rm that intends to establish its rst facilities in a
market area where other rms already provide services to customers. We will assume that the
rm must choose the type of each facility from a discrete set of potential designs, and that,
depending on the selected design, each facility will have a maximum capacity of customers it
can accommodate. Therefore, we will consider a discrete competitive location and design
problem with capacities.

Besides, two rules will be considered in the model, the binary and proportional rules, but their
use will be sequential, i.e. we will take the proportional rule as priority rule when satisfying
customer demand, considering the binary rule as secondary, so that only the binary rule will be
applied when it is not possible to apply the proportional rule for the distribution of customer
demand. Once all facilities, both preexisting and new, have been established, each customer's
preferences are evaluated to determine if any facilities meet a pre-de ned minimum attraction
threshold. If such facilities are found, demand is allocated among them in proportion to the
attraction the customer feels for each one (proportional rule). Conversely, if no facilities meet
this minimum attractiveness criterion, the customer will ful ll their demand at the facility

or facilities that o er the highest attraction (binary rule). In cases where multiple facilities
share this maximum attraction (all falling short of the threshold for the proportional rule), the
customer's demand will be evenly distributed among all of these facilities, whether they are
pre-existing or newly established. In both cases, whether the proportional rule or the binary
rule is applied, when allocating customers to the entering rm's facilities, their maximum
capacities must be taken into account, which will depend mainly on the location and design
chosen for these facilities.
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The contemporary global scenario is characterized by signi cant transformations in demograph-
ics and public health, with consequential repercussions for healthcare systems and societal
structures.

The global population is now living longer, and the majority of people are in their sixties and
beyond. Once con ned to high-income countriegpopulation agingis now a ecting the entire
world. [1] This demographic shift is accompanied by an increase in healthcare expenditures,
attributable to an increase in chronic diseasesnd a growing demand for long-term care
services. [2]

The combination of these factors, compounded by the challenges health systems face in
recruiting and retaining sta, has resulted in a substantiahortage of health workeran most
countries. [3]

This situation emphasises the necessity for a comprehengiestructuring of healthcare systems

to address the aforementioned factors, a trend that has been observed in several countries. [4]
In the context of this reorganization, a pivotal function must be assumed pgimary healthcare

This fundamental component of the healthcare system is expected to deliver reinforced pre-
vention in order to improve early detection and long-term management of chronic conditions.
This is intended to avoid the unnecessary use of hospital and specialist services, thereby
reducing the burden on these services and preventing wasteful spending.[5]

In response to the aforementioned challenges, a variety of strategies have been implemented
by di erent countries around the world. Of these, Italy has opted for the strengthening

of the role of the district and the introduction or improvement, where similar structures
already exist, of so-calleCommunity Healthcare Center{CHCs). The district is a territorial
branch of the Local Health Authorities (LHAS), ful lling a pivotal role in fostering integration
among healthcare structures. It is responsible for guaranteeing a coordinated and continuous
response to the population's needs, while also ensuring equal access to healthcare services. [6]
The Italian model for CHCs draws inspiration from the practices of other countries, namely
healthcare agencies serving a de ned population, integrated into the social tissue that provide
a range of accessible, comprehensive, and integrated services. These services are grounded in
the tenets of primary health care, which address prevailing health concerns and the underlying
causes of poor health outcomes for individuals, families, and communities.
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A central aspect of this reorganization iglistricting. Districting generally refers to the problem

of dividing a set of so-called Territorial Units (TUs) into a prede ned number of clusters or
districts according to some planning criteria. The latter typically includentegrity, balancing
contiguity, and compactness Integrity means that each TU belongs to only one district. Bal-
ancing expresses the need for districts of similar size w.r.t. some activity measures associated
with the TUs (e.g., areas, population, demand for a service). Contiguity implies that the
devised districting plan does not include enclaves, which also ensures that there is always a
path connecting two TUs belonging to the same district that does not cross any other district.
Finally, compactness is a topological property requiring that districts do not have elongated
shapes. Other relevant criteria may apply depending on the speci ¢ application context. [7]
Districting Problems (DPs) have been successfully used to model and solve mid- to long-term
strategic decision problems in various elds, such as service-oriented applications. Among the
diverse service-oriented applications is health care. Home care, primary and secondary health
care and emergency care are the three main areas where the underlying health care planning
problem is seen and therefore addressed as districting problem. [8]

One of the most crucial aspects of health service planning - and the core issue arising from
Italy's strategy - is the design of health service regions, i.e., the districting of health services.
Building on these principles, this study focuses on the design of primary care service networks
in Italy. Speci cally, we refer to districting problem for the design and/or re-design of the
districts (to be intended as the territorial branch of the LHA) and the catchment areas of
the newly introduced CHCs. This is to ensure that the reform can e ectively enhance the
accessibility of these services for the population and ensure equity in care. [8]

To this end, the present study proposes ad-hoc districting models and uses real geographic
data referring to multiple Italian regional case studies. The application allows to evaluate the
potential social impacts of the ongoing reform under various strategies to operate CHCs.
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Supply chain networks are increasingly vulnerable to unexpected disruptions, whether caused
by natural disasters or human actions, which can signi cantly compromise their operational
continuity. These disruptions can signi cantly reduce the e ciency of the network or render

it inoperable for extended periods [1]. The Capacitated Location-Routing Problem (CLRP)
is a widely studied approach in network design optimization, combining strategic decisions
regarding facility location and e cient vehicle routing. However, traditional CLRP formulations
generally overlook strategies for mitigating the impacts of disruptions. This study proposes
a new formulation aimed at developing resilient networks capable of operating e ciently in
steady state while maintaining robust performance during supply chain disruptions.

The Robust CLRP (RCLRP) was developed with the aim of minimizing the operating costs of
a network that ensures operational continuity even when facilities are disrupted. The proposed
model focuses on the location of the facilities and on de ning their capacity utilization to
ensure that the network can meet customer demand both in steady state and when one of
the facilities becomes inoperative. Additionally, the RCLRP optimizes the recon guration of
distribution routes originally designed for the steady state, ensuring that a ected customers
are e ciently reassigned to alternative operational facilities. The formulation also enables
the quanti cation of the impacts of disruptions in each open facility, helping to prioritize
the forti cation and risk mitigation e orts. To validate the e ectiveness of the model,
computational experiments were carried out using instances adapted from the literature. The
performance of the RCLRP was compared with that of the traditional CLRP, analyzing its
ability to maintain operational stability and minimize cost impact in disruption scenarios.
Experimental results show that the RCLRP can outperform the traditional CLRP during
disruption scenarios. It can generate more stable solutions, ensuring demand ful Iment even
when a facility becomes inoperative. Although the RCLRP incurs a slightly higher initial cost
under steady-state conditions, it 0 ers greater consistency during disruptions, reducing cost
impact and enhancing network resilience.

The proposed RCLRP formulation o ers robust solutions for supply chain networks, potentially
overcoming the limitations of conventional approaches. Given that logistics networks are
increasingly vulnerable to disruptions, the application of robust models, such as the one
presented in this study, may prove essential to ensure operational continuity. Future research
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could explore scenarios involving simultaneous facility disruptions and develop more e cient
algorithms for large-scale problems, thus further improving the practical applicability of the
approach.
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Introduction

In post-disaster relief operations, the role of humanitarian logistics in ensuring a timely and
e ective delivery of aid is paramount. In particularTemporary Logistics Hubsare essential
facilities for the deconsolidation, storage, consolidation, and shipment of relief supplies [3].
In this work, we propose a novel approach to address the hub-and-spoke network design
problem associated with the location of temporary logistics hubs for humanitarian logistics in
post-disaster environments.

Problem Description

To this aim we address &8i-Objective Capacitated Multiple Allocation Hub Location Problem
with Splittable Demand The decisions to be made include:

where to locate temporary logistics hubs that act as intermediate facilities between the
emergency relief providers (e.g., donors, government warehouses) and the a ected areas;

the amount of ow that should traverse the available network links to ensure a timely
supply for each relief material.

Two objectives are considered to assess the performance of the designed network: minimising
the average arrival time of the ows and minimising the latest arrival time.

Indeed, whilst time is a crucial factor in post-disaster operations management, it has received
limited attention in humanitarian logistics problems in terms of modelling tools explicitly
employed to ensure its adequate representation. In order to bridge this gap, in this work we
make use ofDynamic Flows i.e. Flows over time [1].

Actually, these humanitarian logistics operations are characterised by an inherent uncertainty
resulting from di erent levels of accuracy for the related parameters [2]. To represent this
aspect, we adopt ad hoc modelling tools; we also propose algorithmic approaches to mitigate
the uncertainty while providing valuable decision support in post-disaster relief operations.
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The discrete -neighborp-center problem( -pCP), introduced by Krumke [3], is a variation
of the well-known discretep-center problem CP, also referred to as thevertex pCP) that
has gained attention in recent literature. Given a set of discrete points, the objective is to
place p facilities at some of these points in a way that minimizes the maximum distance
between any point without a facility and its nearest facility.
The -pCP can be interpreted as a more robust version of thECP, where customers do
not need to go to their closest facility, but also have additional 1 facilities nearby.
This characteristic makes the -pCP particularly relevant for applications of thegCP where
resilience is essential, such as the placement of emergency services or the coordination of
humanitarian relief e orts.
Formally, the -pCP is de ned as follows: Given a set of pointBl, a positive integerp
satisfyingp < jNj, and a positive integer such that p, we are provided with a distance
dj O for all pairs of pointsi;j 2 N. A feasible solution consists of selecting a subgsét N
with jPj = p to serve as facility locations. The demand points are given hByn P, meaning
they depend on the chosen facility locations and include all points where no facility is placed.
For a given feasible solutio?, the -distanced P;i for a demand pointi 2 N nP is de ned
as

d P;i= min maxdj;

A PjjAj= j2A

which represents the distance betwedanand its closest facility inP. The objective function
valuef P for a given solutionP is de ned as

f P= maxd P:i;
i2NnP

and the -pCP can be formulated as

min f P:
P N;jPj=p

A special case of the problem corresponds to the classip@lP, which is obtained by setting
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= 1 when assuming thatd;; = O for alli 2 N. Up to now, research on the -pCP has
focused on approximation algorithms, such as those introduced by Krumke [3], and heuristic
approaches developed by Mousavi [4] as well as Sanchez-Oro, Lépez-Sanchez, Hernandez-Diaz,
and Duarte [5].
In this work, we propose exact solution methods for solving thepCP. We present two
di erent integer programming formulations for the problem, along with valid inequalities,
(iterative) lifting procedures for selected inequalities, and inequalities that preserve the optimal
objective function value. Additionally, we introduce an (iterative) variable xing technique.
Our lifting procedures leverage lower bounds for the problem and extend existing results on
the pCP by Gaar and Sinnl [2]. We demonstrate that applying the lifting and variable xing
procedures iteratively leads to convergence toward a speci c fractional set cover solution.
Furthermore, we establish that the optimal objective function value of a semi-relaxation of
one of our formulations where one set of binary variables remains binary while the other
is relaxed can be determined in polynomial time using iterative variable xing. This result
extends ndings by Elloumi, Labbé, and Pochet [1] for thpCP and a fault-tolerant variant of
the problem. Additionally, we conduct a polyhedral comparison of the formulations.
Building on these formulations and theoretical insights, we develop branch-and-cut (B&C)
algorithms for solving the -pCP. Our algorithms incorporate both an initial heuristic and a
primal heuristic to enhance computational e ciency. We evaluate their performance using
benchmark instances from the literature. Our results show that the proposed B&C algorithms
successfully prove optimality for 116 out of 194 instances. Moreover, we improve the best-
known solution values for 116 of these 194 instances. Importantly, these two subsets of 116
instances do not entirely overlap, as some optimal solutions had already been identi ed by
existing heuristics, albeit without proof of optimality.
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This presentation focuses on the Maximal Covering Location Problem (MCLP), a well known
problem in the area of covering location problems. The MCLP was introduced by authors in
[4], and since its introduction it has gained the interest of the scienti c community. This type
of problem appears when facilities provide service up to a certain distance or a maximum time
and we have a budget for the facilities that we must accommodate them in order to capture
the maximum possible demand.

Although most of the literature is developed on problems using a single setting, mostly discrete
location spaces, recently the use of di erent settings in the same problem with the name of
Multi-type Maximal Covering Location Problem has been studied by authors in [2].

On the other hand, the upgrading extension of the location problems involve the coordination
of facility location decisions with the enhancement of associated infrastructure. In the case of
MCLP, we nd upgrading when the network is upgraded and then the distance or time from a
facility to a customer is reduced ([1]).

In this presentation we consider simultaneously the two approaches described above: di erent
types of facilities, continuous and network settings, and two di erent types of upgrading, on
the facilities and the network.

This new problem responds to real applications such as telecommunication networks. This is
the case for telecommunication services in rural areas, where deploying a cable network is
unfeasible due to the high costs associated with installing a traditional cellular network that
relies on xed Base Stations (BSs). One way to address this challenge is by using Unmanned
Aerial Vehicle (UAV) based BSs to provide cellular coverage, supported by ground sites that
connect the UAVs to the rest of the network (see e.g. [3]).

Beyond the study of this gap in the literature with important applications in the real-world,
the contributions of this talk can be summarized as follows:

A non-linear formulation with a Mixed Integer Second Order Cone (MISOCO) reformu-
lation for it.
For the Euclidean planar case we derive two full integer linear formulations.

We propose a set of valid inequalities and study their validity for each of the reformulations,
MISOCO and integer.

We present signi cant ndings from a comprehensive set of computational experiments.
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Abstract

This paper examines discrete cooperative coverage problems, where facilities work together to
serve a set of demand points, each associated with a speci c demand. Coverage is de ned
probabilistically to account for uctuations caused by factors such as weather conditions,
technical malfunctions, or other unpredictable variables. Additionally, we consider facilities of
di erent types, distinguished by their costs and coverage capabilities, and assume that their
operation is correlated to a varying degree.

We extend the models presented by [2], incorporating uncertainty in both the demand at
demand points and the costs of facility location. Building on the approaches proposed by [1]
and [3], we develop a robust optimization model aimed at maximizing demand coverage within
a given budget. We compare di erent versions of the model and evaluate their performance
through a series of computational experiments.
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Introduction

| consider a setting based on [1, 2], in which two franchisees - the players - simultaneously
choose locations for their facilities. The players have a budget constraint and there is a
discrete, nite set of potential locations they may choose. While in [1, 2] the players want
to choose the set of locations that maximize the demand, in this work | consider the more
realistic objective of NPV maximization, taking into account the initial investment, revenues,
xed and variable costs.

The facilities will sell goods to clients. The clients are located in a discrete set of points and
patronize the nearest facility. There is a franchiser that keeps a percentage of revenues and
de nes the rules of the game. So, the franchiser is interested in maximizing the present value
of the total sales.

| consider sequential and simultaneous settings, and analyse the obtained equilibria from both
the franchisees' and the franchiser's perspectives. In the sequential setting, the equilibrium is
the solution of a bilevel problem with binary decision variables. The simultaneous problem is
somewhat more complex, since the equilibrium may involve mixed strategies. For this case, |
use an algorithm based on the one proposed in [1, 2].

| consider the problem with co-location and without co-location. In the case that co-location
is not allowed, | consider that a player may have preference in choosing a potential location,
when both are interested in opening a facility at the same spot.

In the case of the simultaneous game without co-location, one player may not be able to open
facilities in all the potential locations in which he/she expresses interest. In that case, he/she
may want want to express interest in more locations than he/she can a ord (overbidding). In
this case, the franchiser will de ne a penalty for each potential location that a player gets but
where he/she is unable to open a facility.

Research Questions

| perform a simulation study, with randomly de ned locations, and aim to answer the following
guestions:

- Is it preferable for the franchiser to de ne a simultaneous or a sequential setting?

- Is it preferable for the franchiser to allow co-location or not to allow it?

- What is the impact of budget asymmetries in the players and frachiser's payo s?

- What is the impact of the number of potential locations in the players and frachiser's payo s?
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- Should the franchiser allow a player to have preference in choosing a potential location, when
both are interested in opening a facility at the same spot?

- What penalty should the franchiser de ne for a player that is not able to open a facility in a
potential location alloted to him/her?
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Introduction

Integrated models involving facility location and routing decision have gained signi cance,
particularly in strategic, tactical, and operational decision-making, where the primary focus
has been cost minimization [4]. In recent years, these models have evolved to incorporate
customer-oriented metrics, such as latency [2, 3] and customer satisfaction [5]. In last-mile
delivery scenarios, it is common that customers prefer service models incorporating the exi-
bility to either wait and receive a package at their home locations within a given time window
or, based on personal preferences, pick up their package from a selected pickup center.

Motivated by this situation, we address a problem in which a last-mile delivery company
seeks to determine optimal delivery decisions while considering the customers' preferences for
delivery times. If the delivery time o ered to a customer deviates from his stated preference,
the customer may choose to pick up his package from an open pickup center, incurring a
penalty cost for the delivery company.

In this problem, a decision-maker from the delivery company must simultaneously determine i)
a set of pickup centers to open (facility location decisions), ii) a service point for each customer
(allocation decisions), and iii) a service route visiting all the activated pickup centers plus the
service points of all the customers. The service points (pickup points) of the customers are
determined based on their preferences and, for each customer, it will be either its home location
or an activated pickup center. The company aims to minimize the investment and operational
costs, plus the penalties due to order delays, with the latter serving as a metric for service level.

We introduce two location-routing models where the complexities due to the customers
preferences are incorporated progressively. The rst one only considers routing decisions based
on customers' ideal delivery times, but involves no location decisions. We then extend this
model to the problem under study, allowing the company to make location decisions and
to allocate some customers to speci ¢ pickup centers. In both cases, mixed-integer linear
programming formulations are proposed.

Before presenting numerical results for the proposed model, we detail some of its properties
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and, based on numerical studies, demonstrate the impact of di erent costs and parameters
to derive managerial insights. Since larger instances become di cult to solve, we propose a
matheuristic that leverages a surrogate model and a x-and-optimize approach to address
them e ciently.

Our choice of a matheuristic procedure is motivated by its strong performance across a wide
range of combinatorial problems [1]. Furthermore, in practice, these procedures are often
easier to adapt and maintain than pure metaheuristics, where incorporating new constraints
can be challenging. Our results also highlight managerial bene ts, and the matheuristic
demonstrated strong performance compared to solving the formulation with a general-purpose
solver.
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Introduction

In [1], the concept of -cent-dian was introduced for location problems where the goal is to
minimize a linear combination of center and median objectives.

On one hand, the median problem is particularly useful in scenarios where the main focus
is cost reduction or pro t maximization within the system. On the other hand, the center
problem is ideal for situations where the objective is to minimize the distance to the farthest
point from the facility, such as when placing emergency services. However, when considered
independently, these two objectives often fail to address real-world issues that require a balance
between e ciency and fairness.

The generalized-center objective emphasizes fairness among origin/destination pairs, but as
pointed out by [2], it can sometimes result in ine cient solutions.

The -cent-dian objective has also been applied in a variety of facility location problems.
Examples of such facilities include paths, cycles, or trees in graphs, as well as straight lines,
circles, and hyperplanes in Euclidean spaces (see [3], [4]).

In this work, we extend the concepts of -cent-dian and generalized-center from Facility
Location Theory to the more complex eld of Network Design. Our focus is on designing a
sub-network within a given underlying network, subject to a budget constraint. The goal of
this sub-network is to e ciently serve a set of origin/destination pairs of demand.

The -cent-dian problem examines the trade-o between e ciency and fairness. We explore
the properties of the -cent-dian and generalized-center solution networks in terms of fairness,
e ciency, and Pareto-optimality. Finally, we prove that the problems addressed in this paper
are NP-hard.
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Introduction

This study examines the bounded xed-charge problem from a polyhedral perspective. This
problem is a classical optimization problem commonly encountered in facility location plan-
ning. The goal of such a problem is to identify the optimal set of facilities to locate and
determine the quantities to be delivered, ensuring demand at a central customer is met
while minimizing xed and variable costs. The problem is subject to constraints on the
capacity of the facilities, the minimum delivery quantity of a facility and the demand to be
met at the customer. Speci cally, this study focuses on a variant where facilities di er only in
terms of costs, with all facilities having identical capacities and minimum delivery requirements.

The polyhedral structure of this problem has been studied before. In [3], this problem
is referred to as the single-item capacitated lot-sizing problem with lower bounds on produc-
tion. In that paper, the convex hull description is provided only for the trivial case where the
capacity of a single facility is at least as large as the demand of the central customer, implying
Nno e ective capacity constraint on production. This paper focuses on analyzing the more

general polyhedron where a real capacity constraint may exist.

From the single-item lot-sizing literature, it becomes clear that the problem studied in
this paper is easy and can be solved in polynomial time through dynamic programming (DP).
[4] introduces a DP algorithm for the single-item capacitated lot-sizing problem with concave
production and storage costs, achieving a time complexity T8, whereT represents the
number of production periods. In the speci c case of the bounded xed-charge setting, the
time complexity reduces signi cantly toOn?, wheren represents the total number of facility
locations. Despite the availability of e cient DP algorithms, exploring the convex hull of these
problems remains valuable, as the goal of this polyhedral analysis is to utilize the compact and
tight extended formulation to facilitate solving mixed-integer models in which this problem
appears as a substructure. One notable application is in models that account for disruption
scenarios.
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Methodology

The methodology proposed in this paper is formulated through a series of structured steps. By
leveraging an extended formulation similar to the one introduced in [5] for the single-item lot
sizing problem, the problem is reformulated to align with the union of polyhedra described in
[1] and [2]. By applying the union-of-polyhedra framework, the original problem is reduced to
solving a polynomial number of two-coe cient 0-1 knapsack problems with a single bounded
continuous variable. Repeating this approach, a second application of the union-of-polyhedra
framework simpli es the problem further, reducing it to solving a polynomial number of
one-coe cient 0-1 knapsack problems with a single bounded continuous variable. As it
is possible to describe the convex hull of this last problem, the result is a tight extended
formulation for the bounded xed-charge problem. Moreover, this formulation is compact,
as the number of added constraints and variables in the extended formulations, along with
the number of problems to be solved after applying the union-of-polyhedra framework, is
polynomial in nature. An important caveat is that the projected feasible region of the tight and
compact extended formulation is a subset of the feasible region of the bounded xed charge
problem. However, when minimizing the total cost, which is the only objective used in practice,
the projected feasible set of the extended formulation still includes all possible optimal solutions.

Although this study builds upon existing approaches, it makes several novel contributions to
the literature. First, it applies methods from the lot-sizing literature to a related but distinct
problem: the bounded xed-charge problem. Second, it introduces techniques to e ectively
limit the size of the extended formulation, enhancing computational tractability. Finally, and
most importantly, the paper develops a compact and tight extended formulation speci cally
tailored for the bounded xed-charge problem, addressing a key gap in the literature.
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Facility location analysis has a wide range of applications in both the public and private sectors,
thus playing a crucial role in decision-making processes. The main purpose of facility location
problems is to determine the optimal placement of a set of facilities to meet the needs of the
system under study. There exist in the literature a large number of variants of the facility
location problem, as it allows for incorporating a broad variety of speci ¢ characteristics in
the optimization process, such as customer preferences or pricing, among others. Hargbul
al. [4] were the rst to introduce customer preferences into facility location problems. They
extend the so-calledSimple Plant Location Problem(SPLP) by incorporating a speci ¢ set of
constraints which ensures that customers are assigned to their most preferred facility. They
name this new problem theSimple Plant Location Problem with Order{SPLPO). Although

the inherent hierarchical structure is already recognized in [4], it is not until years later that
Hansenet al. [5] focus on this bilevel structure and study the problem formulated as a pure
binary bilevel optimization model. Calvetet al. [2] extend the SPLPO by adding capacity
constraints. They propose two formulations for the problem: a single level formulation and
a bilevel formulation, the latter solved by means of a matheuristic algorithm considering an
utilitarian approach. On the other hand, Hanjouét al. [3] discuss the role of pricing policies

in facility location decisions. They de ne two pricing policies: the mill pricing policy, which
corresponds to the cases where customers are responsible for the assignment or travel costs,
and the delivered pricing policy, which corresponds to the cases where the assignment costs
are assumed by the location decision maker. Finally, Calveteal. [1] combine customer
preferences and a mill pricing policy in a facility location problem for the rst time. They
formulate a mixed integer bilevel optimization model and reformulate it as a mixed integer
single level optimization model, which is e ciently solved by o -the-shelf optimization software.
Building upon this previous research, we now extend the problems studied in the literature
integrating customer preferences, capacity constraints, and a delivered pricing policy into the
same facility location problem. We formulate a bilevel optimization model for the problem,
which can be solved exactly by reformulating it as a single level model. A computational study
is conducted to analyze the performance of the exact solution method, allowing us to present
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some preliminary results. Table 4 summarizes the key contributions made in the literature and
compares them with the approach presented in this study.

Table 4: Overview of the literature on facility location problems, indicating which studies
consider capacity constraints, customer preferences, pricing decisions, and bilevel

structures.

Reference Capacity Preferences Pricing Bilevel

Hanjoul et al. [4] 7]

Hanjoul et al. [3] (7]

Calveteet al. [2] 7] /] %)

Calveteet al. [1] 7] /] %]

This study /] ] %] %]
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The competitive facility location problem (CompFLP) has become an integral part of location
theory literature and combines this research area with game theory. In the mentioned problem
family, two or more companies compete for the demand of given customers by determining
the locations and possibly other properties of their facilities.

Many variants of the CompFLP have been studied. One crucial aspect of the problem setting
is the chronology of the moves of the competitors. In our work, we study a Leader-Follower
(Stackelberg) model where a leader must perform the rst move in anticipation of the response
of the follower. Another important part of the problem de nition are the criteria according

to which the customer demand is assigned to the players. For example, the demand of a
single customer can be assigned completely to one of the competitors (deterministic utility
model) or can be split between the competitors according to attractiveness criteria of the
facilities and personal preferences (random utility models). While it is possible in most of the
random utility models to attract more customer demand by enhancing the attractiveness of
the facilities via investments, we are not aware of this problem con guration for deterministic
utility models with the Leader-Follower setting.

We address this research gap in our work and consider the Leader-Follower CompFLP in a
deterministic utility framework and with facility expansion possibilities (LF-CompFLP-DU-FE).
For this problem, we present a mathematical model via bilevel programming. Additionally, we
show some important problem properties and appropriate computational methods for solving
the problem con guration.
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Abstract

E-scooters and shared bikes have become a common supplementary mode of transportation in
cities allowing travelers to e ciently travel short distances. They are also often used to access
train stations or bus stops. While shared bikes are usually found at special bike stations, there
are often no dedicated parking zones for e-scooters. This may cause problems for pedestrians
if scooters block public space. Many cities therefore contemplate designated parking areas for
e-scooters to enhance urban aesthetics, improve pedestrian and cyclist safety, and promote
sustainable transportation [4]. However, locating such parking areas should be in line with the
locations of shared bikes, bus stops, train stations, or even car-sharing lots.

In this study we model the location of these di erent stations as a set @bupled location
problems

We rst compare and extend known models (see, e.g., [1]) for optimizing the placement of
e-scooter stations within a city. The proposed models aim to minimize construction costs
while ensuring that all demand points are adequately covered within a speci ed radius. We
explore variations of the covering problem, including xed or variable station sizes and costs.
Furthermore, we examine a covering variant with multiple covering radii depending on the size
of the station built, which ultimately depends on the demand. To support urban planners in
weighing the various objectives, we analyze a bi-criteria version of the problem that minimizes
construction costs while maximizing covered demand. Moreover, we compare the covering
approach with the median and center problem approaches. We also examine the interplay
between the discrete and the continuous version of the location problem.

In a further step, we consider the location of parking areas for scooters together with the
location of stations for other transport modes. Il.e., we expand the e-scooter stations in a
modular way by adding models for locating car- and bike-sharing stations. Bus stops and train
stations are also important since travelers often use scooters or shared bikes to reach these
stops or stations. We either consider given bus stops or use known models, e.g., as in [2,
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5, 3] for nding stop locations. These di erent location models are then coupled to allow
travelers to smoothly transfer from one mode to another.

The resulting formulation integrates the location of stations for di erent modes of transport
and consists of several coupled location problems. As before, we follow di erent objectives:
passengers should have good access to their nearest mobility station, additionally their traveling
times should be considered. Another objective is to minimize costs to stay within a given
budget. We study properties of such a coupling under various objective functions, discuss
con icts that may arise, and present some rst results within the city of Kaiserslautern.
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Introduction

The Capacitated Facility Location Problem with Customer Preferences (CFLCP) extends
the classical Simple Plant Location Problem (SPLP) by incorporating customer choices into
the allocation process. Traditionally, in facility location models, customers are assigned to
open facilities based solely on cost minimization. However, in many real-world applications,
customers have preferences over which facility they would like to be assigned to, adding an
additional layer of complexity to the decision-making process.

In the CFLCP, each facility has a xed capacity, meaning it can only serve a limited number of
customers. Customers rank the available facilities according to their preferences, but due to
capacity constraints, not all customers can be assigned to their most preferred option. This
creates potential con icts in the allocation, as some customers may prefer to be assigned to
facilities that are already full, leading to situations of envy and instability in the solution.

To address this issue, we introduce di erent stability concepts inspired by matching problems
under preferences [1]. Unlike traditional formulations that use numerical preference values to
model customer choices, our approach considers only strict ordinal rankings of facilities by
each customer. Given that not all customers can be assigned to their rst-choice facility, we
explore several decision rules to fairly distribute customers across facilities while maintaining
stability in the allocation.
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Introduction

E-commerce logistics networks rely on e cient sorting operations to ensure timely and
cost-e ective deliveries. This study presents an optimization model developed for a leading
e-commerce company in Turkey, where commodities are transported via hubs and cross-docks.
Shipments are processed through sorting modules, where workers classify packages based on
their destination.

The network features two key sorting stages: pre-sorting, which groups shipments according
to their nal hub, and ne-sorting, which organizes shipments by their destination cross-dock.
Each shipment categorized as either oversized or parcel undergoes pre-sorting at its origin

hub. Fine-sorting may occur at intermediate hubs or the nal hub before reaching its assigned
cross-dock.

Problem Formulation

Each hub is equipped with pre-sorting and ne-sorting modules, both of which have limited
capacity. The total processing time at a hub depends not only on sorting operations but
also on volume-dependent loading and unloading times. The primary objective of this study
is to determine the number of sorting modules per hub, minimizing processing delays while
e ciently distributing ne-sorting tasks across the network.

Methodology

We formulate the problem as a mixed-integer programming (MIP) model, integrating network
ow optimization and capacity planning. The objective function aims to minimize total
processing time while satisfying demand and capacity constraints. The problem extends
traditional hub location problems and multi-commodity ow models by incorporating sorting
operations and hub congestion dynamics. A unique aspect of our approach is the inclusion
of module capacity design, which directly in uences processing times and overall network
performance. This facet introduces a new perspective to optimization models in the literature
by explicitly integrating sorting module capacity into the network design, leading to more
realistic and scalable solutions.
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Conclusion

Our ndings provide valuable insights for strategic hub capacity planning in e-commerce
logistics. The proposed optimization model enables more e cient operations, reduced transit
delays, and scalable network design. By optimizing sorting module placement and capacity
allocation, we achieve improved processing times, shorter delivery durations, and enhanced
handling e ciency at hubs.
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Abstract

Minimum spanning trees are present in many transportation networks. Sometimes the locations
of services are decided taking into account that in addition to minimizing the total or the
maximum distance of the distribution network, these service points are connected by a
minimum spanning tree. These service points or facilities can be directly factories or hubs that
allow for the distribution of demand ows. In this work, we raise the interest of using other
spanning trees than the minimum distance. We propose the interest of using the spanning
tree that corresponds to a complete-linkage dendrogram.

Dendrograms are graphical representations of hierarchical clustering. Di erent de nitions of
the distance between two groups in the hierarchical clustering lead to di erent dendrograms.
In this paper we focus on the so-called "complete-linkage” dendrograms, which we obtain
when this distance is assumed to be the maximum of the distances between the elements of
both groups. From the point of view of graph theory, dendrograms are spanning trees with
di erent properties. Dendrograms of the "single-linkage" type correspond to minimum-cost
spanning trees, while the others correspond to trees that are not minimum-cost.

In this work, we propose a system of linear inequalities whose set of solutions is the complete
set of "complete-linkage" dendrograms. This system of inequalities has two advantages.
On the one hand, it allows us to choose a complete-linkage spanning tree as a transport
network between the service points and on the other hand, it allows us to choose from all the
complete-linkage spanning trees the one that is the best in terms of our objective.
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Introduction

In this paper we study a class dfalancedor uniform partitioning problems which consists of
partitioning k sets, each with a cardinality oh, into n sets (or clusters) of cardinalityk. Each
cluster must contain exactly one element from every original set, while optimizing a measure
of uniformity among then sets. Assuming that a cost function is de ned for each cluster,
various uniformity criteria can be considered. We adopt a criterion based on thege of a
cluster, i.e., the di erence between the maximum and minimum cost of the elements in a
cluster (see, also, [1, 3, 5, 6]). The goal is to nd a partition of thek sets into n clusters of
cardinality k that minimizes or maximizes a function of the clusters' range. We refer to these
problems asRange Uniform Partitioning problemgRUP).

RUP problems belong to the class dfalanced optimization problemswhich have received
signi cant attention in the literature since the seminal paper [7]. That paper introduced a
framework encompassing many balanced optimization problems and presented polynomial-time
algorithms to solve them. These problems cover a wide range of research areas, including
the balanced version of the spanning tree problem [2] and the traveling salesman problem [8].
More recently, Range Uniform graph partitioning problems were introduced in [6]. Problems
closely related to our RUP formulation were studied in [5], where di erent uniformity criteria
were explored. Polynomial-time algorithms were provided for most cases, while a few were
proved to be NP-hard.

Depending on the objective functions considered and the method used to compute the cost of
a cluster, we de ne di erent new problems. In the rst formulation, given a complet&-partite

we de ne the weight of ak-clique by its range, i.e., the maximum absolute di erence between
the weights of two edges whose endpoints belong to theclique. We then consider the
problem of partitioning the graph intok-cliques in such a way that minimizes the maximum
di erence among the ranges of thek-cliqgues. We prove that this problem is NP-complete for
k = 3. For k = 2, the problem is not de ned, since a 2-clique does not contain two edges,
which is the minimum required number to compute a di erence. The case with arbitraty
and n = 2 remains an open question, though it appears to be a di cult problem as well.
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For this problem we establish a close connection to the classikallimensional assignment
problem (KDA) formulated in graph-theoretic terms [4]. In particular, foik = 3 the problem
becomes partitioning a complete tripartite graph into triangles while minimizing a given cost
function computed over the triangles. The RUP problem fdt = 3 can be interpreted as a
3DA problem with a novel range-based objective function. If instead we consider the same
problem with weights assigned to the vertices of thie-partite graph, and de ne the weight of

a k-clique as the maximum di erence between the weights of its two vertices, we obtain a
special case of the previous problem. As pointed out in [5], for this version, the complexity of
the general case is unknown. However, we have solved it with polynomial-time algorithms
for k = 2 whenn vertices belong to each side of the-partite graph, as well as for the case

For the vertex-weighted completek-partite graph model, we introduce new problems and, for
k > 3, we present polynomial-time solution methods by leveraging the results in [5]. Finally,
we extend the known complexity status of 3DA by incorporating additional decomposable cost
functions based on the range criterion. Uniform partitioning problems studied in this paper
feature the characteristics of some practical problems that arise in electoral systems.
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Introduction

The design of resilient hub-and-spoke networks has been explored in the literature, mainly
through reliability consideration [9, 1, 5, 2], and interdiction models, like [4, 6, 7, 8], among
others. In most cases, both the attack and defense strategies are deterministic and known
by both the attacker and the defender. Only a few works have considered interdictions of
unknown size, such as [10] for a multi-commodity network design problem.

The problem

We study the problem faced by a company that aims to design a hub-and-spoke network that
can be subject to one or more potential threats to the network operation. The company must
determine the locations of itsp hubs and protectq of them, all while considering potential
threats to the operation of the network.

The company faces one or more attackers whose actions could potentially degrade network
operation in an environment of uncertainty. It does not possess knowledge of the actual attack
strategy, but has prepared several attack scenarios. In each scenar®b S, the attackers
interdict at most s hubs of the company's network.

The company's objective function is to minimize the pre-interdiction routing costs plus the
expected demand disruption costs. In contrast, the attacker aims to maximize the expected
demand disruption costs.

Solution methodology

We use the methodology proposed in [3] plus some variable xing tests and the natural
decomposition of the lower-level problem by scenarios to accelerate the solution procedure.
We implemented the procedures using the CPLEX 22.1.1 APL.

Preliminary results

We have found that acceleration techniques are e ective, providing optimal or close to optimal
solutions in reasonable computational times.
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Introduction

Facility location problems often rely on the assumption of monopoly, where the facilities owner
0 ers a unique service (or product) and is the only player in the market. Most of location
problems in the reality do not t with this setting and need more complex models incorporating
competition with other players. ([1]). Competitive facility location deals with locating new
facilities in an environment where other facilities are already operating, with which the new
facilities must compete to share the market. Another relevant aspect is that customers are not
assigned to a speci c facility but autonomously choose the facility to use according to their
personal rationale. This is common in many real application, such as gyms, supermarkets and
swimming pools location, just to name a few. When the type of service/product o ered by
the di erent competitors is the same, the rationale according to which the customers choose
is very simple and rely on spatial distance or on accessibility level of the facility. Conversely,
when facilities o er di erent level of services, the rationale becomes more complex, since it
is based on both the quality of service and on the distance, but the weight the two criteria
have on the nal decision is generally unknown and may strongly di er from one individual to
another. In this work we introduce the Competitive Bi-Level Facility Location with Levels of
Service and Stochastic Customers Preferences (CBLFL-SCP), in which we optimize location
and design (in terms of service level) of a set of facilities, under a given budget, in order to
maximize the number of customers attracted by the new facilities, over a set of customers
preference scenarios. The attractiveness of a facility is a linear combination of its distance
from the customer and the service level o ered, with stochastic coe cients.

Problem Description

We consider a set of customers located in an area where a set of competitor facilitie§©, is
already operating. A budgeB is available to open new facilities on a set of potential available
locations F©. We identify with J the total set of facilities (new and existing). The service
level of a new facility is a decision variable itself, while that of a competitor facility is known
and is indicated agy;. A set of K levels is available, at each locatign each one associated
with an opening costbjx and a service scoré. The distance between each customerand
facility j is known and referred aslj. A set of customers preference scenarioS, is given in
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input. For each scenario we know the importance a customiegives, in the facility selection
process, to the distance criteria, *, as a number included in the intervdl; 1. The importance

of the service level criteria, IS is computed asl 2. We assume that customers can be
attracted only by facilities located within a compatibility radius,x which depends on the
service level o ered by the facility. The parametepﬁ allows to compute the attractiveness

of a facility j with respect to a customeri on scenarios. We de ne dMA* and IMAX as the
maximum distance between a customer and a facility and the maximum service level score,
respectively.

The goal is to maximize the number of customers attracted by the new facilities over all the
scenarios. The decision variables involved in the model are the following. Variaplesdicate
whether a facility of levek is opened at locatiorj. These are rst stage variables and the only
set of variables on which the decision maker directly acts. Basing on the facility opening and
design decisions the value of the attraction variableﬁ, which indicate whether customer

is attracted by facility j on scenarios, is computed basing on the fact that each customer
follows its rationale and is attracted by the facility with the highest score among those located
within its compatibility radips.l'Trle goal is to maximize the number of attracted customers
over all the scenarios (i.e. 5 ; jpro X’ ). The resulting problem can be classied as a

|
two-stage stochastic bi-level problem with multiple followers.

Solution Approach

To e ciently and e ectively solve the bi-level stochastic problem we propose a three-step
deterministic policy, named POLU. The rst step consists into solving a pessimistic (P) version
of the model in which the goal is to maximize the number of customers attracted by a facility
for any rate of importance of the distance/service level. This is equivalent to solve a robust
version of the model. At the second step we solve an optimistic version of the problem (O), in
which we use the residual budget (if any) to open additional facilities in order to maximize the
number of customers that can be attracted for at least one value of. At the third step, if
there is still a residual budget available, we use it to upgrade the service in the facilities opened
at the previous steps, in order to maximize the total service level score. This procedure is
named as Level Upgrade (LU). Preliminary results show that the proposed policy outperforms
the deterministic equivalent problem (DEP) (in which each uncertain parameter takes its
expected value, i.e. where all the takes value 0.5) and the pure optimistic and pessimistic
policies.
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The Linear Ordering Problem (LOP) is a classic combinatorial optimization problem with
applications in economics (input-output analysis), logistics (rank aggregation), and social
choice theory (voting systems). In this presentation, we introduce an alternative integer
programming formulation for the LOP based on assignment variables and novel constraints.
Unlike traditional formulations that rely on tournament variables (e.g., [3]), our approach
leverages assignment-based modeling to enhance computational e ciency and exibility. We
discuss the theoretical foundations of the formulation, its advantages in terms of constraint
structure, and preliminary computational results comparing it to existing methods.

The LOP is known to be equivalent to several other optimization problems, including

The Triangular Feedback Arc Set Problem [4],
The Slater Ranking Problem [5],

The Minimum Violation Ranking Problem [1],
The Rank Aggregation Problem [2]

This work contributes to the broader eld of location science by providing a new perspective
on solving ranking and seriation problems.
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Abstract

In location science, hub location problems are used to connect demands in a network via hubs
[1]. They are applied in a wide range of cases, like transportation and logistics, airlines and
airports, postal delivery services, supply chains, telecommunications, and emergency services
[2]. In some of these situations, variations in client demand ows within the network might
occur and potentially alter the optimal distribution of hubs. Depending on the size of the hub
location problem, updating the optimal solution in response to these demand changes might
be straightforward or infeasible within a reasonable time.

A recent research trend explores the application of Machine Learning (ML) in Combinatorial
Optimization to improve and speed-up decision-making [3]. Some authors [4] have applied ML
techniques to manage small perturbations in certain location problems and predict potential
changes in their optimal solution. Building on this idea, our work aims to use ML to address
perturbations in client ows for the Uncapacitated Single-Allocation p-Hub Median Problem
(UMApHMP), to predict the impact on the solution. We are interested in inter-hub complete
and uncomplete networks and both small and large problems.
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Introduction

In this proceeding, we provide a uni ed de nition omediated graphsa combinatorial structure
with multiple applications in mathematical optimization, convex geometry, and real algebraic
geometry what is known asconvex algebraic geometry and closely related to the concept

of mediated set[2]. We study the rst geometric and algebraic properties of this novel family
of graphs and analyze extremal which will meamptimal later mediated graphs under the
partial order induced by the cardinality of their vertex sets. We derive mixed integer linear
programs (MILP) to compute these challenging graphs and show that these structures are
crucial in di erent elds, such as determining a minimal second order cone programming
(SOCP) formulations for optimization problems over generalized power cones, or computing
a sum of squares decomposition of nonnegative polynomials supported on circuits, or even
certifying if a decomposition like that exists. Hence the close relationship between mediated
graphs andconic algebraic geometry. In the end, we report the results of an extensive battery
of experiments to show the validity of our approaches.

Let « ""andA ¢ be a nite set. An e geometric directed graphG = V;Ais said an

A mediated graphif AV, v <;,andifw2 v,then2v w2 v, forallv2VnA.

Let A =f0;0;7;0;0; 7g (red dots) in Figure 1 we show two di erentA mediated graphs

in two di erent domains. In the left picture, we show aA mediated graph constructed on
«=" 2 Note that, apart from the points in A, four more vertices appear in the graph (blue
dots), namely0:5; 0:5; 1; 1; 2; 2, and 3:5; 3:5, all of them midpoints of two other vertices in
the graph. The arrows indicate the arcs in the graph, each of them directed from the vertex
to the two other vertices for which it is a midpoint. In the right picture, we show an example
of a A-mediated graph with domairr =& 2. In this case, the graph consists af0 vertices

(3 of them those inA), but the coordinates of the points are now integer numbers. In this
case, the vertices not ilA are: 1,0, 1;1, 1;2, 2;0, 2;4, 4,0, and 4; 1.

The family of mediated graphs can be endowed with a partial order induced by the cardinality
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