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Abstract
We introduce this volume of theAnnals of Operations Research that collects updated versions
of the invited surveys that appeared in the journal 4OR—A Quarterly Journal of Operations
Research.

Keywords Survey · Collection · 4OR - A Quarterly Journal of Operations Research

1 Foreword

There exists a long standing collaboration between 4OR: A Quarterly Journal of Operations
Research and Annals of Operations Research (AOR), whereby on a triennal basis, the Editor-
in-Chief of AOR invites the Editors-in-Chief of 4OR as guest editors to produce a special
issue collecting the “state-of-the-art surveys” published in the past three volumes of 4OR.
The present issue gathers nine surveys published by 4OR in the triennium 2021-2023, and
continues the previous series of six volumes already published inAOR: Bouyssou et al. (2007,
2010), Liberti et al. (2013, 2016), Crama et al. (2018a, 2022).

The success of the series has its origin in the excellence of the surveys,written byprominent
researchers in their field, often addressing hot topics and presenting their latest advances and
future trends. The surveys are always nicely written and strive to be accessible to the non-
specialists. Their re-publication in Annals of OR disseminates them to a wider audience, and
provides an opportunity for their authors to update or revise the original version (the fact that
4OR and AOR are both published by Springer helps with copyright issues). We address all
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our thanks to the authors for their willingness to re-work and re-publish their survey, as well
as for their promptitude.

2 About 4OR

In 2002, the Belgian and Italian Operations Research societies (respectively, ORBEL and
AIRO) decided to stop publishing their historical national journals, JORBEL and Ricerca
Operativa. The goal was to optimize the use of scarce resources and to jointly launch a
new journal with better international visibility. The Belgian and Italian societies were soon
joined by the French Operations Research society (ROADEF) and, with the help of Springer,
they started publishing 4OR in 2002. As its name suggests, this journal is “for” Operations
Research (OR). The full name of the journal was originally Quarterly Journal of the Belgian,
French and Italian Operations Research Societies, but soon (in 2004) changed to 4OR: A
Quarterly Journal of Operations Research so as to better reflect its growing international
impact.

4OR is managed by a group of three editors-in-chief, one from each promoting national
OR society, assisted by a board of highly qualified area editors. (For the period 2021-2023,
the editors-in-chief were the authors of this editorial.) Every third year, the editors-in-chief
prepare a report on the latest three years of existence of the journal (see Bouyssou et al.
(2006, 2009), Liberti et al. (2012, 2015), and Crama et al. (2018b, 2021, 2024)).

Every year, one volume of four issues is published. Papers in volumes 19 (2021), 20
(2022), and 21 (2023) fall into three different categories, namely (we indicate in parentheses
the total number of papers in each category):

Invited surveys (10): Nine of these state-of-the-art surveys are collected in the present
volume. They are written by prominent researchers upon invitation of the editors-in-chief.

Research papers (61): The journal publishes original research papers in all areas of OR.
PhD thesis abstracts (19): As a way to increase the visibility of PhD theses defended in

Belgian, French, or Italian institutions, or by Belgian, French, or Italian nationals, the journal
publishes two-page summaries of the theses under the responsibility of the PhD advisors.

The journal also accepts submissions in two additional categories, namely, Industry papers
(1) and Educational papers (4).

3 The collections of surveys

In its first 21 years of existence, 4OR has published 71 invited surveys. They offer an in-
depth coverage of classical and emerging traditional topics in Operations Research. Looking
at their titles also provides a glimpse of the evolution of the field over the last two decades.
As mentioned above, the present collection includes nine out of ten surveys published in
volumes 19-21 of 4OR, from 2021 to 2023. For each survey, we list hereunder its (updated)
title, we provide a brief summary, and we indicate in which 4OR volume/issue its original
version appeared. The list follows the order of publication in 4OR.

Next, in order to provide a perspective on the topics that 4OR has covered over time, we
present in a subsequent section a complete list of the surveys that were included in the six
previous volumes of the Annals of Operations Research Bouyssou et al. (2007, 2010); Liberti
et al. (2013, 2016); Crama et al. (2018a, 2022).
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3.1 The current volume: surveys in operations research VII

1. The unexpected power of linear programming: an updated collection of surprising appli-
cations (4OR 19/1, Golden et al. (2021)): Linear programming has had a tremendous
impact in the modeling and solution of a great diversity of applied problems. Bruce
Golden, Linus Schrage, Douglas Shier, and Lida Anna Apergi show that linear program-
ming transcends its linear nomenclature and can be applied to an even wider range of
important practical problems. The article presents an updated selection from this range
of problems that at first blush do not seem amenable to linear programming formulation.

2. Frank-Wolfe and friends: a journey into projection-free first-order optimization methods
(4OR 19/3, Bomze et al. (2021)): Described in 1956 in a seminal paper by Marguerite
Straus-Frank and Philip Wolfe, the Frank-Wolfe method recently enjoys a remarkable
revival, fuelled by the need of fast and reliable first-order optimization methods in Data
Science and other relevant application areas. Immanuel M. Bomze, Francesco Rinaldi,
and Damiano Zeffiro explain the success of this approach by illustrating versatility and
applicability in a wide range of contexts, combined with an account on recent progress.

3. Challenges and opportunities in crowdsourced delivery planning and operations—an
update (4OR 20/1, Savelsbergh and Ulmer (2022)): Crowdsourced delivery involves
enlisting individuals to deliver goods and interacting with these individuals through an
Internet platform. Importantly, the crowdsourced couriers are not employed by the plat-
form and this has fundamentally changed the planning and execution of the delivery
of goods: the delivery capacity is no longer under (full) control of the company man-
aging the delivery. Martin Savelsbergh and Marlin W. Ulmer present the challenges this
introduces, review how the research community has proposed to handle some of these
challenges, and elaborate on the challenges that have not yet been addressed.

4. Contemporary approaches in matheuristics: an updated survey (4OR 20/2, Boschetti and
Maniezzo (2022)): Marco Antonio Boschetti and Vittorio Maniezzo consider heuristic
algorithms based on mathematical tools such as the ones provided by mathematical pro-
gramming and describe the mathematical tools available and the resulting metaheuristic
approaches, reporting some representative examples from the literature and providing
ideas for possible future development. References to contributions to matheuristics de-
riving from neighboring research areas such as Artificial Intelligence or Quantum Com-
puting are also included.

5. Home healthcare routing and scheduling: operations research approaches and contem-
porary challenges (4OR 20/3, Euchi et al. (2022)): Home health services arise from
the need for hospitals to care for patients and/or dependent persons who, due to special
conditions, require hospitalization and/or care at home. The organization of this service
impacts the quality and cost of health services, which implies the programming of medi-
cal and social staff and the design of their daily routes. Jalel Euchi, MalekMasmoudi, and
Patrick Siarry present an extensive literature review of the related literature, proposing a
taxonomy and summarizing the state-of-the-art decision-making solutions to deal with
these problems.

6. Moderate exponential-time algorithms for scheduling problems (4OR 20/4, T’kindt et al.
(2022)): Vincent T’kindt, Federico Della Croce, andMathieu Liedloff investigate moder-
ate exponential-time algorithms for N P-hard scheduling problems, i.e., exact algorithms
whose worst-case time complexity is moderately exponential with respect to brute force
algorithms. They provide a comprehensive overview of known results and detail general
techniques to derive such algorithms.
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7. A guided tour of multiple criteria sorting models and methods (4OR 21/1, Belahcène
et al. (2023a) and 4OR 21/2, Belahcène et al. (2023b)): In this extensive paper, originally
published in two parts, Khaled Belahcène, Vincent Mousseau, Wassila Ouerdane, Marc
Pirlot, and Olivier Sobrie review the literature on multiple criteria sorting methods, since
their origins in the Eighties, focusing on the underlying models. In the first part of the
survey they recall two main models (UTADIS and Electre Tri), drawing a picture of the
multiple criteria sortingmodels and themethods designed for eliciting their parameters or
learning thembased on assignment examples. In the second part they provide a theoretical
view of the field and position some existing models within it, discussing issues related
to imperfect or insufficient information.

8. An introduction to variational quantum algorithms for combinatorial optimization prob-
lems (4OR 21/3, Grange et al. (2023)): Noisy intermediate-scale quantum computers
are now readily available, and researchers are experimenting with variational quantum
algorithms. Camille Grange, Michael Poss, and Eric Bourreau provide a mathemati-
cal description of this class of algorithms and concentrate on the quantum approximate
optimization algorithm, which is one of the most popular such method studied by the
combinatorial optimization community.

9. An updated survey of attended home delivery and service problems with a focus on
applications (4OR 21/4, Cordeau et al. (2023)): Jean-François Cordeau, Manuel Iori,
and Dario Vezzali review a research field that has experienced fast growing interest in the
last two decades, with the rapid growth of online platforms and e-commerce transactions:
attended home delivery and attended home service problems. They provide an extensive
literature review, with a particular focus on real-world applications, and a discussion of
promising future research directions.

A tenth survey was actually published in 4OR 19/2, namely a survey by the late Ger-
hard Woeginger entitled The trouble with the second quantifier (Woeginger, 2021). In this
paper, the author presented an array of optimization problems that allow natural formulations
involving one existential and one universal quantifier. He discussed the connections of these
problems to robust optimization and to bilevel optimization. Unfortunately, the Publisher’s
copyright policy did not allow us to include this survey in the present collection.

3.2 The previous volumes: surveys in operations research I-VI

1. The omnipresence of Lagrange (4OR 1/1, Lemaréchal (2003)): Claude Lemaréchal
points out that Lagrangean relaxation is not just a technique for handling combinatorial
optimization problems, but a basic method in many more optimization issues.

2. The dial-a-ride problem: models and algorithms (4OR 1/2, Cordeau and Laporte
(2003)): Jean-François Cordeau and Gilbert Laporte present an exhaustive introduc-
tion to door- to-door delivery problems arising in social services.

3. Lifting, superadditivity, mixed integer rounding and single node flow sets revisited (4OR
1/3, Louveaux and Wolsey (2003)): Quentin Louveaux and Laurence Wolsey show that
a combination of integer rounding and lifting techniques provides a unified way to
obtain many of the valid inequalities for mixed 0–1 sets that have been proposed in the
literature.

4. Models and solution techniques for frequency assignment problems (4OR 1/4, Aardal
et al. (2003)): Karen Aardal, Stan van Hoesel, Arie Koster, Carlo Mannino, and Anto-
nio Sassano give a thorough overview of the different modeling ideas developed for the
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various situations in which a frequency assignment problem arises in wireless commu-
nication.

5. Combinatorial auctions (4OR 2/1, Abrache et al. (2004)): Jawad Abrache, Teodor
Gabriel Crainic, Michel Gendreau, and Monia Rekik review several contributions from
the Operations Research literature on a particular type of auctions in which participants
are allowed to bid on bundles of multiple heterogeneous items.

6. Ethics in OR/MS : past, present and future (4OR 2/2, Brans and Gallo (2004)): Jean-
Pierre Brans and Giorgio Gallo discuss fundamental questions on the social role of
Operations Research / Management Science tools and the new challenges posed by the
growing complexity of the problems humanity is facing today.

7. Combinatorial optimization and hierarchical classifications (4OR 2/3, Barthélemy et al.
(2004)): Jean-Pierre Barthélemy, François Brucker, andChristopheOsswald review sev-
eral extensions of traditional hierarchical classification techniques from a combinatorial
optimization point of view, and study the complexity of the underlying optimization
problems.

8. Counting and enumeration complexity with application to multicriteria scheduling (4OR
3/1, T’kindt et al. (2005)): Vincent T’kindt, Karima Bouibede-Hocine, and Carl Ess-
wein study several aspects of multicriteria scheduling, with special emphasis on the
complexity of problems linked with counting and enumerating optimal solutions.

9. An overview of bilevel optimization (4OR 3/2, Colson et al. (2005)): Benoît Colson,
Patrice Marcotte, and Gilles Savard review the good progress that is being made in
handling special classes of problems inwhich the objective involves the optimal solution
to another second level problem, or admit even more levels.

10. Complexity and algorithms for nonlinear optimization problems (4OR 3/3, Hochbaum
(2005)): Dorit Hochbaum analyzes the effort needed to produce optimal solutions with
pre-specified accuracy for nonlinear continuous optimization problems, and presents
polynomial-time methods for several nonlinear network problems.

11. Production planning with load dependent lead times: an update of research (4OR 3/4,
Pahl et al. (2005)): Julia Pahl, StefanVoß, andDavid L.Woodruff give a detailed account
of techniques for supply chain management in contexts where it is required to produce
goods in a timely manner so as to be able to meet a demand varying in time and space.

12. Some operations research methods for analyzing protein sequences and structures (4OR
4/2, Błażewicz et al. (2006)): Piotr Łukasiak, Jacek Błażewicz, and Maciej Miłostan
review Operations Research techniques that were relatively recently introduced in biol-
ogy, especially in the protein analysis area, to support biologists.

13. Integrating operations research in constraint programming (4OR 4/3, Milano and Wal-
lace (2006)): Michela Milano andMarkWallace describe how constraint programming,
viewed as a natural formalism for modeling problems, allows linear programming to be
combined with propagation and novel and varied search techniques.

14. Ejection chain and filter-and-fan methods in combinatorial optimization (4OR 4/4,
Glover and Rego (2006)): César Rego and FredGlover present the general framework of
the ejection chain and filter-and-fan methods, powerful neighborhood structures funda-
mental to the performanceof local search andmetaheuristic algorithms for combinatorial
optimization.

15. An updated survey on the linear ordering problem for weighted or unweighted tourna-
ments (4OR 5/1, Charon and Hudry (2007)): Irène Charon and Olivier Hudry survey
results, conjectures, and open problems dealing with the combinatorial and algorithmic
aspects of the linear ordering problem.
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16. Combinatorial optimization and green logistics (4OR 5/2, Sbihi and Eglese (2007)):
Abdelkader Sbihi and Richard W. Eglese introduce the area of green logistics and
describe the main topics in this field which can be formulated as combinatorial opti-
mization problems.

17. Generalized Nash equilibrium problems (4OR 5/3, Facchinei and Kanzow (2007)):
Francisco Facchinei and Christian Kanzow discuss the main properties and solution
algorithms for the generalized Nash equilibrium problem, an important model that has
its roots in the economic sciences but is being fruitfully used in many different fields.

18. Exact algorithms for routing problems under vehicle capacity constraints (4OR 5/4,
Baldacci et al. (2007)): Roberto Baldacci, Paolo Toth, and Daniele Vigo review the
most recent developments that had a major impact in the current state-of-the-art of
exact algorithms for the capacitated vehicle routing problem.

19. A decade of application of the Choquet and Sugeno integrals in multi-criteria deci-
sion aid (4OR 6/1, Grabisch and Labreuche (2008)): Michel Grabisch and Christophe
Labreuche examine the main advances on the use of the Choquet and Sugeno integrals
in multi-criteria decision aid over the last decade.

20. On the use of graphs in discrete tomography (4OR 6/2, de Werra et al. (2008)):
Dominique de Werra, Marie-Christine Costa, Christophe Picouleau, and Bernard Ries
present a tutorial paper on a graph theoretical model for the basic image reconstruction
problem which stems from discrete tomography.

21. Mathematical optimization in intensity modulated radiation therapy (4OR 6/3, Ehrgott
et al. (2008)): Matthias Ehrgott, Çiğdem Güler, Horst W. Hamacher, and Lizhen Shao
survey optimization models, methods, and theories in mathematical optimization which
were recently successfully introduced in the design of intensity modulated radiotherapy
treatments.

22. Variable neighborhood search: methods and applications (4OR 6/4, Hansen et al.
(2008)): Pierre Hansen, Nenad Mladenović, and José A. Moreno Pérez review the main
aspects of variable neighborhood search metaheuristics, a framework based upon sys-
tematic changes of neighborhoods.

23. Constraint programming-based column generation (4OR 7/2, Gualandi and Malu-
celli (2009)): Stefano Gualandi and Federico Malucelli survey recent applications and
advances of the constraint programming-based column generation framework, where
the master subproblem is solved by traditional OR techniques, while the pricing sub-
problem is solved by constraint programming.

24. The core of games on ordered structures and graphs (4OR 7/3, Grabisch (2009)):Michel
Grabisch gives a unified view of the results that have been obtained by defining a game
on a subcollection of the power set of the set of players, examining the implications on
the mathematical structure of the core.

25. Intra-domain traffic engineering with shortest path routing protocols (4OR 7/4, Altın
et al. (2009)): Ayşegül Altın, Bernard Fortz, Mikkel Thorup, and Ümit Hakan review
optimization techniques that have been developed for managing intra-domain routing in
networks operated with shortest path routing protocols, and the state-of-the-art research
that has been carried out in this direction.

26. Extended formulations in combinatorial optimization (4OR 8/1, Conforti et al. (2010)):
Michele Conforti, Gérard Cornuéjols, and Giacomo Zambelli survey the size of perfect
formulations for combinatorial optimization problems, with special emphasis on situa-
tions where the addition of a polynomial number of extra variables allows a formulation
with a polynomial number of inequalities.
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27. Robust portfolio asset allocation and risk measures (4OR 8/2, Scutellà and Recchia
(2010)): Maria Grazia Scutellà and Raffaella Recchia discuss the mathematical mod-
els, and related algorithmic approaches, that have recently been proposed to address
uncertainty in portfolio asset allocation, focusing on robust optimization methodology.

28. Recent progress of local search in handling the time window constraints of the vehicle
routing problem (4OR 8/3, Hashimoto et al. (2010)): Hideki Hashimoto, Mutsunori
Yagiura, Shinji Imahori, and Toshihide Ibaraki review recent results on how to handle
hard and soft time window constraints of the vehicle routing problem, putting emphasis
on its different definitions and algorithms.

29. Makespan minimization in online scheduling with machine eligibility (4OR 8/4, Lee
et al. (2010)): Kangbok Lee, Joseph Y.-T. Leung, andMichael L. Pinedo examine online
scheduling problems in parallel machine environments with various types of machine
eligibility constraints, and the makespan as objective function.

30 Probabilistic decision graphs for optimization under uncertainty (4OR 9/1, Jensen and
Nielsen (2011)): Finn Jensen and Thomas Nielsen survey probabilistic decision graphs
formodeling and solving decision problemsunder uncertainty, providing an introduction
to influence diagrams and to alternative representation languages.

31. Airport runway scheduling (4OR 9/2, Bennell et al. (2011)): Julia Bennell, Mohammad
Mesgarpour, and Chris Potts review the main solution techniques (dynamic program-
ming, branch and bound, heuristics and meta-heuristics) that are used for scheduling
aircraft landings and take-offs.

32. Political districting: from classical models to recent approaches (4OR 9/3, Ricca et al.
(2011)): Federica Ricca, Andrea Scozzari, and Bruno Simeone introduce and discuss
selected optimization models and algorithms for political districting, which gave rise to
the main lines of research on this topic in the Operations Research literature of the last
five decades.

33. Mixed integer nonlinear programming tools: a practical overview (4OR 9/4,
D’Ambrosio and Lodi (2011)): Claudia D’Ambrosio and Andrea Lodi review avail-
able tools for solving mixed integer nonlinear programming problems, with the aim of
giving the reader a flavor of the difficulties one can face in this field.

34. Learning from conflicts in propositional satisfiability (4OR 10/1, Hamadi et al. (2012)):
Youssef Hamadi, Saïd Jabbour, and Lakhdar Saïs discuss the application of machine
learning techniques to SAT solving.

35. The symmetric quadratic knapsack problem: approximation and scheduling applica-
tions (4OR 10/2, Kellerer and Strusevich (2012)): Hans Kellerer and Vitaly Strusevich
discuss fully polynomial time approximation schemes for the Symmetric Quadratic
Knapsack Problem and the Half-Product Problem, and their application to various
scheduling problems.

36. Relaxations of mixed integer sets from lattice-free polyhedra (4OR 10/3, Pia and Weis-
mantel (2012)):AlbertoDel Pia andRobertWeismantel give an introduction to a recently
established link between the geometry of numbers and mixed integer optimization.

37. Semidefinite relaxations for partitioning, assignment and ordering problems (4OR 10/4,
Rendl (2012)): Franz Rendl introduces the field of semidefinite optimization for non-
experts. The basic concepts are explained on a mostly intuitive level. A variety of
semidefinite optimization models are presented on a selection of graph optimization
problems.

38. Bilevel programming and price setting problems (4OR 11/1, Martine Labbé and Alessia
Violin (2013)) present the main concepts, models and solution methods of pricing opti-
mization problems which can be modeled as bilevel programs.
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39. Combining metaheuristics with mathematical programming, constraint programming
and machine learning (4OR 11/2, Talbi (2013)): El-Ghazali Talbi gives a rational, cat-
egorized view of the field of hybrid metaheuristics, discussing in particular the case of
hybridization with mathematical programming and constraint programming.

40. Using multi-objective evolutionary algorithms for single-objective optimization (4OR
11/3, Segura et al. (2013)): Carlos Segura, Carlos Coello Coello, Gara Miranda, and
Coromoto León present the main methods that allow the use of multi-objective schemes
for single-objective optimization, and discuss several open topics and some possible
paths of future work in this area.

41. Global optimization based on local searches (4OR 11/4, Locatelli and Schoen (2013)):
Marco Locatelli and Fabio Schoen deal with the use of local searches within global
optimization algorithms, and present how the associated issues have been faced in the
existing literature.

42. Merit functions: a bridge between optimization and equilibria (4OR 12/1, Pap-
palardo et al. (2014)): Massimo Pappalardo, Giandomenico Mastroeni, and Mauro
Passacantando review the literature about merit functions for variational inequalities,
quasi-variational inequalities and abstract equilibrium problems.

43. On scheduling with the non-idling constraint (4OR 12/2, Chrétienne (2014)): Philippe
Chrétienne gives an overview of the main results obtained on the complexity of schedul-
ing under the non-idling constraint, i.e., when the jobs assigned to each machine must
be processed with no intermediate delay.

44. Deriving compact extended formulations via LP-based separation techniques (4OR 12/3
Lancia andSerafini (2014)):GiuseppeLancia andPaoloSerafini introduce a unifiedview
of compact extended formulations applied to combinatorial optimization problems.

45. Simulation optimization: a review of algorithms and applications (4OR 12/4 Amaran
et al. (2014)): Simulation optimization refers to the optimization of an objective function
subject to constraints, both of which can be evaluated through a stochastic simulation.
Satyajith Amaran, Nick Sahinidis, Bikram Sharda, and Scott Bury review some of the
diverse applications that have been tackled by these methods and speculate on future
directions in the field.

46. Large-scale unit commitment under uncertainty: an updated literature survey (4OR
13/2 Tahanan et al. (2015)): Milad Tahanan, Wim van Ackooij, Antonio Frangioni, and
Fabrizio Lacalandra survey the methods for the uncertain Unit Commitment problem,
in all its variants, starting with a review on the deterministic versions of the problem,
and then categorizing the approaches to the uncertain version.

47. When polynomial approximation meets exact computation (4OR 13/3 Paschos (2015)):
Vangelis Paschos outlines a recent research area aiming at building a new approximation
paradigm by matching two distinct domains: the polynomial approximation and the
exact solution of NP-hard problems by algorithmswith guaranteed and non-trivial upper
complexity bounds.

48. Shared mobility systems: an updated survey (4OR 13/4 Laporte et al. (2015)): Gilbert
Laporte, Frédéric Meunier, and Roberto Wolfler Calvo classify problems arising in
the optimization of shared mobility systems for bicycles and cars, under five main
headings: station location, fleet dimensioning, station inventory, re-balancing incentives,
and vehicle repositioning.

49. Vehicle routing problems with multiple trips (4OR 14/3 Cattaruzza et al. (2016)): Diego
Cattaruzza, Nabil Absi, and Dominique Feillet provide a unified view of mathematical
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formulations, exact algorithms, and heuristic approaches for the multi-trip vehicle rout-
ing problem and other families of routing problems where multiple trips are sometimes
allowed.

50. Recent results on assigned and unassigned distance geometry with applications to pro-
tein molecules and nanostructures (4OR 14/4 Billinge et al. (2016)): Simon Billinge,
Phillip Duxbury, Douglas Gonçalves, Carlile Lavor, and Antonio Mucherino introduce
distance geometry, a body of knowledge originated by seminal results of Menger and
Blumenthal, focusing on recent developments and on two main applications related to
three-dimensional conformations of biological molecules and nanostructures.

51. Optimization in liner shipping (4OR 15/1 Brouer et al. (2017)): Berit Dangaard Brouer,
ChristianVadKarsten, andDavid Pisinger review several data-driven optimization prob-
lems arising in liner shipping: network design, container routing, speed optimization,
empty container repositioning, stowage planning, disruption management, and bunker
purchasing.

52. Recent contributions to linear semi-infinite optimization: an update (4OR 15/3 Gob-
erna and López (2017)): Miguel Angel Goberna and Marco Antonio López review
the theory of deterministic and uncertain linear semi-infinite optimization, presenting
numerical approaches, describing a number of recent applications in a variety of fields,
and discussing extensions to related optimization areas.

53. Nonlinear optimization and support vector machines (4OR 16/2, Piccialli and Scian-
drone (2018)): Veronica Piccialli and Marco Sciandrone present the convex program-
ming problems underlying Support Vector Machine (SVM), focusing on supervised
binary classification. They analyze the main optimization methods for SVM training
problems, and discuss how their properties can be incorporated in designing useful
algorithms.

54. Recent studies of agent incentives in internet resource allocation and pricing (4OR 16/3,
Cheng et al. (2018)): The emergence of e-commerce and of web-based platforms has
raised the need for the adoption of innovative market mechanisms and allocation rules.
Issues related to the strategic manipulability of rules or to the best possible use of avail-
able information become crucial and take a new twist in this framework. Yukun Cheng,
Xiaotie Deng, and Dominik Scheder provide a review of recent OR publications on
these topics.

55. A selective survey of game-theoretic models of closed-loop supply chains (4OR 17/1,
De Giovanni and Zaccour (2019)): Pietro De Giovanni and Georges Zaccour survey two
key issues and future research directions related to closed-loop supply chains, namely
return functions, according to which end-of-life products are returned to a collector, and
coordination mechanisms, which are adopted to align the objectives of the supply chain
members.

56. Metaheuristics for data mining: survey and opportunities for big data (4OR 17/2, Dhae-
nens and Jourdan (2019)): In this paper, Clarisse Dhaenens and Laetitia Jourdan explain
howdifferent datamining tasks can bemodeled as combinatorial optimization problems,
and how metaheuristic approaches have been used to tackle these problems.

57. Quantum bridge analytics I: a tutorial on formulating and using QUBO models (4OR
17/4, Glover et al. (2019)): Motivated by the special role payed by quadratic binary
optimization (QUBO) models in quantum computing, Fred Glover, Gary Kochenberger
and Yu Du discuss a broad variety of combinatorial optimization problems which can
be formulated as QUBO problems.

58. Essentials of numerical nonsmooth optimization (4OR 18/1, Gaudioso et al. (2020)):
approximately 60 years ago cutting plane and subgradientmethods radically changed the
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landscape of mathematical programming. Manlio Gaudioso, Giovanni Giallombardo,
and Giovanna Miglionico give a survey of the key ideas underlying successive devel-
opment of the area, which took the name of numerical nonsmooth optimization, with
special focus on the research mainstreams generated under the impulse of the two initial
discoveries.

59. Vehicle routing problems over time: a survey (4OR 18/2, Mor and Speranza (2020)):
Andrea Mor and Maria Grazia Speranza review the literature on the class of vehicle
routing problems in which the decision about when the routes start from the depot has
to be taken. This class of problems includes the periodic routing problems, the inventory
routing problems, the vehicle routing problems with release dates, and the multi-trip
vehicle routing problems.

60. Mathematical programming formulations for the alternating current optimal power flow
problem (4OR 18/3, Bienstock et al. (2020)): The alternating current optimal power
flow problem is an optimization problem aiming at generating and transporting electri-
cal power at minimum cost. In this technical survey, Dan Bienstock, Mauro Escobar,
Claudio Gentile, and Leo Liberti review mathematical programming formulations of
the problem and of its variants and relaxations.

61. Quantum bridge analytics II: QUBO-plus, network optimization and combinatorial
chaining for asset exchange (4OR 18/4, Glover et al. (2020)): In this paper, Fred Glover,
Gary Kochenberger, Moses Ma, and Yu Du extend the range of applications of the
QUBO models introduced in Glover et al. (2019). They explain how these models can
be tackled by a combination of approaches inspired by classical network theory and by
metaheuristic methods.
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