HELORS HELLENIC OPERATIONAL @ﬂ

RESEARCH SOCIETY e

31*European Conference
on Operaticnal

Research s
. . C Juy -4

Conference

Handbook




EURDATHENS

P il

31*European Conference
onOperaticnal Research
July 11-1d universimy or west ammica

ISBN 978-618-85079-1-3

Contact Information

E-mail info@euro2021lathens.gr
Facebook facebook.com/euro202lath
Website euro202lathens.com

Twitter twitter.com/EUROonline_News



1.1 President of EURO
1.2 President of HELORS

1.3 Chair of the EURO 2021 Programme Committee
1.4 Co-chairs of the EURO 2021 Organization Committee

2. Organization

2.1 Programme Committee 14
2.2 Organization Committee 15
2.3 Organizational Support 16
2.4 Former EURO Presidents & Medalists 17

3. Programme

3.1 Programme Overview 20
3.2 Invited Plenary Speakers 25
3.3 Invited Keynotes Speakers 27
3.4 Special Sessions 34
3.5 Women in OR Event 36

3.6 Making an impact

4. EURO Awards and Prizes

5. Streams overview

Conference Sponsors

8. Useful information

8.1 Registration - Covid 19 Protocol 62
8.2 Session Guidelines 63
8.3 Conference App 64
8.4 Lunches, coffee breaks 64
8.5 Urban transportation in Athens 65
8.6 Emergency phones 65
9. Social Programme 67

10. Scientific Programme 71



Marc Sevaux
Université de Bretagne Sud
marc.sevaux@univ-ubs.fr

1.1 PRESIDENT OF EURO

It is a great pleasure to welcome you all to the 31t European Conference on Operational
Research.

Since the beginning of the pandemic situation, our lives have changed a lot. Our
personal lives, of course, but also the way we now approach our jobs. This is the first
time that the EURO conference has the word “Hybrid" attached to it everywhere. We all
know perfectly what it means now.

EURO, our organisation, supports a multitude of activities concerning the promotion

of “operational research”, and the important one for most of us is to gather at the
conference, to meet up with old friends, to make new professional relationships, to
shake hands, to build connections, to encounter new people, or to simply chat with
people in the same research domain. Fortunately, there is a lot besides. Attending a talk
on a new domain, supporting fresh PhD students at their first talk, asking challenging
questions after a presentation, sending a quick email to get a new reference in the
literature, having a new exciting idea by listening someone, inviting people to another
conference, all of this can be done whatever the format of the conference is.

To make this conference possible, a huge amount of work has been done with ups and
downs, twists and turns, but finally the conference is happening. And this is thanks

to the work of the Organising Committee (chaired by Nikolaos Matsatsinis and John
Psarras) and the Programme Committee (chaired by Rudolf Vetschera). Rudolf has
done an impressive job in preparing a great programme of presentations covering the
range of theory and applications in OR. Nikos and John had to struggle a lot to make
sure that the conference in this “hybrid format” will run smoothly. | would like to thank
them and everybody who has contributed to this EURO 31 conference.



1.1 PRESIDENT OF EURO

Athens, what a destination to start a new decade in our EURO conferences! Athens,
the cradle of Western civilization and over 2500 years old, the Greek capital continues
to fascinate and remains an eldorado for history and archaeology enthusiasts but also
becomes a must for those who want to feel the beating heart of modern Greece. |
would like to ask all the participants who have the opportunity to travel to Athens, to
enjoy the city twice more, for the ones who cannot travel this year, and to take a bit of
the Greek spirit back in your luggage to share it in your place.

For sure, the EURO conference will be different this year. Despite this new format, and
with the help of all of you, | am sure that the conference will be a success. | wish you all
a very productive conference.

Marc Sevaux
President of EURO
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1.2 PRESIDENT OF HELORS

Dear Colleagues and Dear Friends,

On behalf of the Hellenic Operational Research Society (HELORS), let me warmly
welcome you to our country and to EURO 2021, the 31st European Conference on
Operational Research. We would like to offer a warm welcome to participants from
countries around the world.

HELORS, the Hellenic Operational Research Society, was founded in 1963. During

these years, our society presents a wide range of activities. Among them, HELORS
publishes in collaboration with Springer, the scientific journal ‘Operational Research’
with IF 2020: 2,410, in which we invite you to consider submitting your valuable work.
HELORS has organized in various Greek cities, thirty (30) National Conferences of

which the last eight (8) are international conferences, six (6) Balkan Conference on
Operational Research (BALCOR). It has also organized the 12th International Conference
on Operational Research of IFORS in Athens (June 1990) and the European Conference
EURO XX in Rhodes (July 2004).

First of all, | would like to thank all the OR societies, members of EURO, who trusted
us the organization of EURO 2021 in Athens. It was our great honor and we tried

to respond to it, despite the problems caused and the uncertainty created by the
pandemic.

Next, | would like to thank the Organization and Program Committees, which despite
the adversity, have done a great job of offering us all a high-level scientific event, with
plenaries and keynotes speeches, pioneering presentations reflecting the dynamic
state of our field and our profession. EURO 2021 will also be an excellent forum for open
discussions about important issues such as the role of women as scientific researchers
(Women in Science Event) and the practice of OR (Making an Impact).



1.2 PRESIDENT OF HELORS

The schedule certainly promises to be exhausting. Unfortunately, the pandemic did not
allow us to organize a conference as we had planned and would like to hold. Those who
will come to Athens will be able to find the opportunity to combine the Conference
with visits to its impressive cultural heritage, to try Greek gastronomy, to enjoy the
beaches and to have fun after the conference.

Although we will not all be in Athens we will all be in this great scientific Conference
(Virtually and Physically).

Let's enjoy the Conference

Nikolaos Matsatsinis
President of HELORS
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1.3 CHAIR OF THE EURO 2021
PROGRAMME COMMITTEE

Like any other activity that has been going on (or, in many cases, not going on) during
the past 18 months, preparation of the EURO 2021 conference was strongly affected by
the Covid-19 pandemic. While is soon became clear that this conference would be very
different from the previous 30 EURO-k conferences, the program committee always
considered it important to provide the conference participants with an environment that
is as similar to that of a traditional conference as possible under the given circumstances.
We therefore early on decided to organize this conference as a hybrid conference, which
combines an online part with a smaller “core” part of the conference to be held on site at
the originally planned conference location.

Adding an online component to an on site conference obviously increases the
complexity of the problem considerably. One has to take into account not only
synchronization of the online and on site parts of the conference, but also different
time zones of speakers and other constraints. This planning was affected by
considerable uncertainty concerning the regulations under which the on site part
could take place as well as about travel restrictions of potential participants. In short,
creating a program for the EURO 2021 conference was a typical OR problem with
complex constraints, many stakeholders conflicting objectives and a high level of
uncertainty.

The expertise and effort of many have contributed to solve this problem. First of all, |
would like to thank all the conference participants, session and stream organizers for
their patience and support. In many cases, the uncertainty the program committee
was facing had to be passed on to them. While we frequently asked them questions
such as the planned mode of participation, we as frequently could not yet give
definite answers to the many questions participants had. Thank you very much

for the great understanding you have shown during these months. We shared the
difficulties and the uncertainty with the local organizing committe, chaired by Nikos
Matsatsinis and John Psarras, thank you for the excellent collaboration that helped
us to resolve many problems soon after they arose. Last but not least | want to thank
all my colleagues in the program committee. It was an incredible journey that we
took together, without your effort and enthusiasm it would not have been possible to
achieve the results we have obtained.



1.3 CHAIR OF THE EURO 2021 PROGRAMME COMMITTEE

This joint effort has resulted in an outstanding conference program. While

EURO 2021 is smaller than previous EURO-k conferences, we still obtained over
2000 submissions, from which eventually 1,832 made it to the final program. 331
presentations will be given on site, and 1,501 online. This strong turnout shows the
strength of our community and its willingness to overcome many difficulties to
maintain the high level of scientific exchange that EURO-k conferences provide.
Three plenary events, including a lecture by Coralia Cartis, the IFORS distinguished
lecture by Janny Leung and a plenary on Perspectives on the Role of Abanlysis in
High-level Political Decisions as well as twelve keynotes by outstanding researchers
are particular highlights of the scientific program.

Not to the least because of its online part, EURO 2021 retains the global character

of previous EURO k conferences with presentations of speakers from 63 countries
from all continents (except Antarctica). The scientific program not only gives a broad
overview of the diverse research areas that fall under the umbrella of Operational
Research, it also clearly shows that our community is willing and able to address the
important questions of our time: Quite a few papers deal with specific problems
related to the Covid-19 pandemic. Other important global issues such as the climate
change and the conversions in our society it requires, e.g. by emphasizing e-mobility
or recycling, are also well represented in the conference program.

A hybrid conference of this scale is a new experience for many of us. | hope, and I am
quite confident, that despite of the different format, this conference will provide as
many opportunities to learn new research results, obtain new insights and exchange
ideas as the physical conferences in previous years. | wish all participants, those
present in Athens and those participating online, a successful conference and look
forward to interesting and inspiring days.

Rudolf Vetschera
Chair of the program committee
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1.4 CO-CHAIRS OF THE EURO 2021
ORGANIZATION COMMITTEE

On behalf of the Organizing Committee, we are very pleased and proud to welcome
you to Athens the capital of Greece, host of the 31st EURO conference. Athens, has

a history of more than 3000 years and, it is the birthplace of democracy, of many
mythical figures such as Augeas and Theseus, of great politicians such as Solon,
Pericles, Themistocles, etc., many philosophers such as Socrates, Plato, Aristotle, etc.,
and of the great tragic poets Aeschylus, Sophocles, Euripides, etc. Athens itself, the
Acropolis and the areas of the Athens archives around it are an open museum for
visitors. The area of the Conference itself, the University of West Attica, is located in
the area of the Holy Olive Grove ‘Eleona’ where Plato taught his students.

We would like to thank HELORS and EURO for entrusting us with the organization of
EURO 2021. The organization of such a famous and great conference is a great honor
but also a challenge. We have participated in many EURO, for many years, and in each
of them we attended interesting lectures, we have enjoyed interesting discussions,
met new and old colleagues and friends, and created beautiful memories. When we
were appointed to organize this conference, we accepted the challenge of providing
this atmosphere capable of facilitating networking, debate, and presentation of new
applications and advances in OR. Unfortunately, the emergence of the pandemic,

its evolution, as well as the constant changes in health protocols in all countries,
forced us to constantly review all our goals and plans. In these dynamically changing
conditions and despite the uncertainty, we set as our main goal to hold a successful
conference. To achieve this, we increased the degrees of freedom of the conference
participants by giving them more opportunities to make decisions about their
participation as close to the conference dates as possible. That is, with the best
possible information and therefore with the least risk. This was made possible

by choosing the mode of the conference as ‘Hybrid’ and on the other hand by
postponing the submission deadlines, registrations and changes, as late as possible.
We knew that with these key decisions we faced a big risk for the conference success
but, with the hard work of the Organizing Committee, the Program Committee, the
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1.3 CHAIR OF THE EURO 2021 PROGRAMME COMMITTEE

HELORS and the EURO, we turned this into a great, in the current circumstances,
success. The result of this effort is the submission of more than 2000 papers the final
acceptance of 1832 papers of which 331 will be presented with physical presence.

While Rudolf Vetchera and the Program Committee have developed an interesting
academic program, our task, as leaders of a team with members from many Greek
Universities, has been to prepare the environment for the first ‘Hybrid' EURO
conference, the implementation of special health protocols, infrastructure, logistics,
and the best allowed social program under the current conditions. We hope we
managed to achieve the desired atmosphere for interacting with old and new friends
and make your visit to Athens a memorable and fruitful experience.

Welcome to Athens either virtually connected or on site!!
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3.1 PROGRAMME OVERVIEW PHYSICAL ROOMS
BUILDING A

Sunday | July 11, 2021

17:30-19:00 Opening Session

19:00-21:00 Welcome Cocktail

Monday | July 12, 2021

MA-1: Mathematical
08:30-10:00 Models in Macro- and
Microeconomics 1

MA-4: Emerging
Applications in
Management Science |

MA-2: Power system MA-3: Sustainable
economics Supply Chains

MB-3: Robust and
. . MB-1: Dynamics and MB-2: Flexible shop stochastic modeling in
10:30-12:00 . . .
Games 3 scheduling problems  logistics, production and
warehouse planning
12:00-12:30 Lunch Break 12:00 - 14:30
MC-1: Sustainable MC-2: Robust resource MC-3:_Int_era<?t|ve MC-4:_Emerg|ng .
. . - 5 Multiobjective Collaborative Economics
12:30-14:00 finance for the allocation and . 8
. " Combinatorial and Management under
environment scheduling PR N
Optimization Uncertainty 2
14:00-14:30
MD-3: The Role . s
. . MD-1: Optimal Control  MD-2: Scheduling and of Mathematical (-2 Qg ene]
14:30-16:00 e " P and Information
Theory and Applications Project Management Optimization in Data
) Management 1
Science VI
Tuesday | July 13, 2021
TB-2: Dynamical TB-3: Lot sizing:
e En T . Systems and decomposition
[e=Dgl2:00 ISR el (K Syl Mathematical Modeling approaches and
inOR 1 applications
12:00-12:30 Lunch Break 12:00 - 14:30
12:30-14:00 TC-1: Prof. Apostolos TC-2: Portfolio Selection TC-3: Data Scllence and TC-4: Helalthcare
Burnetas Analytics Services
14:00-14:30
. A TD-3: Numerical . I
14:30-16:00 JgZaotiochastic Methods in Continuous 104 Humanitarian
Dominance in Finance L supply chains
Optimization
. . . . TE-4: Models for
16:30-18:00 e New IREEPeEies e $upp|y chgm Disaster Preparedness
in Queues planning - on site
and Response

TF-2: Game Theory,
18:30-20:00 Solutions and Structures



Room A105

BUILDING A

Room A103 Room A102

Sunday | July 11, 2021

Monday | July 12, 2021

Room A101

MA-6: MILP algorithms
for routing problems |

MC-5: Analytic Hierarchy
Process

MD-5: AHP/ANP
Applications

MB-6: Mixed Integer
Linear Programming for
resource allocation

Lunch Break 12:00 - 14:30

MC-6: Mixed Integer
Linear Programming
for transportation
problems |

MD-6: MILP in
Manufacturing and
Logistics

Tuesday | July 13, 2021

TB-5: OR in Aviation 1

TC-5: OR for
Development and
Emerging or Developing
Countries

TD-5: OR in Agriculture

TB-6: Insurance risk
management

Lunch Break 12:00 - 14:30

TC-6: Heuristics,
mathheuristics and
hyperheuristics

TD-7: Network design
and facility location
problems

TC-8: Quality and
Maintenance

TD-8: OR in Marketing

TE-5: Further topics in
Energy Management

TE-6: Topics in
Combinatorial
Optimization Il

TE-7: Modeling
Decisions with Al

TE-8: Retail Operations
and Food Production

TF-5: Optimizing the
energy transition

TF-6: Combinatorial
optimization for
distribution and logistics Il

TF-7: Urban and
Territorial Planning in
MCDA

1

TF-8: Online and
Omnichannel Retailing Il

17:30-19:00

19:00-21:00

08:30-10:00

10:00-10:30

10:30-12:00

12:00-12:30

12:30-14:00

14:00-14:30

14:30-16:00

10:00-10:30

10:30-12:00

12:00-12:30

12:30-14:00

14:00-14:30

14:30-16:00

16:00-16:30

16:30-18:00

18:00-18:30

18:30-20:00
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08:30-10:00

10:00-10:30

10:30-12:00

12:00-12:30

12:30-14:00

14:00-14:30

14:30-16:00

16:00-16:30

16:30-17:30

17:30-19:00

19:00 - 22:00

BUILDING A

Room 3B

WA-1: New frontiers in
risk management

Wednesday | July 14, 2021

WA-2: Multicriteria
Decision Aid
Applications

'WA-3: Topics in
Combinatorial
Optimization Il

WA-4: Routing
applications - onsite

WB-1: Queues with
Strategic Customers Il

WD-1: Prof. Georg Pflug

WB-2: MCDA Methods 1

WB-3: Machine Learning
and Combinatorial
Optimization Il

Lunch Break 12:00 - 14:30

WC-2: MCDA Methods 2

WD-2: Methodological
developments in
PROMETHEE methods

WC-3: Combinatorial
Optimization in Health
and Social Care Il

WD-3: OR Meets
Computation 2

WB-4: Maritime
planning and logistics

WC-4: Queues with
Strategic Customers Il

WD-4: Complex routing
and location problems |

WE-1: Perspectives on
the Role of Analysis in
High-level Political
Decisions

WEF-1: Closing Session

Closing Cocktail



BUILDING A
Wednesday | July 14, 2021

WA-5: Public transport | WA-7: DEA applications
in education

WB-5: Novel Methods ~ WB-5: Public transport Il
in Optimization under Timetabling and public
Uncertainty transport

08:30-10:00

WB-7: Data WB-8: Initiatives in OR

Envelopment Analysis Education 2 LO:S0R12:00

12:00-12:30

WC-5: Optimization
under Uncertainty in WC-6: Optimization in WC-7: Cutting and
Energy and Waste robotic warehouses Il packing applications II
Management

12:30-14:00

14:00-14:30

WD-5: Pricing complex

It 14:30-16:00
securities

16:30-17:30

17:30-19:00

19:00 - 22:00



3.1 PROGRAMME OVERVIEW PLENARY AND KEYNOTE LECTURES

SUNDAY MONDAY TUESDAY WEDNESDAY
July 11 July 12 July 13 July 14
N ~N N N
08.30-09.00
Online
Keynote Lecture
CnlinciRlehary Mirjana Kljaji¢
Janny MY. Borstnar
09.00-10.00 Leung IFORS
Distinguished
Lecture

Ll Onsite
10.30-12.00 Keynotg LEEITTE Keynote Lecture
Zilla Sinuany- Ty —"
Stern o
12.00-12.30
Online Onsite
Cc 12.30-14.00 Keynote Lecture Keynote Lecture
Leen Stougie Apostolos Burnetas
Registration
14.00-14.30 open
14.00-20.00
Online Online
14.30-16.00 Keynote Lecture Keynote Lecture
Bissan Ghaddar Judit Lienert
16.00-16.30
Online Plenary
[SS=0a1Z50 Coralia Cartis Online
Keynote Lecture
Juan Miguel
17.30-18.00 Morales Gonzalez
18.00-18.30 Opening Session

18.30-19.00

19.00-19.30

Welcome

19.30-20.00 Cocktail

Online
Keynote Lecture
Michael Carter Conference

20.00-21.00 Dinner

20.30 - 00.30

Online
Keynote Lecture
Sirma Zeynep
Alparslan- Gok

Online
Keynote Lecture

Ruth Misener Lol

12.00-14.30

Onsite
Keynote Lecture
Georg Pflug

Online Plenary
Panel

Clossing Session

Closing Cocktail



3.2 INVITED PLENARY SPEAKERS

Corelia Cartis
Balliol College, University of Oxford, England

Online Plenary, Virtual Room 21
Monday July 12, 16.30-17.30

Optimization for Data Science (Scalability and tractability challenges)

Known by many names, sketching techniques allow random projections of data from high to low
dimensions, while preserving useful properties.

This talk explores ways to use sketching (and related techniques) as a powerful dimensionality
reduction tool, to improve the scalability of algorithms for diverse classes of optimization problems
and applications, from linear to nonlinear, local to global, derivative-based to derivative-free; global
rates of convergence as well as numerical illustrations will also be given.

Janny M.Y. Leung
IFORS Distinguished Lecture
The University of Macau, China

Online Plenary, Virtual Room 21
Tuesday July 13, 09.00-10.00

Public Transportation for Smart Cities

Theidea ofasmartcity is one that utilizes IoT technologies and data analytics to optimize the efficiency
of city operations and services, so as to provide a high quality of life for its citizens. Due to reduced
public funding, many public transportation systems are already facing challenges to maintain their
services. For a smart city, the goal of public transportation is not simply the movement of people, but
to provide mobility for living. This will be particularly challenging due changes in habitation trends
and work patterns. For example, the growth of mega-cities have led to extreme traffic congestion in
city centres and urban sprawl on their outskirts. In order to provide sufficient coverage/frequency, an
integrated co-ordinated multi-modal public transportation system is needed, leading to substantial
increase in operational complexity. Environmental concerns and the recent pandemic may also have
changed work and commuting patterns in the future, with more people working from home and
companies adopting flexible work shifts. For smart cities, public transportation must offer ubiquitous
access, real-time response to demand, convenience and quality service, and energy-efficient
operations. This talk will discuss the challenges in network design, operations planning, scheduling
and management of smart public transportation systems. Some case studies will also be presented.



Yanis Varoufakis
Member of Greek Parliament and MeRA25 leader, DIEM25 co-founder,
™ Professor of Economics — University of Athens | Honorary Professor of Political
i Economy — University of Sydney | Honoris Causa Professor of Law, Economics

and Finance - University of Torino | Distinguished Visiting Professor of Political
' ‘ Economy, Kings College, University of London

Onsite Plenary, Bulding A, Amphitheatre
Wednesday July 14,16.30-17.30

The inherent indeterminacy in forecasting the pandemic’s economic impact

George Mavrotas
Professor at the National Technical University of Athens
Secretary General of Sport in Greece

Onsite Plenary, Bulding A, Amphitheatre
Wednesday July 14, 16.30-17.30

CHILON: A multiple criteria evaluation system for sport federations

The evaluation of sport federations is always a critical task when sport policies are designed. A system
cannot be improved, ifitis not first evaluated. The Greek sport system is based on the sport federations
where each one of them cultivates one or more sports. In the present work, we developed a multiple
criteria evaluation system for the sport federations named “Chilon” after the Spartan Philosopher.
The evaluation system is subsequently linked to state funding. The four major criteria of evaluation
are: (1) size (2) distinctions (3) Activity and (4) Governance. In the designed hierarchical structure, the
4 criteria are composed of 18 sub-criteria and the values in the sub-criteria are evaluated through 64
indices that are provided by the sport federations. The value function is a simple additive function
where the weighting coefficients are actually the policy parameters and the score of each sport
federation in each criterion is calculated using proper reference values. The results provide useful
conclusions about the overall performance of the sport federations and reveal the strong and weak
points of each one of them.


https://euro2021athens.com/yanis-varoufakis
https://euro2021athens.com/george-mavrotas

3.3 INVITED KEYNOTES SPEAKERS

Sirma Zeynep Alparslan- Gok
Suleyman Demirel University, Turkey

Online Keynote Lecture
Wednesday July 14, 10.30-12.00

Recent advances in Cooperative games and their potential on Economics and Operations
Research situations under uncertainty

Cooperative game theory has been enriched in recent years with several models which provide
decision-making support in collaborative situations under uncertainty. Such models are
generalizations of the classical model regarding the type of coalition values. Thus, the characteristic
functions are not real valued as in classical case; meaning that payoffs to coalitions of players are
known with certainty; but they capture the uncertainty on the outcome of cooperation in its different
forms such as interval uncertainty, grey uncertainty, fuzzy uncertainty. To incorporate uncertainty
in cooperative games is motivated by the real world, where noise in observation and experimental
design, incomplete information and further vagueness in preference structures and decision making
play an important role. This causes a great mathematical challenge which is approached and well
understood in the case of interval uncertainty.

This talk surveys and improves recent advances in understanding the mathematical foundations and
interdisciplinary implications of cooperative games under uncertainty as well as the connections of
Operations Research approach to economics and its related instruments.

1l Mirjana Kljaji¢ Borstnar
University of Maribor, Slovenia

Online Keynote Lecture
Wednesday July 14, 08.30-10.00

The importance of understanding machine learning models in an organizational setting
Decision making in an organizational setting is a complex process involving a group of people
from interdisciplinary fields and in different roles. In the «data-driven» paradigm (from data-driven
organization to data-driven innovation to data-driven decision making), it is suggested that data
can add value to the organization. However, in many cases we have observed that this is not the
case. Data Analysts and Data Scientists are not the only ones who can turn data into value. It is
the understanding of complex organizational processes and ill-defined problems that, along with
sophisticated data analytics, can transform data into business value and advantage. We derive our
thesis from the idea that complex organizational problems can be efficiently supported by data
analytics if the following conditions are met: 1) data analytics is driven by well-defined problems
- the right questions are asked, 2) we have high quality data, and 3) data-driven models are well
understood and thus support organizational learning. To illustrate our assumptions, we will present
three real-world use cases of machine learning model implementation: 1) business-to-business sales
prediction, 2) terminal call rate prediction during warranty period, and case 3) classification of older
electronic texts in Universal Decimal Classification.

Keywords: data-driven decision support, organizational learning, user acceptance, machine learning,
explanations



Apostolos Burnetas
National and Kapodistrian University of Athens

Onsite Keynote Lecture, Bulding A, Amphitheatre
Tuesday July 13,12.30-14.00

Queues with Strategic Customers: Equilibrium, Social Welfare Optimization and Pricing

The strategic behavior of customers has long been recognized as an important dimension in the
modeling and analysis of production and service systems in Operations Research. Customers are
rational decision makers who react to pricing, product quality and availability etc, and decide
whether, when and how much of the product to buy so that they maximize their own utility.
Incorporating customer behavior effectively internalizes the demand function and potentially leads
to more realistic models for pricing, production planning and control.

When the system under consideration provides a service that involves waiting and queueing,
analyzing the strategic behavior of customers becomes substantially more involved, because
a customer’s decision to join a queue affects the system congestion and the delay of the other
customers as well, thus introducing externalities. Therefore, when customers are delay sensitive,
their behavior affects and is affected by similar decisions of the other customers. Under this game-
theoretic framework, the demand function emerges as an equilibrium strategy in appropriately
defined games played between service providers and customers.

In this talk we will present some basic models from the area of queueing with strategic customer
behavior. We will focus on the implications on pricing, both from a profit maximizing and a social
welfare optimization perspective.

Michael Carter
Centre for Healthcare Engineering University of Toronto, Canada

Online Keynote Lecture
Monday July 12,19.30-21.00

How Can We Make a Real Difference in Healthcare? The Challenges of Implementation

Most of us who work in OR applications in healthcare are frustrated by the fact that planners,
managers and decision makers do not seem to be suitably impressed with the mathematical beauty
of our models. The literature abounds with hundreds of application papers; but when we take a closer
look, few of them describe implementation. The problems in the healthcare industry are generally
very similar to corresponding problems in any other sector. Hospitals have staffing issues, budget
constraints, purchasing decisions, scheduling, planning, etc. The differences are subtle and often
related to the culture. Over the years, | have encountered many challenges and | have been able
to design approaches to deal with many of them. A few years ago, | was asked to pick the five top
challenges. | can easily rattle off thirty, but selecting five was itself a challenge. In this talk, | will outline
my perception of the major hurdles, provide a few examples and discuss strategies for overcoming
them.




Bissan Ghaddar
Ivey Business School, Canada

Online Keynote Lecture, Virtual Room 48
Monday July 12, 14.30-16.00

Y

Polynomial Optimization in Power and Water Network Operations

Several challenging optimization problems in power and water networks involve both operational
decisions and non-linear models of the underlying physics described by the network. However, these
networks exhibit a nice sparse structure. This talk provides an overview of approaches that combine
recent advances in conic relaxations of polynomial optimization problems along with exploiting
structure of the underlying problem. These approaches are demonstrated on applications arising in
power and water networks.

Juan Miguel Morales Gonzalez
University of Malaga, OASYS, Spain

Online Keynote Lecture, Virtual Room 62
Tuesday July 13,16.30-18.00

Data-driven power systems

Thrilling yet challenging times lie ahead for the electrical power industry. The development of
microgrids, the growing contribution of weather-driven renewable energy sources, the greater
involvement of power consumers, and the increasing exchange of electricity among neighboring
regions, all demand solid innovations in the way we plan and operate what is, most likely, the most
colossal infrastructure ever built by Homo sapiens: The power grid. Furthermore, the extensive
monitoring of this grid, together with the proliferation of technologies for intelligent control and
computations, is creating countless opportunities for the exploitation of the massive amount of data
that power systems generate in pursuit of a long-overdue modernization of ageing infrastructure
and ambitious sustainability goals.

In this talk, we will show examples of how ideas from the fields of machine learning, optimization and
decision-making can be put to work together to develop novel data-driven operational and planning
methods that facilitate the imperative transformation of current power grids into sustainable, reliable,
secure and cost-efficient cyber-physical systems. We will discuss a variety of data-driven methods
of different complexity, some of which are surprising for their apparent simplicity but remarkable
benefits in terms of computational costs and/or social welfare, proving the huge potential value in
the data still to be unleashed. Moreover, we will show that all agents involved in the power sector,
namely, producers, consumers, retailers, operators, planners, etc. can profit from the smart use of
data.




Judit Lienert
Swiss Federal Institute of Aquatic Science and Technology, Switzerland

Online Keynote Lecture, Virtual Room 62

s Tuesday July 13, 14.30-16.00

_

Addressing Environmental Decision Problems with MCDA, Problem Structuring, and Behavioral
OR

Environmental decisions share characteristics that make them difficult to tackle. Usually, many
stakeholders are involved, including public authorities, NGO's, local commmunities, or even future
generations. Environmental decisions may have serious long-term consequences. Decision
outcomes may be difficult to quantify and predictions highly uncertain. This talk draws on Swiss
cases from river management and urban water infrastructure planning, and creating a flood alert
system in West Africa. | will cover important steps of structured, participatory decision-making
using Multi-Criteria Decision Analysis (MCDA; MAVT/MAUT), with a focus on behavioral aspects to
integrate stakeholder preferences. Initial problem structuring is key, comprising stakeholder analysis,
generating alternatives and objectives, and wise decisions on which minimal set of objectives to
include. | will introduce experimental online surveys with serious games. Surveys potentially allow
including a broader audience in participatory decision-making; e.g., for generating objectives, or
eliciting stakeholder preferences. Uncertainty is another critical issue. Future uncertainty can be
captured by combining scenario planning with MCDA. Predictive uncertainty is often addressed
with probability theory, and stakeholder uncertainty about own preferences with sensitivity
analyses. Recently, we proposed integrating the uncertainty of predictions and preferences using
the neglected concept of expected expected utility (EEU). Moreover, timing can be decisive in
environmental decisions, e.g., when choosing (wastewater infrastructure) alternatives in transition
phases over time, or regarding stakeholder preferences over a series of decision workshops. Another
neglected subject in practical MCDA is model building; a growing number of cases illustrate that
the common additive aggregation (weighted mean) is often inadequate in capturing stakeholder
preferences. | will introduce the ValueDecisions app, a new R-Shiny interface that allows addressing
some of these specificities, including easy exploration of the MCDA-aggregation model. This talk
invites the OR community to discover the exciting research opportunities provided by environmental
decision problems, while contributing to tackling todays’ serious environmental challenges.

Ruth Misener
Imperial College London, United Kingdom

Online Keynote Lecture, Virtual Room 62
Wednesday July 14,12.30-14.00

Computational Mixed-Integer Nonlinear Optimization

Effective computational solution strategies for mixed-integer nonlinear optimization problems
(MINLP) typically take advantage of special mathematical structure. This presentation discusses
some recent advances in exploiting special mathematical structure for solving MINLP. We also
discuss solver software for MINLP.


https://scholar.google.com/citations?view_op=view_org&hl=de&org=10539456346808271609

Georg Pflug
Department of Statistics and OR
University of Vienna, Austria

Onsite Keynote Lecture, Bulding A, Amphitheatre
Wednesday July 14,14.30-16.00

Financial Optimization: From data to models to solutions

Decision making in Quantitative Finance requires to establish a mathematical model for the
considered financial processes. Very often, the model class is chosen ad hoc and without reference
to the data; only as a second step data are fitted to the chosen model class. To put it differently, the
modeler chooses the framework out of his/her imagination and the empirical check comes later.
This reminds to the saying: If you have a hammer, everything looks like a nail. In this talk, we take a
different viewpoint. On one hand, (1) we introduce parameter free methods of estimation of discrete
stochastic processes for financial optimization and on the other hand (2) we discuss the notion of
distributionally robust decision making, that is decision making, when there is some uncertainty
about the correct model.

The main structure to be investigated is a stochastic tree, i.e. a discrete stochastic process. Such trees
can be considered as approximations to real data processes. In topic (1) we show how to minimize
the distance between observation data and the model by some learning strategies. In topic (2) we
consider a set of several models, which are all compatible with the observed data and choose a
decision which is robust w.r.t. model error. In modeling, one typically cannot avoid to make some
assumptions. However, we argue that the aim should be to use as much as possible empirical
information in order to avoid a modeler bias. Our approaches will be illustrated by concrete examples.

Zilla Sinuany-Stern
Ben-Gurion University of the Negey, Israel

Online Keynote Lecture, Virtual Room 48
Monday July 12,10.30-12.00

Foundations of OR: From LP to DEA

Operations Research (OR) as a discipline was born during WWII in UK and USA, when scientists
from various disciplines gathered to solve complex military operations, such as: resource allocation,
location and logistics. Thereafter, OR was successfully applied to civil problems. OR is a combination
of several disciplines: Mathematics, Computer Science, Statistics, Economics, Business and Industrial
Engineering - and has many titles, such as: Management Science, Decision Science and Analytics.
Although, initially, OR was interdisciplinary, it developed in the direction of mathematical modeling
of complex systems, and problems, which often do not have a closed-form mathematical solution.
Linear Programming (LP), with its Simplex algorithm, developed by Dantzig in 1947, is the preeminent
methodology associated with OR. LP stems from the simplest economic production problem
(i.e, how much should be produced of each product to maximize profit or minimize cost under
resources constraints) - in which objective function and constraints are linear and the variables are
non-negative. The success of Simplex, and other OR algorithms is due to the rapid, development of
Computer Science, another innovative, post WWII science.

Ever since, LP has developed in multiple directions, such as: large scale optimization, approximations
for non-LP problems, Integer Programming (IP), mixed IP, transportation, timetabling, networks and
Data Envelopment Analysis (DEA). Some of these developments required new, improved, and faster
algorithms.



DEA (1978) deals with another economic problem - finding the efficient frontier of decision-making
units (DMUs) - based on given inputs and output data ex-ante. DEA employs sets of LP problems -
one for each DMU - to determine the efficiency of DMU.

The lecture covers the history of OR, LP and its derivatives - focusing on developments in DEA.

Leen Stougie
Centrum Wiskunde & Informatica (CWI), Amsterdam, The Netherlands

Online Keynote Lecture, Virtual Room 48
£, Monday July 12,12.30-14.00

4

Scheduling over scenarios

Scenarios are basic ingredients of optimization problems under uncertainty. Usually, they are
specified only implicitly, e.g.

as ranges over parameter values. Together with a distribution function over the scenarios, they lead
to stochastic optimization problems. A classical model here is the stochastic linear optimization
problem. A popular approximation method is the Sample Average Algorithm, which samples
scenarios and optimizes over them.

Moreover, the value of data is more and more recognized, which may also lead to reckon with
scenarios that occur in problems more or less frequently. Anyway, if in this model scenarios are
specified completely and individually, then the problem can be formulated as an LP problem, blown
up with the scenarios. As a result, the problem remains polynomially solvable.

We wish to investigate if this is a common phenomenon or if complexity of problems can change if
scenarios are introduced into a problem. We do so at the hand of studying, most prominently, basic
scheduling problems. In such problems we are given a set J of jobs, each with its processing time, a
set of parallel identical machines and a set of k scenarios, where each scenario is specified as a subset
of jobs in J that must be executed if that scenario occurs.

The goal is to find an assignment of jobs to the machines that is the same for all scenarios, i.e, if a
job does not occur in a scenario it is simply skipped. We consider the classical scheduling problems
of minimizing the makespan and minimizing the sum of the jobs' completion times. For each
scheduling objective we consider minimizing the maximum over all scenarios (robust version) and
minimizing the average over all scenarios (stochastic version).

We show that the presence of scenarios may indeed increase the complexity of the problems
significantly. As a dramatic example, we mention the ordinary, single scenario, version of the
makespan problem with all processing times equal to 1, which is a trivial problem. With scenarios the
robust version of the problem becomes inapproximable within ratio 2 unless P=NP. This is even more
surprising once one realizes that putting all jobs on one machine already yields a 2-approximation.
Similar results hold for the sum of completion times problem. As for the makespan problem, the
leap in complexity requires that the number of scenarios is part of the input. However, | will give an
example of a scheduling problem that is in P in its ordinary version and becomes NP-hard already
for 3 scenarios.

We will complement these negative results with some special cases of the problems that can be
solved efficiently, and an intriguing open question. The results in this lecture show the mysterious
role that scenarios play in the complexity of combinatorial optimization problems.

This is based on work in collaboration with Thomas Bosman (Booking.com), Martijn van Ee (Marine
Academy), Esteban Feuerstein (UBA), Alberto Marchetti-Spaccamela (LSUR), Frans Schalekamp
(Cornell), Rene Sitters (VU/CWI), Suzanne van der Ster (Ahold), Anke van Zuylen (Cornell)



Katia Sycara
Carnegie Mellon University, USA
Katia Sycara (Bulding A, Amphitheatre)

Onsite Keynote Lecture, Bulding A, Amphitheatre
Monday July 12,10.30-12.00

The Science of the Deal: Teaming and Negotiating in Artificial and Human Societies

Operations Research has focused on modeling processes and interactions in human society so as
to be able to characterize these processes, analyze and understand their nature and predict their
possible effects. Recently and increasingly artificial agents enter human societies as decision support
systems, as computational processes on the Web or as embodied presence in the form of robotic
service providers or assistants. This engenders the need to develop algorithms that allow those
artificial agents to autonomously interact in various ways, such as negotiating, forming coalitions, or
making decisions as a team. In this talk we present some of our work in modeling these interactions,
giving examples that include models of human decision making and also models of artificial agents
that can also be used in interactions of the agents with humans in human-autonomy teaming
scenarios. Applications include crisis response, search and rescue and environment exploration. We
present insights and also discuss potential vulnerabilities of consensus protocols.




3.4 SPECIAL SESSIONS

The following journals are preparing special issues about topics related
to the EURO 2021 conference

Central European Journal of Operations Research

EURO Journal on Computational Optimization
Title: Optimization Challenges in Data Science
Guest Editors: Coralia Cartis, Panayotis Mertikopoulos

EURO Journal on Decision Processes (EJDP)

EURO Journal on Transportation and Logistics (EJTL)
Title: Large-scale optimization
Guest Editors: Shadi Sharif Azadeh

European Journal of Operational Research
Title: Submissions will be «by invitation only»
Guest Editors: Nikolaos Matsatsinis, Rudolf Vetschera

Frontiers in Artificial Intelligence
Title: Al and sustainable finance
Guest Editors: Rita L. D'Ecclesia, Susanna Levantesi

International Journal of Decision Support Systems
Title: Intelligent Decision Support Systems
Operational Research in Marketing

Guest Editors: Pavlos Delias, Stelios Tsafarakis

International Journal of Multicriteria Decision Making
g Title: Multicriteria Decision Aid Applications and Systems
Guest Editors: Athanasios Spyridakos



https://www.springer.com/journal/10100/
https://www.frontiersin.org/journals/artificial-intelligence
https://www.inderscience.com/jhome.php?jcode=ijdss
https://www.inderscience.com/jhome.php?jcode=ijdss
https://www.inderscience.com/jhome.php?jcode=ijmcdm

International Transactions in Operations Research

Title: Decision Support: Combining technology and algorithms to solve
complex problems

Guest Editors: Milosz Kadzinski, Rudolf Vetschera, Pascale Zaraté

Journal of Dynamics and Games
Title: Advances in Dynamics and Games
Guest Editors: Andrea Seidl et al.

Journal of Global Optimization
Title: GO and MINLP algorithms
Guest Editors: Gabriele Eichfelder, Eligius MT Hendrix, Martin Schmidt

Numerical Algebra, Control and Optimization
Title: Emerging OR Research and Application on Control and Dynamics
Guest Editors: Stefan Wrzaczek, Willi Weber

Operations Research - An international journal (ORIJ)
Title: Operations Research in Climate Policy and Intelligent Energy Services
Guest Editors: Haris Doukas, John Psarras

Operations Research for Health Care

Title: Innovative approaches for emerging challenges in health services and
care

Guest Editors: Ines Marques, Joana Dias

Optimization
Title: Recent Advances in Vector and Set Optimization
Guest Editors: Vicente Novo, Lidia Huerg

SN Operations Research Forum
Title: Lessons learned from failed OR research
Guest Editors: Marco Lubbecke, Eligius MT Hendrix

Socio-Economic Planning Sciences
Title: Methods and techniques for assessment of health care performance
Guest Editors: Diogo Cunha Ferreira, Ana Camanho, José Rui Figueira



https://www.aimsciences.org/journal/2164-6066
https://www.aimsciences.org/journal/2155-3289
https://www.springer.com/journal/43069

3.5 WOMEN IN OR EVENT

WISDOM at EURO 2021

The WISDOM Forum is delighted to participate in EURO2021.

WISDOM is a EURO Forum that aims to provide a platform to support, empower and
encourage the participation of all genders in Operational Research within EURO. You
can find more details  here

Round table on “Networking - career progression strategies

The WISDOM forum invite conference participants to join for a 1.5-hour Roundtable
discussion. The objective is to discuss networking as a strategy to help career progression
and build personal influence, and to discuss how to manage work-life pressures. Panellists
will be invited to discuss their experiences and make suggestions. Panellists will also
discuss what they believe are appropriate metrics to measure impact in scientific and
technical activities. Prof Julia Bennell (EURO VP2) will moderate the roundtable.

The WISDOM Forum are delighted to welcome panellists:

Dr. Frances O'Brien (WISDOM Forum and UK OR Society WORAN),

Prof. Ruth Misener (EPSRC Early Career Research Fellow),

Dr. Alberto Santini (EUROYoung),

Prof. Paolo Toth (former EURO president, and EURO Gold Medal winner),
Dr. Giovanni Felici (European Research Council representative)

VvV VvV V VvV

Introducing YoungWomen4OR

WISDOM launched an exciting initiative in 2020 called YoungWomen4OR. This initiative
aims to introduce to our community emerging young women working in OR, either in
academia or in the industry. We will hold three sessions during EURO 2021 to introduce
these young women and their work. We will be joined by subject expert members of the
EURO community to participate in the discussion.

YoungWomen4OR - Supply Chain, Logistics and Decision Support
Featuring Catia da Silva, Melanie Reuter-Oppermann, Bruna Mota and Alina-Gabriela
Dragomir

YoungWomen4OR - Energy Optimisation
Featuring Martina Fischetti and Meltem Peker

YoungWomen4OR - Graphs, Networks and Transport
Featuring Lavinia Amorosi, Beatriz Oliveira, Mercedes Pelegrin Garcia and Jessica
Rodriguez-Pereira


https://euro2021athens.com/women-in-or-event/
https://www.euro-online.org/web/pages/1654/wisdom

3.6 MAKING AN IMPACT

Making an Impact - EURO 2021 (euro202lathens.com)

Participate in ‘Making an Impact’ and be inspired with ways of improving your
practice and achievements

‘Making an Impact’ is a conference stream dedicated to helping OR practitioners
improve their effectiveness, and help them do a better job of OR in practice.

The MAI stream offers the chance not just to take part in really useful sessions to help your
practice, but also to meet leading experts in the field and pick their brains to help with
your knottiest problems - experts who may just have the solution you are looking for.

At Making an Impact, you can:

> share your challenges and opportunities with an international peer group
> be inspired by others' experience

> build your network of like-minded people.

Making an Impact: At a Glance All sessions online

Session title: for further details, QEIESIEC
12t July, 10.30-21.00 Greek time

MB-44 How OR became my business: OR users speak out
MC-44 Machine learning and OR

MD-44 Julia: New Kid on the Block

MG-44 Speed networking

TB-44 X-Ray of the perfect practitioner

TC-44 OR in the Cloud

TD-44 Inspiring Stories

TE-44 Making it happen: ways of overcoming challenges of deployment
TF-44 OR v COVID in 5 minutes

WB-44 Fast and furious: lightning talks

WC-44 Technique tasters

If you are interested in practice, you will also be interested in the Euro Excellence
in Practice Award sessions, taking place in sessions MC and MD.


https://euro2021athens.com/making-an-impact/
https://euro2021athens.com/specific-sessions/
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4. EURO AWARDS AND PRIZES

EURO Gold Medal (EGM 2021)

The EURO Gold Medal (EGM) is the highest distinction within OR in Europe. This year
the award will be officially awarded posthumously to Professor Ailsa Land at the
Opening Session.

Members of the 2021 Jury:

> Marielle Christiansen (Norway) - chair
> Mathias Ehrgott (UK)

> Mirjam Duer (Germany)

> Ramoén Alvarez-Valdés (Spain)

> Dick den Hertog (The Netherlands)

EURO Distinguished Service Award (EDSA 2021)

The EURO Distinguished Service Award honours extraordinary efforts in recognition of
distinguished service to EURO and to the profession of OR. The award will be officially
presented at the opening session.

Members of the 2021 Jury:

> Pascale Zaraté (France) - chair
> Lidija Zadnik-Stirn (Slovenia)
> Michel Bierlaire (Switzerland)
> Robert Dyson (UK)

> Francois Clautiaux (France)



EURO Doctoral Dissertation Award (EDDA 2021)

The purpose of the EURO Doctoral Dissertation Award is to distinguish an outstanding
doctoral dissertation in Operational Research, defended in the countries having an

OR society that is a member of EURO. Four finalists will present their work at a special
session during the conference.

2021 Finalists:

> Alexandre Florio: Models and Solution Methods for Stochastic Vehicle Routing
Problems

> Mercedes Pelegrin: Set Packing, Location and Related Problems

> Felix Weidinger: E-Commerce Warehousing: Order Fulfillment in Modern Retailing

> PetraRenataRigé:NewTrendsinAlgebraicEquivalentTransformationoftheCentralPath
and its Applications

The award will be presented to the winner at the closing session.

Members of the 2021 Jury:

> Hande Yaman (Turkey) - chair
> Yves Crama (Belgium)

> Laura Palagi (Italy)

> Kathrin Klamroth (Germany)
> Stefan Minner (Germany)

EURO Excellence in Practice Award (EEPA 2021)
GUROBI

Sponsored by OPTIMIZATION

The EURO Excellence in Practice award is for the best submission and presentation
describing an application of Operational Research in practice. This year there are six
finalists will who will present their work during special sessions during the conference.

2021 Finalists:

> Navonil Mustafee and John Powell: NHSquicker: Shaping Demand for Urgent Care
through Real-Time Data and Digital Nudges

> Andreas Klinkert, Peter Fusek, Bruno Riesen, Roman Berner: Airport Staff Scheduling
at Swissport International: 14 Years of Collaboration in Business Optimization

> Leonard Heilig, Eduardo Lalla-Ruiz, Stefan Voss: Intelligent Truck Drayage
Dispatching and Appointment Booking: A real-world application in the Port of
Hamburg (Germany)

> Alessio Trivella, Mikele Gajda, Paolo Giannotti, Renata Mansini, David Pisinger:
Sustainable and Efficient Logistics: How Optimization Transformed Italmondo’s
Cargo Loading Operations

> Gilberto Montibeller and L. Alberto Franco: Improving Global Risk Management of
Emerging Health Threats with Facilitated Decision Analysis

> Sven Muller, Knut Haase, Mathias Kasper, Matthes Koch: A Pilgrim Scheduling
Approach to Increase Safety During the Hajj


https://www.gurobi.com/

The award will be presented to the winner(s) at the closing session.

Members of the 2021 Jury:

> John Poppelaars (The Netherlands) - chair
> Ruth Kaufman (UK)

> Geir Hasle (Norway)

> Tobias Achterberg (Germany) [GUROBI rep]
> Bahar Yetis Kara (Turkey)

EURO Award for the Best EJOR Paper (EABEP 2021)

Sponsored by

EURO has three annual awards available for papers published by EJOR: best survey
paper; best application paper; and best theory/methodology paper. Winners for each
category have been selected by a jury and these awards will be presented at the
closing session.

Members of the 2021 Jury:

> Markus Leitner (The Netherlands) - chair

> Veronica Piccialli (Italy)

> Judit Lienert (Switzerland)

> José Fernando Oliveira (Portugal) [EJOR rep]
> Jean-Charles Billaut (France)


https://www.journals.elsevier.com/european-journal-of-operational-research/
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5. STREAMS OVERVIEW

MONDAY BT WEDNSDAY
_MA MB MC MD ME MF MG TA TB TC TD TE TF WA WB WC WD WE WF

Actuarial modeling and risk
management
Al & Innovation in
Sustainable Finance
Al and Decision Making
Analytics in Service
Management
Automated Warehouse
System

Behavioral Decision Making II

Behavioral Modelling

Behavioral Operations
Management

Big Data and Optimization IIII
e op[imization II I IIIII
Business Analytics III
Continuous optimization
(contributed)

Corporate strategies

Combinatorial Optimization

Conic Optimization and
Related Topics
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MONDAY BT WEDNSDAY

_MA MB MC MD ME MF MG TA TB TC TOD TE TF WA WB WC WD WE WF

Cutting and Packing

Data Envelopment
Analysis and Performance
Measurement

Data Mining and Statistics

Data Science and Analytics
(contributed)

Decision Analysis and
Decision Analytics

Demand and Supply in
Consumer Goods and Retail

Derivative-free Optimization

Descriptive and prescriptive
behavioural OR studies

Disaster and Crisis
Management

DSs

Dynamical Models in
Sustainable Development

Dynamical Systems and
Mathematical Modeling
in OR

Dynamics and Games

Economics and game theory
(contributed)

Emerging Applications
in Portfolio Selection and
Management Science

Emerging Collaborative
Economics and
Management under
Uncertainty
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MONDAY o ey WEDNSDAY
S va MB MC MD ME MF MG TA TB TC TD TE TF WA WB WC WD WE WF

Emerging Research on
Education, Competences
and Labor Markets
Emerging technical and
financial aspects of energy
problems

Engineering Optimization IIIIII

Engineering Optimization I

Enterprise risk management

Environmental Sustainability
in Supply Chains

Epidemiological modeling
and decision support

Ethics in Analytics

EURO Doctoral Dissertation
Award

EURO Excellence in Practice
Award

EURO Working Group Data
Science meets Optimisation

Game Theory and
Operations Management

Game Theory, Solutions and
Structures

Global Optimization

Governance Analytics

Group Decision Making
Heuristic Optimization IIII
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MONDAY o oy WEDNSDAY

S va MB MC MD ME MF MG TA TB TC TD TE TF WA WB WC WD WE WF

Humanitarian Operations

Information Systems and
Software for OR

Intelligent Decision Methods

Lot Sizing, Lot Scheduling
and Production Planning

Mathematical Models in
Macro- and Microeconomics

Mathematical Optimization
and Data Science

Memorial Session - in honour
of Jaap Spronk

Mixed Integer Linear
Programming

Mixed-Integer Nonlinear
Optimization

Modelling and Simulation
of Social-Behavioural
Phenomena in Creative
Societies

Multiobjective Combinatorial
Optimization

Multiobjective Optimization

Multiple Criteria Decision
Analysis

Network Optimization

New challenges for financial
modelling

Non linear optimization in
finance

Nonlinear Optimization

Operational research in
financial and management
accounting
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MONDAY o ey WEDNSDAY
S va MB MC MD ME MF MG TA TB TC TD TE TF WA WB WC WD WE WF

Operations/Marketing
Interface

Optimal Control Theory and
Applications

OR and the Arts, Creativity

OR Education Initiatives

OR for Development,
Developing Countries and
Sustainable Development

OR for intelligent Energy
Services

OR in Aviation

ORin Climate Policy and
Planning

OR in Computational
Biology, Bioinformatics and
Medicine

ORin Marketing

ORin Military, Defense, and II
International Security
ORin Quality Management
ORin Sports
OR Journals

OR Meets Computation

ORAHS: OR in Health and
Healthcare

Organizational and
Information Management
Performance Evaluation of
Queues
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MONDAY o ey WEDNSDAY
IS va MB MC MD ME MF MG TA TB TC TD TE TF WA WB WC WD WE WF

Practice of OR (Making an
Impact)

Production and logistics
and revenue management
(contributed)

Production, Service and
Supply Chain Management

Queues with Strategic
Customers

Revenue Management and
Pricing

Risk management in
Finance

Routing, Logistics, Location
and Freight Transportation

Scheduling and Project
Management

Soft OR and Problem
Structuring Methods

Software for Optimization

Specific Applications of OR
(contributed)

Specific Applications of OR
in Agriculture, Forestry and
Fisheries

Specific Applications of
Stochastic Modeling and
Simulation in Engineering,
Management and Science

Stochastic and Robust
Optimization

Stochastic Dynamic
Programming

Stochastic Modeling in
Health Care

Stochastic Models in
Manufacturing and Services

Sustainable Supply Chains
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MONDAY o ey WEDNSDAY
IS va MB Mc MD ME MF MG TA TB TC TD TE TF WA WB WC WD WE WF

System Dynamics Modeling
and Simulation
The 2nd International
Workshop on Artificial
Intelligence for RAILwayS
(AI4RAILS)
Timetabling and public
transport

Vector and Set Optimization IIIIII

WISDOM Round Tables

YoungWomen4OR
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8.1 REGISTRATION

The Registration Desk, will be operating during Conference dates at the venue
according to the following schedule:

11/7 14.00 - 20.00

12/7 08.00 - 20.00

13/7 08.00 — 20.00

14/7 08.00 -19.00

The Hospitality Desk will be offering services to delegates related with hotel book-
ings, travel arrangements, information about the city and nearby restaurants, and
anything that will make their stay in Athens as pleasant as possible.

Tickets for the Networking Dinner can be purchased at the Registration Desk.

TYPES OF PARTICIPATION

The scientific program will consist of two kinds of sessions. Delegates who reg-
istered for virtual attendance will participate in online sessions, while those who
registered for regular attendance will participate in physical sessions.

Virtual attendees will have the opportunity to watch both virtual and physical
sessions via our virtual platform.

Regular attendees can watch physical sessions on site, and virtual sessions via
their laptop computers via our virtual platform.

COVID-19 PROTOCOL

Those traveling from abroad should be aware of the relevant Protocol for Arrivals
in Greece.

In addition, all delegates participating physically must present one of the follow-
ing documents to the Organizers:

- A Covid-19 Vaccine Certificate, or

- A document that proves the negative result of an antigen, molecular/PCR or rap-
id test conducted within the last 48 hours.

Verification will be made by the Organizers through a dedicated control area be-
fore entering the Conference Venue.


https://travel.gov.gr/#/
https://travel.gov.gr/#/

8.2 GUIDELINES

Guidelines for speakers

Speakers can find the location of their session in the complete official programme,
available on the website. Sessions normally last for 90 minutes and include 4 talks.
Therefore, in order to allow time for questions, all speakers are kindly requested
to prepare their presentations to last 20 minutes, even if their session includes
less than 4 speakers. As a speaker, you should arrive at the room where your ses-
sion is to take place at least 10 minutes before it is scheduled. Once there, contact
the chair so you have time to set up your presentation on the room-computer, to
which presentations should be copied from your own USB stick.

Guidelines for session chairs

Session chairs must ensure that their sessions start and end on time and that pre-
sentations are made in the order shown in the official programme. If a speaker
does not show up, please keep to the original schedule, in order to facilitate ses-
sion jumping. If the session chair is absent, the last speaker in the session will re-
place him/her. Check that all presentations are correctly set up on the computer
before the beginning of the session. Let speakers know when they are nearing the
end of their presentation time (5 minutes and 1 minute). Physical Presentations.

VIRTUAL PRESENTATION GUIDELINES

Guidelines for Speakers & Session Chairs

Presentations will generally be given live during the conference via our Confer-
ence Virtual Platform.

At least 15 minutes before your Session begins, you shall log in as a presenter/pan-
elist via Zoom by clicking on the respective Zoom link you shall have received for
this particular Room. Each Room corresponds to the same Zoom link through-
out the entire Conference.

Speakers can find the time of their session in the complete official programme,
available on the website. Sessions normally last for 90 minutes and include 4 talks.
Therefore, in order to allow time for questions, all speakers are kindly requested to
prepare their presentations to last 20 minutes, even if their session includes less
than 4 speakers.

Session chairs must ensure that their sessions start and end on time and that
presentations are made in the order shown in the official programme.


https://www.euro-online.org/conf/euro31/program
https://www.euro-online.org/conf/euro31/program

8.3 CONFERENCE APP

Android devices

Search for The Event App by EventsAIR on PlayStore.

When you are prompted for a code upon launching the App, insert AL
eurozoz'l Scanme 0

with Android

iOS devices
Search for The Event App by EventsAIR on AppStore
When you are prompted for a code upon launching the App, insert

euro2021 Scanme O
with i0S

WI-FI
WiFi name: Uniwa Hotspot | Username: uniwa | Password: uniwa000!

8.4 LUNCHES, COFFEE BREAKS

LUNCHES

Lunch boxes will be available in the foyer on of the Building A from 12:00 until 14:30
on Monday, Tuesday and Wednesday.

Lunches
Lunch boxes will be served Monday, Tuesday, Wednesday 12.00-14.30

COFFEE BREAKS

Coffee breaks will be served in the foyer of the Building A and in the ground floor
terrace of Building A.

During to COVID-19 protocols restrictions, we kindly remind you that food and
drinks are not permitted in the classrooms.

Coffee breaks will be served the following dates and hours:

Monday 10.00-10.30

Tuesday 10.00-10.30 & 16.00-16.30

Wednesday 10.00-10.30 & 16.00-16.30

Coffee breaks and lunch boxes will be served outside of Building A and at the
veranda of Building A.



8.5 URBAN TRANSPORT IN ATHENS
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BY METRO & BUS

Take the Blue line M3 (Airport - Ag. Marina) from Syntagma Metro Station to get to
Egaleo Station after around 8 minutes. You can catch the bus No 829 from there,
which will get you inside the UNIWA Campus in about 20 minutes.

Another option is to take the bus No 703 or 852 for 15-20 minutes till you reach
Theoharaki Bus Stop. The University of West Attica is a 5-minute walk from there.

BY METRO & TAXI |
o O

Y=

You will need 8 minutes approximately to get from Syntagma Metro Station (Blue
line M3 — Airport - Ag. Marina) to Egaleo Station. You can take a taxi from the Ega-
leo Square, which is over the metro station, to get to the University of West Attica,
which is just 6 minutes away (2,5 km approximately).

BY METRO & TAXI

Taxis are always available either from Syntagma or Omonia square. It takes about
17-22 minutes to get to the Conference venue and the rate will be approximately
10-15 euros.

8.6 EMERGENCY PHONES

Police: 100

Fire department: 199

Medical emergency (ambulance): 166

European emergency contact number (all above): 112
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WELCOME & CLOSING COCKTAIL

WELCOME COCKTAIL AT THE UNIVERSITY OF WEST ATTICA
Date: Sunday, 11 July

Venue: University of West of Attica

Time: 19.00

CLOSING COCKTAIL AT THE UNIVERSITY OF WEST ATTICA
Date: Wednesday, 14 July

Venue: University of West Attica

Time: 19.00
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CONFERENCE DINNER

Date: Tuesday, 13 July

Venue: Ble Pavillion - 70 Poseidonos Avenue, Alimos

Transfer: from the congress venue (University of West Attika) to Ble
Pavillon

Pick up time: 20.00

Ble Pavillion is a venue of high aesthetic that adds a special touch of elegance
to the event. With the warm earthy colours, the unlimited sea view and
the modern design, it combines functionality with the flawless beauty of
the exterior and interior space. Smartly configured it meets the needs of a
summer event, without depriving guests of the sun and sea, since it is located
on the coast of Alimos.
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TECHNICAL PROGRAM

Sunday, 17:30-19:00
m SF-01

Sunday, 17:30-19:00 - Bulding A, Amphitheatre
Opening Session

Stream: Opening and Closing
Plenary session

Chair: Nikolaos Matsatsinis
Chair: Rudolf Vetschera

1 - Opening Session
Rudolf Vetschera, Nikolaos Matsatsinis

Opening Session




EURO 2021 - Athens

MA-02

Monday, 8:30-10:00

m MA-01

Monday, 8:30-10:00 - Bulding A, Amphitheatre

Mathematical Models in Macro- and
Microeconomics 1

Stream: Mathematical Models in Macro- and Microeco-
nomics
Invited session

Chair: Alexander Vasin
Chair: Michal Cerny

1-

The calibration of ORDCs for a scarcity pricing mecha-
nism in Belgium
Jacques Cartuvyels

The rise of renewable has lowered the profitability of the flexible ther-
mic generators by pushing them out of the merit order. This non-
friendly environment for investment put in the spotlight the crucial
need for an adequate and fair price signal to remunerate flexibility.
Scarcity pricing was introduced to cope with that lack of investment
incentives by better rewarding the flexible assets. The mechanism is
based on an Operating Reserve Demand Curve (ORDC) and takes the
form of an adder that uplifts the price of energy when reserve is scarce
in the system. By simulating an "idealized" real-time operation, we
compare the incentives brought by different shapes of ORDC and the
impact of those incentives on the total operating cost of the market.
This total operating cost includes the production cost as well as the
cost of shedding load. A balance needs to be found between wider
ORDC that incur higher fixed cost due to their conservative procure-
ment of reserve and narrower ORDC that are more exposed to shortage
cost because of their lower procurement or balancing capacity. Results
have shown that the cost differential was minimal between the differ-
ent variants with a mean cost difference of around 0.5%. The reference
scenario has displayed average adders between 3.7 euro/MWh and 4.8
euro/MWh with significant differences in the quality of the signals.
Conservative ORDCs have produced higher mean adders that are less
dependent on extreme periods with very high adders.

On a Competitive Selection Problem with Recall
Dana Pizarro, Jérome Renault, Fabien Gensbittel

We consider the problem in which N items arrive to a market sequen-
tially over time, where a set of agents compete to choose the best pos-
sible item. When an agent selects an item, he leaves the market and
obtains a payoff given by the value of the item, which is represented
by a random variable following a known distribution. Agents observe
the value of each item upon its arrival. When it is only allowed to take
the item at the time it appears-and no latter-, this problem is an exam-
ple of the classical Optimal Stopping Theory. However, this situation
seems to be unrealistic for several applications where in fact it is possi-
ble to choose one option that appeared previously, if it is still available.
This motivated us to study the latter problem, which we call competi-
tive selection problem with recall. We described the game induced by
it as a sequential game with imperfect information and we character-
ize the set of subgame perfect Nash equilibrium of the game. We also
address the question of how much better is to have the power of get
any available item compared to the take-it-or-leave-it fashion and we
compared the sum of the expected payoff of the agents with the social
optimum, obtaining bounds for what is known in the literature as Price
of Anarchy and Price of Stability of the game.

Combinatorial Auctions and Discrete Optimization:
Desk bidding during a pandemic
Max Buckley

Owing to the global pandemic, many companies moved to a pure
telecommuting business model. Between the various national lock-
downs many of these same companies instituted a gradual rollback

scheme, allowing their employees to return to the office in a limited
fashion. This return was typically optional and not all employees par-
ticipated. In this paper we explore various methods for approaching
the problem of ‘allocating office space to those who wish to make use
of it in the fairest fashion possible while still respecting all the restric-
tions in place to protect the health and safety of all those involved‘. In
this paper we contrast two major approaches to the problem: a larger
discrete optimization based approach versus a more dynamic combi-
natorial auction based approach. We also discuss some of the implica-
tions of these proposed solutions and the value of the data that emerges
from them in facilitating future floor planning.

m MA-02

Monday, 8:30-10:00 - Bulding A, Room A5

Power system economics

Stream: Economics and game theory (contributed)
Contributed session
Chair: Anthony Papavasiliou

1-

Firming Renewable Power with Demand Response: An
End-to-end Aggregator Business Model
Shmuel Oren, Clay Campaigne

We consider an institutional framework in which Variable Energy Re-
sources (VER) face market imbalance prices, incentivizing them to
produce higher-value energy subject to less adverse uncertainty. In this
setting, we consider an "aggregator" that owns the production rights to
a VER’s output and forms a "virtual power plant" (VPP) consisting of
the VER and a portfolio of service curtailment contracts with a popula-
tion of demand response (DR) participants whose "fuse" capacity can
be reduced according to a pre-specified probability distribution. The
aggregator bids day ahead VPP offers into the wholesale market, and
is able to offset imbalances between the cleared day-ahead bid and the
realized VER production by curtailing DR participants’ consumption
according to the signed contracts. We consider the optimization of the
aggregator’s end-to-end problem: designing the menu of DR service
contracts using contract theory, bidding into the wholesale market, and
dispatching DR consistently with the contractual agreements. We do
this in a setting in which wholesale market prices, VER output, and
participant demand are all stochastic, and possibly correlated.

Integration of European balancing markets for electric-
ity - dealing with local transmission constraints in a
zonal market design

Mette Bjgrndal

In Europe, electricity day-ahead and intraday markets are already well
integrated, with a single price coupling algorithm to calculate electric-
ity prices across Europe. At the present, the integration of balancing
markets is advancing rapidly, with new trading platforms for activation
of balancing energy being launched in the coming years. These trading
platforms follow the design of the day-ahead and intraday markets, in
that the physical networks are poorly represented, such that the cleared
bids can lead to severe internal congestions within the zones, only a
short time before delivery. We discuss how the Norwegian system op-
erator can bid to the MARI platform for tertiary reserve activation, such
that the physical network constraints of the control area are respected.

An analysis of flow-based market coupling from a long-
term perspective
Anthony Papavasiliou, Quentin Lété, Yves Smeers

The energy transition requires considerable investment in various tech-
nologies located throughout Europe. Except for remaining subsidies to
particular technologies that are progressively dismantled, this invest-
ment process is meant to be driven by market forces. This means that
investors will invest when and where their capacities are profitable.
In this work, we analyze the impact of the zonal capacity allocation
methodology used in Europe on investment. In particular, we show
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that the classical result of equivalence between centralized and decen-
tralized capacity expansion, that is easily extended to transmission-
constrained nodal markets and certain types of zonal markets, does not
hold with the current methodology. We present a model of the decen-
tralized capacity expansion problem in a zonal market with flow-based
market coupling as a generalized Nash equilibrium and compare its re-
sults with other capacity allocation policies on a realistic instance of
the Central Western Europe network.

m MA-03

Monday, 8:30-10:00 - Bulding A, Room 3A

Sustainable Supply Chains (on-site)

Stream: Sustainable Supply Chains
Invited session
Chair: Efthymios Katsoras

1-

Designing sustainable supply chains
Petr Fiala, Renata Majovska

Sustainability in supply chain management has become a highly rele-
vant topic for researchers and practitioners. The goal of supply chain
sustainability is to create, protect and increase long-term environmen-
tal, social and economic value for all stakeholders involved in the mar-
keting of products and services. Sustainable supply chains are mod-
eled as multi-agent network systems that are evaluated according to
multiple criteria. Multi-criteria decision making and game theory are
a natural choice for effective design in such a situation with multi-
ple agents with multiple criteria, where the outcome depends on the
choice of each agent. Multi-criteria analysis is useful for assessing the
sustainability of supply chains. Game theory has become a useful tool
in designing supply chains with multiple agents, often with conflict-
ing goals. The paper proposes several specific multiple criteria and
game theory tools. De Novo multiple criteria approach was adapted
for supply chain analysis. The approach is based on reformulating the
problem with given resource prices and given budget. Biform games
combine the non-cooperative and cooperative approaches of traditional
game theory and are promising for analyzing the behavior of agents in
supply chains.

A dynamic analysis for closed-loop supply chains under
the effect of Covid-19 pandemic
Efthymios Katsoras, Patroklos Georgiadis

Supply chains (SCs) is one of the most affected sectors by the COVID-
19 pandemic, mainly in terms of significant consequences on prof-
itability. For a SC, COVID-19 can be classified as a disaster event-
that is a risk source of unknown - unknowns where it is rather diffi-
cult to quantify the likelihood of occurrence and, to establish effec-
tive mitigation strategies for a sustainable management of resources.
The latter faces an increased level of complexity in the case of closed-
loop supply chains (CLSCs). However,possible scenarios can be ex-
amined by means of models, which describe the interactions between
different actors and functions in forward and reverse channels. In
case of unknown-unknown effects, these interactions are rather non-
linear.Moreover, the efficiency of the models is directly dependent on
their ability to be based on a feedback structure of employing a dy-
namic analysis with adaptive control mechanisms and time delays. By
considering that CLSCs are vulnerable systems under threats, we pro-
vide a system dynamics-based analysis of the COVID-19 effects on
CLSCs operations. We study the response of the system through the
dynamics at manufacturer level, by providing control mechanisms for
resilient CLSCs under disaster effects. Under different scenario set-
tings for the manufacturer and alternative risk mitigation policies, we
provide a long-term dynamic analysis which reveals policy suggestions
based on a balanced trade-off between profit and resource utilization.

m MA-04

Monday, 8:30-10:00 - Bulding A, Room 3B

Emerging Applications in Management
Science |

Stream: Emerging Applications in Portfolio Selection and
Management Science

Invited session

Chair: Felipe Feijoo

1-

Using deep learning to predict public transport rider-
ship during disruptions
Menno Yap, Oded Cats

Public transport (PT) networks can be subject to maintenance works,
resulting in disruptions of PT supply for passengers which can last
multiple days, weeks or even months. To better understand the impact
of such closures on passengers (mode choice) and PT provider (rev-
enue impact), it is important to be able to predict how PT ridership is
affected during a closure and how PT demand recovers once the service
is restored.

When predicting PT ridership, the vast majority of PT agencies relies
on simple, aggregate models using travel time or cost elasticities. In
this study, we develop a disaggregate prediction model with which we
predict for individual passengers whether they continue using PT dur-
ing and after the closure, resulting in more accurate predictions.

For this purpose, we develop and test several machine learning models,
ranging from relatively simple classifiers (Naive Bayes, Random For-
est) to more advanced deep learning approaches such as Convolutional
Neural Networks. We use 12 weeks of individual passenger smart card
data from Amsterdam, consisting of empirical data before, during and
after a large closure in the Amsterdam PT network. Based on network
properties (travel time, transfers), socio-demographic characteristics of
the area (such as average income, car ownership) and passenger type
(frequent vs. infrequent traveller, card type, time of day) we train and
validate our model. Based on this, we train and validate our model to
predict PT ridership.

Multi-Compartment Truck and Trailer Routing Problem:
model and solution methods
Laura Davila Pena, David R Penas, Balbina Casas-Méndez

Vehicle routing problems admit different variants depending on the
clients’ needs. One of them is the truck and trailer routing problem,
TTRP, where a fleet of trucks and trailers serves a set of customers such
that when the trailer is not able to reach a customer, they are attended
only by the truck. This work proposes a novel mixed-integer linear
programming approach to combine the TTRP with product compart-
mentalization, which we call the multi-compartment truck and trailer
routing problem (MC-TTRP). The combination of these two features
is motivated by the needs of a Spanish agricultural cooperative that
produces feed for cattle. Given that MC-TTRPs have an NP-hard com-
plexity, optimal solving via exact methods for large size instances is
computationally expensive. Thus, the use of approximated techniques,
such as heuristics, becomes necessary in order to obtain quality so-
lutions in a reasonable time. Therefore, we present a new heuristic
algorithm for the MC-TTRP. Our proposal consists of a two-stage ap-
proach: the first phase iteratively builds an initial solution, based on
the savings method of Clarke and Wright, and then the second phase
aims to refine the solution. We carried out a computational study on
new 21 test problems adapted from those in preexisting literature. The
results obtained prove the effectiveness of our algorithm, which always
finds a feasible solution. Furthermore, this heuristic is applied to the
aforementioned real example of the cooperative.

An MIP Model with Endogenous Capacity Investment
for Energy Transition Pathways - Interrelation Between
Power-to-X, demand Response and Market Coupling
Felipe Feijoo
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Climate change and global warming are among the main issues that
society faces nowadays. It is known that CO2 and GHG emissions
play a major role in this context. To limit the increase in temperature,
several countries developed targets to reduce their emissions levels,
particularly from the energy and transport sectors. To achieve these
targets, energy systems are being transformed with increased shares of
renewable energy. Large deployments of renewable sources provide
new challenges. Particularly, their high variability creates large uncer-
tainties to the energy system regulators to guarantee security of supply
at affordable prices. Therefore, new approaches must be considered to
reduce the uncertainty associated with renewable energy. Power-to-X
and demand response technologies, which provide high degree of flex-
ibility to energy systems, could be a viable solution. We propose a
MIP to model systems with consideration of Power-to-X and demand
response technologies. The model represents the unit-commitment of a
system minimizing the total operational cost. Additionally, we extend
the proposed model to account for endogenous capacity investment de-
cisions in power, heat, and storage technologies. The model is applied
to the Croatian Energy system. We show that Power-to-X indeed pro-
vides the required flexibility to the new capacity additions of variable
renewable sources, reaching systems with lower levels of excess of en-
ergy production.

m MA-06

Monday, 8:30-10:00 - Building A, Room A103
MILP algorithms for routing problems |

Stream: Mixed Integer Linear Programming
Invited session
Chair: Roel Leus

1 - Exact algorithms for budgeted prize-collecting covering
subgraph problems
Nicola Morandi, Roel Leus, Hande Yaman

We introduce a class of budgeted prize-collecting covering subgraph
problems. For an input graph with prizes on the vertices and costs on
the edges, the aim of these problems is to find a connected subgraph
such that the cost of its edges does not exceed a given budget and its
collected prize is maximum. A vertex prize is collected when the ver-
tex is visited, but the price can also be partially collected if the vertex is
covered, where an unvisited vertex is covered by a visited one if the lat-
ter belongs to the former’s neighbourhood. A capacity limit is imposed
on the number of vertices that can be covered by the same visited ver-
tex. Potential application areas include network design and intermodal
transportation. We develop a branch-and-cut framework and a Benders
decomposition for the exact solution of the problems in this class. We
validate our algorithmic frameworks for the cases where the subgraph
is a tour and a tree, and for these two cases we also identify novel
symmetry-breaking inequalities.

2 - A branch-and-price algorithm for the multi-depot multi-
trip vehicle routing problems with time windows
Kubra Sahin, Hande Yaman

The aim of this study is to propose an exact algorithm for the Multi-
depot multi-trip vehicle routing problems with time windows. Multi-
trip vehicle routing problems (MTVRPs), in which vehicles are al-
lowed to perform several trips in a workday, have received more atten-
tion in the last years due to the new challenges in city logistics and the
increase in awareness about environmental issues that pushes compa-
nies to change their delivery policies towards a more sustainable way.
Although several variants of the MTVRP have been investigated in the
literature, to the best of our knowledge, multi-depot variant has not
been studied yet. We formulate this problem with workday, i.e., a se-
quence of consecutive trips, variables and develop a branch-and-price
algorithm that exhibits an enhanced performance by a new heuristic
algorithm based on the reduction in the graph size.

3 - A novel sub-problem of the Vehicle Routing Problem
with Time Windows
Philipp Armbrust, Kerstin Maier, Christian Truden

The Vehicle Routing Problem with Time Windows (VRPTW) asks for
the optimal set of routes to be performed by a fleet of vehicles to serve
a set of customers within their assigned time windows. In this work,
we propose to solve the sub-problem constituted by optimizing only
a selected time window of the VRPTW while all other time windows
are "frozen". We call this problem the Single Time Window Vehicle
Routing Problem (STWVRP). It is necessary to assume that several
customers are assigned to the same time window, i.e., the number of
customers is much larger than the number of time windows. This rather
mild assumption easily holds for most applications of the VRPTW that
are concerned with transportation and home delivery services. With
the help of a Mixed-Integer Linear Program, we give an exact problem
description of the STWVRP. Further, we apply this exact formulation
within a matheuristic for the VRPTW. Finally, we provide an extensive
computational study.
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1 - Using visualisation for activating the adequate thinking
mode when making stock-flow related decisions
Michael Leyer, Aysegiil Engin, Jiirgen Strohhecker

Systematic decision errors for individuals usually arise on one hand
due the necessity to exhaust the cognitive resources to project a de-
picted decision task to a mental model and on the other hand using
the adequate thinking mode to provide a solution for the task. We
argue that with a constant task complexity, a matching task representa-
tion to the decision maker’s cognitive style and to the task characteris-
tics can reduce cognitive requirements. This matching is dependent on
the requirements of the task and the tendency of individuals to use ei-
ther their slow, analytic or their fast, intuitive system when faced with
a decision as described by dual-processing theories, e.g. cognitive-
experiential theory. Results from experiments with static tasks rooted
in cognitive fit theory show that a promising idea is to use structural
visualization to help individuals in achieving the match between task
requirements and adequate thinking mode. When confronted with a
simple dynamic task (three stocks and three flows), two types of struc-
tural visualization containing the logic of stock-flow are compared to
an alphabetical order of variables as control group. We conduct an ex-
periment with participants to demonstrate how structural visualisation
can activate an analytical thinking mode which is necessary to solve a
simple dynamic task. The results are contributing to our understand-
ing how decision making can be improved by activating the adequate
thinking mode using visualisation.

2 - Choice blindness detection as an indicator of stable risk
preference for public policy?
Lisa Scholten

The ability to identify the degree to which stated risk preferences as
inferred from choice trials are stable or artefacts of behavioural influ-
ences remains a challenge in preference elicitation for public policy. A
randomized controlled online experiment is presented in which I stud-
ied whether common behavioural predictors of risk preference insta-
bility and choice blindness coincide for 5 wastewater policy outcome
domains. In psychology, ’choice blindness’ refers to someone’s fail-
ure to detect a sleight of hand between their selected and unselected
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choice option, where choice manipulation detection indicates prefer-
ences that are strongly held and likely more stable. Whereas partici-
pants’ risk preferences were moderately stable across elicitation trials,
the stimuli used (icon array vs. numeric) split the population into risk-
seeking vs risk-averse. Moreover, ca. 3/4 of the 330 participants were
choice blind and those who weren’t detected only 1/10th of all ma-
nipulations. Of several task-, domain-, and individual-level variables
tested, the only significant common predictors were risk numeracy and
gamble distinctness. These results defy the idea that risk preferences
as inferred from choices on elicitation gambles measure stable pref-
erences. The identified predictors indicate directions for closer study
of the links between cognitive processing, preference, and choice that
are important for OR researchers who aim to elicit risk preferences to
inform public policy.

Anchoring in interactive Goal Programming: A behav-
ioral experiment

Maura Hunt, Manuel Lépez-Ibéfiez, Paul Warren, George
Farmer

In Multicriteria Decision-Making (MCDM), some methods, such as
interactive goal programming (iGP), alternate between eliciting pref-
erences from a decision-maker (DM) and using those preferences to
find a solution. Humans are a crucial component of this interactive
system, yet the impact of cognitive factors on outcomes is often over-
looked. Decision-making research has revealed many cognitive biases
that affect behavior in estimation and choice tasks. One such bias is
anchoring, where estimates of a quantity are robustly biased towards
a given value. For example, when determining Everest’s height, DMs
remain significantly close to the experimenter’s initial value, even if
that value is meaningless. Understandably, such biases could impact
more complex tasks like those in MCDM; however, few experiments
have considered anchoring in this context.

We present a behavioral experiment (N = 40 DMs) investigating an-
choring in iGP for two simple decision problems, each involving two
conflicting criteria. In addition, we measured the classical anchoring
effect from the psychological estimation tasks. Our analysis suggests
that where a DM begins their interaction significantly influences where
they end, which persists when accounting for preferences. However,
we found no evidence that classical anchoring was related to the effect
observed in iGP. These findings support the idea that the initial points
influence DMs, making them critical for a successful iGP application.

Decision-maker characteristics and the ratio bias: What
drives preferences for ratios of high vs. low numbers?
Aysegiil Engin, Rudolf Vetschera, David Bourdin

The Ratio Bias - frequently studied in literature- refers to the fact that
decision makers tend to overestimate probabilities that are specified as
ratios of large numbers in comparison to the same probabilities rep-
resented by a ratio of smaller numbers (e.g., 9:100 vs. 1:10). In this
paper, we study such deviations in a more general setting that includes
the standard ratio bias as well as systematic deviations in favor of ratios
of low numbers, irrational indifference between two ratios, and the in-
ability to choose. We explore the influence of problem characteristics
such as probability levels involved and decision-maker characteristics
such as their reliance on the rational/experiential system and their risk
literacy on the occurrence of systematic deviations in either direction.
Our findings indicate a strong impact of risk literacy on the suscep-
tibility to all such phenomena, but also show that different additional
factors are responsible for deviations in different directions. The pre-
dominant direction of deviations is also strongly influenced by the ac-
tual probability involved, with low probabilities leading to a ratio bias
and high probabilities to a bias in the opposite direction. To further
clarify the role of experiential vs. rational systems in the occurrence of
these biases, we consider response times, where we find that answers
that interpret probabilities correctly are produced faster than deviating
answers.
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A computational study of solution approaches for com-
puting the Restricted Isometry Property using a mixed-
integer SDP

Frederic Matter, Marc Pfetsch

The Restricted Isometry Property (RIP) is an important tool in com-
pressed sensing, since it states a sufficient condition for when it is pos-
sible to recover a sparse solution using a tractable linear program in-
stead of a nonconvex program. Moreover, the RIP is closely connected
to sparse PCA, which is also of considerable interest in data analysis.
Testing whether the RIP is satisfied can be formulated as a mixed-
integer semidefinite program (MISDP), which can be solved using a
branch-and-bound algorithm, where in each node an SDP is solved. It
is also possible to use an outer-approximation of the SDP cone using
eigenvector cuts and solve the resulting LP relaxation in each node of
the branch-and-bound algorithm. After introducing the MISDP for-
mulation for computing the RIP, we evaluate its performance compu-
tationally using the MISDP solver SCIP-SDP, which implements both
variants of branch-and-bound. Additionally, we present several ideas
to improve the MISDP formulation and the solution process such as
using valid inequalities originating from sparse PCA or the sparsifica-
tion of the eigenvector cuts and discuss their impact. This is joint work
with Marc Pfetsch.

Identification of Best Discrimination Surface by Mixed-
Integer Semi-Definite Programming for Support Vector
Machine

Katsuhiro Tanaka, Rei Yamamoto

This paper proposes two improvements to the support vector machine
(SVM): (i) extension to a semi-positive definite quadratic surface,
which improves the discrimination accuracy; (ii) addition of a variable
selection constraint. However, this model is formulated as a mixed-
integer semi-definite programming (MISDP) problem, and it cannot
be solved easily. Therefore, we propose a heuristic algorithm for solv-
ing the MISDP problem efficiently and show its effectiveness by using
corporate bankruptcy data.

Exploiting Partial Correlations in Distributionally Ro-
bust Optimization

Divya Padmanabhan, Karthik Natarajan, Karthyek Murthy

In this paper, we identify partial correlation information structures that
allow for simpler reformulations in evaluating the maximum expected
value of mixed integer linear programs with random objective coeffi-
cients. To this end, assuming only the knowledge of the mean and the
covariance matrix entries restricted to block-diagonal patterns, we de-
velop a reduced semidefinite programming formulation, the complex-
ity of solving which is related to characterizing a suitable projection of
the convex hull of the set $(boldx, boldxboldx’): boldx in mathcalX$
where $mathcalX$ is the feasible region. In some cases, this lends
itself to efficient representations that result in polynomial-time solv-
able instances, most notably for the distributionally robust appointment
scheduling problem with random job durations as well as for comput-
ing tight bounds in the newsvendor problem, Project Evaluation and
Review Technique (PERT) networks and linear assignment problems.
To the best of our knowledge, this is the first example of a distribu-
tionally robust optimization formulation for appointment scheduling
that permits a tight polynomial-time solvable semidefinite program-
ming reformulation which explicitly captures partially known correla-
tion information between uncertain processing times of the jobs to be
scheduled. We also discuss extensions where the random coefficients
are assumed to be non-negative and additional overlapping correlation
information is available.
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Matrix generation for binary quadratically constrained
quadratic problems

Lucas Létocart, Enrico Bettiol, Immanuel Bomze, Francesco
Rinaldi, Emiliano Traversi

We consider binary quadratically constrained quadratic problems and
propose a new approach to generate strong bounds. The new relaxation
is based on the Boolean Quadric Polytope and is solved via a Dantzig-
Wolfe Reformulation in matrix space. For block-decomposable prob-
lems, we extend the relaxation and if overlapping size of blocks is at
most two, we establish equivalence to the one based on the Boolean
Quadric Polytope. We conjecture that equivalence holds for any block
structure with a chordal sparsity graph. Numerical experiments show
that the proposed approach yields very good bounds in reasonable
time, in comparison with a state-of-the-art solver.
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Bayesian Optimization of Neural Network Hyperparam-
eters Using Gaussian Processes

Christian Milano, Umberto lemma, Andrea Serani, Matteo
Diez

Data science has emerged as a cutting-edge research field that devel-
ops and applies rigorous methods and algorithms to gain knowledge
from data. Among other methods, neural networks have proven to be
effective in modelling datasets from experiments or simulations, thus
reducing the computational cost of design performance assessment and
optimization procedures or gain insights of complex physical phenom-
ena. The performance of the neural network in approximating the de-
sired dataset depends on its internal hyperparameters. In this work
the optimization of the hyperparameters of a neural network is pre-
sented for improving the representation of aeroacoustic datasets from
experiments and simulations. The neural network is characterized by
5 hyperparameters, both integer and continuous. A Gaussian process
metamodel is used to accurately approximate the reconstruction error
of the datasets while reducing the number of hyperparameters sets that
need to be tested. The reconstruction error is computed as the normal-
ized mean squared error in a k-fold cross-validation procedure. The
optimization of both the integer and continuous hyperparameters is
finally performed using a deterministic version of the derivative-free
particle swarm optimization algorithm. The proposed methodology is
compared with a random-search approach for the hyperparameter op-
timization.

Towards a Global Derivative-free Trust-region Method
for Mixed Continuous and Discrete Problems

Delphine Sinoquet, Thi Thoi Tran, Sébastien Da Veiga,
Marcel Mongeau

This work is motivated by optimization applications based on com-
plex and expensive black-box simulators. Our goal is thus to achieve
the best improvement in function minimization with the fewest possi-
ble simulations. We propose a new global optimization method that
is an extension of a local Derivative-Free Optimization Trust-region
method for mixed continuous and discrete problems (DFOb). The lat-
ter method is based on two main steps: successive continuous quadratic
sub-problems and mixed binary quadratic sub-problems that both rely
on interpolation models defined for mixed variables, valid within an

adaptive trust region. To force exploration for binary variables, "no-
good cut" constraints are added to force the algorithm to explore out-
side of the previously explored regions.

Our approach to global optimization is to use our local solver DFOb
coupled with a restart procedure that resets the trust region size and
enables an enrichment of the simulation dataset for exploration when-
ever the algorithm no longer makes sufficient progress. Precisely, our
strategy to pick these new simulations relies on a novel design of exper-
iment method that uses kernel-embedding of probability distributions
adapted to mixed variables, enabling to take into account any available
prior information from the type of problem we address. Several appli-
cations of the proposed method will be presented for a benchmark of
functions.

A Computational Comparison of Mixed-integer
Derivative-free Optimization Solvers in an Adaptive
Sampling Surrogate Modeling Framework
Emmanouil Karantoumanis, Nikolaos Ploskas

Derivative-free optimization (DFO) has recently received a lot of at-
tention. Expensive black-box optimization problems are becoming
more and more common in science and engineering. In this work, we
have implemented an adaptive sampling surrogate model framework
for solving black-box optimization problems. Initially, a sampling
method is utilized to determine initial sampling points. Then, a sur-
rogate model is generated by ALAMO as an approximation model for
the original objective function of the problem. The surrogate model is
evaluated and if the termination criteria are not met, then a re-sampling
strategy is executed. In this step, we utilized DFO solvers to re-sample
new points and feed them back to ALAMO in order to generate an
updated surrogate model. In this step, we utilize various DFO solvers
in order to produce new sampling points. These DFO solvers need to
take into account already evaluated points. There are only a few DFO
solvers that utilize already evaluated points and can also handle integer
variables. The new sampling points are used by the surrogate frame-
work in an adaptive procedure until the termination criteria are met. In
this work, we compare various DFO solvers (MATLAB’s surrogateopt,
MISO, Nevergrad, SNOBFIT, and ZOOpt) than can be utilized in such
an adaptive framework. We present extensive computational results on
pure and mixed-integer optimization problems.

A Computational Comparison of
Derivative-free Optimization Algorithms
Nikolaos Ploskas, Nikolaos Sahinidis

Mixed-integer

A growing number of applications in science and engineering deal
with the solution of black-box optimization problems, where deriva-
tive information of the objective function is unavailable, unreliable or
impractical to obtain. The algorithms that are utilized to solve this
type of problems are called derivative-free algorithms. Although the
algorithmic and theoretical aspects of derivative-free algorithms have
significantly progressed over the past two decade, derivative-free al-
gorithms dealing with discrete variables have not yet attracted much
attention. In this work, we review recent advances on solving bound-
constrained mixed-integer derivative-free optimization problems and
present a computational comparison of existing implementations on a
large collection of test problems. Thirteen bound constrained mixed-
integer derivative-free optimization solvers are compared using a test
set of 267 problems. The test bed includes pure integer and mixed-
integer problems. Computational results show that the ability of all
these solvers to obtain good solutions diminishes with increasing prob-
lem size, but the solvers evaluated collectively found optimal solutions
for 93% of the problems in our test set. The open-source solvers MISO
and NOMAD were the best performers among all solvers tested. MISO
outperformed all other solvers on large and binary problems, while
NOMAD was the best performer on mixed-integer, non-binary dis-
crete, small, and medium-sized problems.
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Duality for nonconvex optimization problems with ab-
stract convex functions
Monika Syga, Ewa Bednarczuk

We investigate duality for nonconvex optimization problems. To this
aim we use the abstract convexity theory and minimax theorem for ab-
stract convex functions. We provide conditions for zero duality gap
and strong duality. Among the classes of functions, to which our dual-
ity results can be applied, are prox-bounded functions, DC functions,
weakly convex functions and paraconvex functions. We put particular
stress on weakly convex functions which have numerous applications
in optimization problems arising in signal and image processing. We
provide conditions for zero duality gap and strong duality.

Lipschitz global optimization
Yaroslav Sergeyev, Dmitri Kvasov, Marat Mukhametzhanov,
Maria Chiara Nasso

LIPSCHITZ GLOBAL OPTIMIZATION

Y.D. Sergeyev*’, D.E. Kvasov*’, M.S. Mukhametzhanov*’, M.C.
Nasso*

*Calabria University, Rende, Italy ’Lobachevsky University, Nizhni
Novgorod, Russia

https://www.yaroslavsergeyev.com

Global optimization is a thriving branch of applied mathematics and an
extensive literature is dedicated to it. In this talk, the global optimiza-
tion problem with a multidimensional function satisfying the Lipschitz
condition over a hyperinterval with an unknown Lipschitz constant is
considered. It is supposed that the objective function can be “black
box", multiextremal, and non-differentiable. It is also assumed that
evaluation of the objective function at a point is a time-consuming op-
eration. Several algorithms proposed by the authors for solving this
problem are discussed. They can be distinguished, for example, by the
way of obtaining information about the Lipschitz constant and by the
strategy of exploration of the search domain. Exploration techniques
based on various adaptive partition strategies are analyzed.

Selected references

1. Y.D. Sergeyev, D.E. Kvasov, Deterministic global optimization: An
introduction to the diagonal approach, Springer, NY, 2017. 2. R.G.
Strongin, Y.D. Sergeyev, Global Optimization with Non-Convex Con-
straints: Sequential and Parallel Algorithms, Springer, NY, 3rd ed.,
2014. 3. Y.D. Sergeyev, R.G. Strongin, D. Lera, Introduction to Global
Optimization Exploiting Space-Filling Curves, Springer, NY, 2013.

Escape Strategies Algorithm (ESSA), a new meta
heuristic algorithm for global optimization problems, in-
spired in pre-predator interaction

Mario Alberto Mendoza Villalba, Jesus David Galarcio
Noguera, Jorge Mario Lépez Pereira

The challenge of improving optimization techniques remains, today
more than ever, a subject of great importance in many fields of sci-
ence and engineering. Because, every day more problems arising that
require the use of various optimization methods, in addition, the com-
plexity of the methods increases as systems become more complex,
forcing it to solution techniques have to be increasingly efficient; that
is way the development of new approximate methods (heuristics and
metaheuristics) has becoming an important alternative in solving com-
plex problems for its versatility, applicability and efficiency. Also,
this paper proposes a new global optimization metaheuristic algorithm
named ESCAPE STRATEGIES ALGORITHM (ESSA), inspired by

the interaction between predator and prey, and how the preys try to
evade to predator; which is tested in real functions, comparing with
continuous encoding metaheuristics widely referenced in literature,
getting (ESSA) an equal to or better performance in their solutions
to a standard time on multiple test instances, besides equaling in stan-
dard score to the best comparison algorithms and overcoming them
several of the most cited. In addition, the descriptive statistical ann-
alyzis shows, in fact, ESSA is the algorithm that obtains best results
in biggest quantity of test instances; evidencing a best performance in
instances with greates number of variables.
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A two-stage stochastic programming approach for the
long-term expansion co-planning of electricity and gas
systems with bi-directional energy conversion

Giovanni Micheli, Maria Teresa Vespucci, Cinzia Puglisi,
Alessia Cortazzi

The deployment of gas-fired power plants and Power-to-Gas plants in-
creases the interconnection between electricity and gas systems and
requires an integrated planning framework that could accurately con-
sider this coupling. This contribution provides a comprehensive for-
mulation for the expansion co-planning of integrated energy systems
with high penetrations of intermittent renewable energy sources and
bi-directional energy conversion. Since expansion plans are usually
made for a long-term horizon, the system conditions are generally un-
certain at the time the expansion plans are decided. In this work, we
focus on the uncertainty of thermal power plants production costs and
we define expansion decisions using a two-stage stochastic program-
ming model, with the first stage representing the investment problem
and the second stage being the operational problem. To keep the prob-
lem computationally tractable, we apply a clustering analysis on input
data to select a set of representative days and we implement a multi-cut
Benders Decomposition algorithm, decomposing the stochastic model
both by year and by scenario. We then apply the proposed analysis to
the Italian integrated electricity and gas system to evaluate the achieve-
ment by 2040 of sustainability goals set by the European Commission.
Empirical results show how solar technology could play a key role in
the achievement of these policy targets, being the main technology in-
stalled by the model.

Day-ahead and intra-day co-optimization of a power unit
under uncertainty
Adrien Le Franc, Michel De Lara

We consider renewable power units equipped with a battery and en-
gaged in day-ahead load scheduling. In this context, the unit manager
must submit a day-ahead power production profile prior to every op-
erating day, and is engaged to deliver power accordingly. During the
operating day, the unit manager is charged penalties if the delivered
power differs from the submitted profile. First, we model the problem
of computing the optimal production profile as a parametric multistage
stochastic optimization problem. The production profile is modeled as
a parameter which affects the value of the intra-day management of
the power unit, where the photovoltaic production induces stochastic-
ity. Second, we expose numerical methods to compute or approximate
a subgradient of the value functions of the problem with respect to
the parameter, and finally, we showcase applications in the context of
the French non-interconnected power grid and benchmark our method
against a Model Predictive Control approach.
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3 - The Optimal Design and Operation of a Residential Pro-
sumer System: A Stochastic Programming Approach
Patrizia Beraldi

The electricity market is undergoing a challenging transformation,
slowly evolving from an electricity production system dominated by
large centralized generating units to a system with an increasing
amount of energy production from renewable energy sources and small
power plants. In this new landscape, the figure of the consumer also
changes. Domestic consumers are producing more and more energy,
for example by installing solar panels on their roofs, installing a wind
turbine on their property, or producing biogas from waste. This new
trend of households to be both producers and consumers of energy is
known as "prosumption” and is facilitated by technical developments
such as battery systems, smart meters, and advanced business models
that promote self-consumption through the technical design of electri-
cal systems. This talk focuses on the optimal design and operation of
a domestic energy system consisting of photovoltaic panels and stor-
age devices. The uncertainty inherent in production from renewable
sources and in the purchase price of electricity confers a stochastic
nature to the problem under investigation. A stochastic programming
formulation is defined and tested in real case studies. The numerical
results show the effectiveness of the proposed approach in terms of cost
savings and the relative advantage of using a stochastic programming
approach compared to a deterministic formulation.
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1- Anticipatory Decision-Making for Dynamic Vehicle
Routing with Stochastic Customer Requests
Ninja Soeftker, Marlin Wolf Ulmer, Dirk Christian Mattfeld

We consider a dynamic vehicle routing problem with stochastic cus-
tomer requests. In this problem, some requests are known in advance
(initial requests) and others arrive throughout the time horizon while
several workers in vehicles already serve customer requests. Before
the start of the time horizon, initial routes have to be constructed that
contain all initial requests. In this work, we consider different options
for this initial route construction. When a new request arrives, a deci-
sion has to be made about whether the request is served and by which
vehicle it will be served. For an anticipatory decision-making with
respect to both decisions, we apply a value function approximation ap-
proach. In this presentation, we analyze the impact of the initial route
construction, the impact of the state features used as well as their in-
terrelation.

2 - When to Reschedule Vehicles in Case of Disruptions
Martijn Koot, Martijn Mes, Maria lacob

Rapid advancements in remote sensing technologies enable logistics
companies to keep track of their fleet in (nearly) real-time. While
fleet operators can evaluate the continuous stream of dynamic events
in search for any harmful disruption already, more flexible and reli-
able operations can only be obtained if the track-and-trace services are
made actionable by enhancing them with online rescheduling policies.
In this research, we investigate the timing of re-optimizing the Vehi-
cle Routing Problem with Time Windows (VRPTW) in response to
dynamic events, especially once a disturbance affecting the vehicles’
travel times is observed on route. Therefore, we first extract useful fea-
tures from the fleet’s continuous data streams to predict the severity of
potential disturbances. Second, we construct, simulate, and evaluate
multiple rescheduling policies to resolve all classified dynamic events.

We illustrate this challenge by extending the well-known Solomon in-
stances with a more realistic road network, as the decision complex-
ity increases for real-life problems constrained by the physical infras-
tructure. Through simulation, we study how disturbances impact the
VRPTW performance considering various disruption types, disruption
frequencies, impact radii, severity levels, local network characteris-
tics, and resolution times. Furthermore, we show how fleet operators
could learn those rescheduling policies in advance to improve response
times.

3 - Deep g-learning for same-day pickup and delivery prob-
lems
Florentin Hildebrandt, Marlin Wolf Ulmer

The demand for same-day pickup and delivery (e.g., restaurant meal
delivery) has grown rapidly in recent years. This trend is further ac-
celerated by the Covid-19 crisis, surpassing even the most generous
growth estimations. Service providers must scale efficiently with in-
creasing demand to stay ahead in a competitive market. One important
step towards efficient operational planning is anticipatory assignment
of orders to couriers. This is a difficult task for same-day pickup and
delivery problems due to high uncertainty in future orders and delivery
processes. We propose a deep dueling g-network to learn the future
value of assigning an order to a specific vehicle in the fleet. The g-
network draws from full state information including the complete ten-
tative routing of the fleet. In our experiments, we test our method for
a restaurant meal delivery problem based on data from a meal delivery
platform located in Iowa city. We show that our reinforcement learning
policy strongly improves upon a myopic assignment policy commonly
used in practice.
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1- Time Series Fault Detection and Diagnosis Using A
Two-Stage Attention-Based Recurrent Neural Network
in Copper Refining Manufacturing
Jae-Jin Yoo, Jun-Geol Baek, Yunsung Moon, Kyesun Park

The data collected during the manufacturing process is a very large
amount of multivariate time series data, which can be used for data-
driven time series fault detection and diagnosis. However, in order to
successfully construct a fault detection model of sequential data, input
features must be successfully extracted even in a situation where there
is a large number of variables, and temporal dependencies also must
be successfully captured even with long-range of time. In this paper,
we propose a two-stage attention-based recurrent neural network(TA-
RNN) that allows fault detection and diagnosis using two attention
stage in the long short-term memory (LSTM) structures. The attention
mechanism used in the first stage refers to the previous LSTM hidden
state and weight important input features at each time step. In the sec-
ond stage, we used self-attention machanism to weight important time
points in the sequential data. Experimental results using real-world
data from the copper smelting process demonstrate our model outper-
formed other time-series classification models with less training time.
Moreover, using the attention score derived from each attention stage,
we were able to identify variables and the time that significantly affect
the fault.

2 - Instance-dependent cost-sensitive learning: Do we re-
ally need it?
Toon Vanderschueren, Bart Baesens, Wouter Verbeke, Tim
Verdonck
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Traditionally, classification algorithms aim to minimize the number
of errors. However, this approach can lead to sub-optimal results
for many (business) applications where the actual goal is to mini-
mize the total cost of errors, not their number. For example, in cus-
tomer churn, the algorithm’s predictions should be especially reliable
when dealing with highly valuable customers, even at the cost of mis-
classifying churners with insignificant value. Cost-sensitive learning
aims to address this issue by incorporating costs in the learning al-
gorithm. Recently, a number of cost-sensitive classifiers have been
suggested that deal with the case of instance-dependent costs (a.k.a.
observation- or record-dependent costs). This work presents the re-
sults of a benchmarking experiment, comparing the performance of
instance- and class-dependent cost-sensitive, as well as cost-insensitive
learning methods. Using real-life data from a range of application ar-
eas, we analyze the effects of incorporating costs at the instance-level,
as well as the influence of thresholding and regularization, on the per-
formance of the resulting model, which is evaluated both using cost-
sensitive and cost-insensitive performance measures.

Clustering-based representative multivariate time se-
ries creation

Gabor Tamas, Elisabeth Zehendner, David Schmaranzer,
Emel Arikan, Gerald Reiner

The potential impact of descriptive analytics is often underestimated,
although historical datasets are continually growing as businesses be-
come more and more complex. Therefore, recognizing and treating
data as an asset is crucial for almost any company’s success. However,
without having the right tools for the analysis, there is a risk of miss-
ing otherwise promising opportunities. What is even worse, the results
might also be misleading.

In the presented research, we build a model to create representative
multivariate time series based on historical data. Our aim is to define
time periods in which the historical time series show similar behaviour.
Clustering is used for the categorization of input data samples along the
temporal dimension. As an output, the model produces representative
time series for each cluster.

The presented method’s applicability is demonstrated utilizing data
from a major logistics and postal services provider. Various cluster-
ing techniques, including the widely used K-means and the emerging
HDBSCAN, are compared by exploring how the method selection in-
fluences the obtained results. Our analysis indicates that the appro-
priate combination of unsupervised machine learning algorithms is a
useful tool for creating representative parcel flow patterns. These pat-
terns will enable better parcel distribution network planning both on
the strategic and the tactical level.

Masked-CNN : CNN-based Class Probability Correction
using Mask Image
Maeng Daeju, Jun-Geol Baek

In image classification problems in the field of computer vision, Con-
volutional Neural Network (CNN) is being utilized as the most out-
standing performance tool. Recently, a Class Activation map-based
visual explanation method is widely used to describe CNN-predicted
results and find important regions in images. In this paper, we develop
a masked-CNN that can improve image classification performance
through class probability correction utilizing mask images. Mask fil-
ters are generated by a combination of Class Activation maps of each
class and contain information about the important regions of the im-
age. Mask images provide additional information for image classifi-
cation. We pass this mask image through an existing CNN model to
generate a correction value, we correct it to the class probability of the
input image. The final prediction is performed through corrected class
probabilities. The proposed method can improve the classification per-
formance of existing CNN models without any change in model ar-
chitecture or additional learning. Experiments show that image clas-
sification performance after class probability correction is better than
existing models. We will also observe the effectiveness of the correc-
tion according to the generation method of class activation map. We
use ImageNet(ILSVRC2012) data, and the classification performance
is verified by various CNN models(VGG, ResNet, etc.).
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An ANP Model for Evaluating Architectural Design
Projects in Architectural Education
Ozay Ozaydin, Nil Akdede

Architectural design is essential for architecture education. Despite its
significance, the literature frequently presents the evaluation of these
design projects as one of the vital problems due to the difficulty in iden-
tifying and determining the design criteria and their interrelations. This
study aims not only to present a comprehensive criteria tree but also to
display the significance of relations among criteria. To deliver on these,
a three-stepped methodology is adopted. First, a comprehensive liter-
ature survey is conducted to determine the initial criteria. Second, the
Delphi technique is adopted to validate and improve the proposed cri-
teria from the first stage. Also, in this stage, the relationship between
the criteria are revealed. Finally, ANP (Analytic Network Process) as
an MCDM method, is implemented to evaluate the architectural de-
sign projects based on the criteria determined in the previous phases.
Top-level initial criteria include form, function and durability, also the
weighing will differentiate urban and rural projects. The results show
that the relations between architectural design assessment criteria are
significant. Ignoring these relations will directly affect the result of the
assessment. Therefore, besides implementing the method in the eval-
uation of architectural design projects in architecture education, it can
also be applicable for evaluating architectural design competitions.

Evaluating Hi-Fi audio systems in terms of sound qual-
ity with DEMATEL-Based Analytic Network Process and
PROMETHEE

Ozan Apaydin, Zerrin AladaG, Selcuk Ciineyt Altinkaya

The quality of sound reproduction depends on all the elements in the
chain including source, amplifier(s), loudspeakers, connectors and ca-
bles. Available metrics are not sufficient for determining sound qual-
ity and do not give an idea of how a system sounds. On the other
hand, subjective evaluation of Hi-Fi audio systems is an arduous and
time-consuming task. Therefore, insubstantial rating of these systems
is a common approach on this market. This research employs sci-
entific methods such as DEMATEL-Based Analytic Network Process
(DANP) and PROMETHEE to compare and assess Hi-Fi audio sys-
tems. An experimental study is designed and conducted to observe
and collect data required for subjective evaluation. Two new prefer-
ence functions of PROMETHEE are also put into practice. The results
show that Hi-Fi audio systems can be ranked sensitively using multi-
criteria decision making methods.

Analysis, Prioritization and Strategic Planning of Flood
Mitigation Projects using AHP in a GIS Environment
Marina Aidinidou, Andreas Georgiou

Floods, undoubtedly constitute a major global issue and cause signif-
icant consequences in the operations of contemporary cities. In addi-
tion, the management of sustainable water resources requires a well-
defined and validated decision-making framework in order to facilitate
the implementation of available measures. This study establishes a set
of risk criteria concerning the comprehensive urban flood risk assess-
ment and investigates the criteria changes on different weighted sets,
in both value and spatial distribution. The model, based on spatial data
and expert opinions, is used to assess flood vulnerability and prioritize
mitigation projects in the study area. Based on the research objectives,
the data availability, and the current technology, vulnerability is chosen
to be expressed as a function of 18 multidimensional factors which are
categorized under the three sustainability pillars: the environment, the
society and the economy. Then Analytical Hierarchy Process (AHP),
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is coupled with a spatial database environment, generated in a Geo-
graphic Information Systems (GIS) software. As a result, the outcome
of the aforementioned process is included in a vulnerability map which
can be used in structuring a hierarchy of the ranked future flood miti-
gation projects. Finally, the model is used to conduct spatial sensitivity
analysis thus facilitating the study of the effects that some parameters
variation may have to the resulting hierarchy of the projects.

4 - MCDA Model using FAHP for implementation of SSCM
during VUCA conditions
Rhitankar Saha Roy, Karim Ahmed

With the onset of the COVID-19 pandemic and BREXIT, there is a
prominent need for further understanding of implications of VUCA
conditions and the seismic impact this could have on supply chains.
During VUCA times, it has been shown that supply chains struggle on
a regular basis to maintain and implement sustainability in their pro-
duction lines especially for swift decision making for business growth,
which are hinged on a set of selected KPIs. This is further exacerbated
due to multiplicity of theoretical models that identify KPIs applica-
ble to a particular industry. However, these models do not give these
industries the independence to set their own criteria or guide their de-
cision making. Decision making processes for procurement or busi-
ness area growth can be quite time consuming and is complicated due
to the multiple criteria inherent within, which are further complicated
during VUCA conditions. As an approach to resolve this, this paper
discusses an interactive mathematical tool using modified FAHP based
calculation to aid in organizational decision making. This is through
suggesting the most sustainable option a supply chain organization can
implement based on the multiple criteria and options available to that
organization during VUCA times (e.g. COVID-19). This model gives
the user/organization the independence to set their own criteria and
is not based on a pre-defined list of theoretical KPIs to choose from.
Three different case studies have been applied to the
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1 - Flexible procurement planning for dealing with variabil-
ity in the availability of raw materials
Reinaldo Gomes, Alexandra Marques, Fabio Moreira, Pedro
Amorim

This research was motivated by the forest biomass supply chain, in
which it is extremely difficult to predict when and how much forest
residues will be available at a certain location, being always dependent
on the variability of forest harvesting rates. The efficiency of process-
ing and transportation operations also constrains the amount of mate-
rial that is delivered at bioenergy plants. This paper studies different
flexibility strategies in procurement planning to deal with uncertainty
related to spatial and temporal availability of raw materials. The first
relates to the possibility to dynamically reconfigure the network design
by opening and closing temporary intermediate storage nodes along the
time horizon, adjusting to where and how much raw materials are avail-
able. The second relates to the possibility to postpone operations from
the supply nodes to these intermediate nodes, becoming an instrument
for gain economies of scale. The problem is modelled as a mobile

from that investment in different disruption scenarios, contributing to
better risk management.

Digital Twin on New Product Development in Life Sci-
ences Industry
Rishabh Agrawal, Prateek Jain

Drug development is one of the most complicated Product develop-
ment process and spans between 15 to 20 years. The development
process is usually characterized in 4 phases, each with a hurdle of reg-
ulatory approval, post which the drug is released for commercial usage.
As per American Council on Science & Health, the overall probability
of success for all drugs and vaccines is 13.8%. Hence, there is a high
probability of investment not resulting into any benefit which could
impact the development of other potential life-saving drugs in pipeline
of the organization as well. In such a high-risk, capital intensive &
long lead time business, an intelligent planning is needed to reduce the
risk for the drug makers and maximize their overall portfolio Robust-
ness and Agility so that more lives around the world could be saved. A
Digital Twin is developed using Mixed Integer Linear Programming to
guide the investment of constrained resources to maximize the multi-
objective attributes such as Speed to First In Human, Speed to New
Drug Application, Net Present Value, Robustness, and Agility of the
portfolio under uncertainty. The model provides insight into the allo-
cation plan of internal and external resources across projects, prioriti-
zation of projects and differential investment strategies. These form an
excellent decision support for pharmaceutical companies to improve
their drug developing ability and save more lives.

Minimizing transfer distances in port terminals: An inte-
grated Berth Allocation, Quay Crane and Yard Schedul-
ing approach

Emmanouil Thanos, Wim Vancroonenburg, Greet Vanden
Berghe

Effective management of container yard usage constitutes a critical
component of port terminal operations. This study proposes a model
and a heuristic to provide decision support for the combined Berth Al-
location, Quay Crane and Yard Scheduling Problem, with the aim be-
ing to minimize container transfer distances in the storage yard. The
examined problem involves four primary decisions: (i) the assignment
of vessels to berthing positions, (ii) the allocation of quay cranes and
corresponding serving times to vessels, (iii) the assignment of quay
cranes and (un)loading time slots to specific container groups of each
vessel and (iv) the allocation of storage blocks to container groups for
their entire stay at the yard. Numerous mooring and crane operating
restrictions are integrated into the developed model in addition to stor-
age block and container type compatibility constraints. A Remove &
Reinsert and a simulation-based heuristic are proposed for the Berth
Allocation and the Yard Scheduling component, respectively. Both a
functional and a deep integration metaheuristic framework are devel-
oped and evaluated over a set of benchmark instances derived from a
real-world case. The connection between berth allocations and final
container transfer distances is additionally analysed. Finally, derived
solutions are also assessed based on their suitability with other practi-
cal advantages involved in the terminal operations, such as decrease of
congestion and crane usage balancing.
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Decomposition-based co-evolutionary algorithm for in-
teractive multiple objective optimization
Michat Tomczyk, Milosz Kadzinski

We propose a novel co-evolutionary algorithm for interactive multi-
ple objective optimization, named CIEMO/D. It aims at finding a re-
gion in the Pareto front that is highly relevant to the Decision Maker
(DM). For this reason, CIEMO/D asks the DM, at regular intervals,
to compare pairs of solutions from the current population and uses
such preference information to bias the evolutionary search. Unlike
the existing interactive evolutionary algorithms dealing with just a sin-
gle population, CIEMO/D co-evolves a pool of subpopulations in a
steady-state decomposition-based evolutionary framework. The evo-
lution of each subpopulation is driven by the use of a different pref-
erence model. In this way, the algorithm explores various regions in
the objective space, thus increasing the chances of finding DM’s most
preferred solution. To improve the pace of the evolutionary search,
CIEMO/D allows for the migration of solutions between different sub-
populations. It also dynamically alters the subpopulations’ size based
on compatibility between the incorporated preference models and the
decision examples supplied by the DM. The extensive experimental
evaluation reveals that CIEMO/D can successfully adjust to different
DM’s decision policies. We also compare CIEMO/D with selected
state-of-the-art interactive evolutionary hybrids that make use of the
DM’s pairwise comparisons, demonstrating its high competitiveness.

Comparison of Interactive Evolutionary Multiobjec-
tive Optimization Methods Using an Artificial Decision
Maker

Ana Belen Ruiz, Bekir Afsar, Kaisa Miettinen

In interactive evolutionary multiobjective optimization methods, pref-
erences of a decision maker (DM), a domain expert, are iteratively
incorporated to generate solutions that reflect the DM’s interests. To
compare these methods, we need means to capture features inherent
in the nature of the solution processes. Namely, the DM’s preferences
evolve while (s)he learns about the problem’s trade-offs and the fea-
sibility of her/his own preferences. In this work, we implement an
artificial decision maker (ADM) to evaluate reference point-based in-
teractive evolutionary methods. A reference point consists of desirable
values for the objectives. To simulate several iterations with an interac-
tive method, the ADM generates reference points differently depend-
ing on two phases that can be distinguished in the solution process.
In the learning phase, reference points simulate exploration to exam-
ine various Pareto optimal solutions to find a potential region of inter-
est. Then, reference points of the decision phase mimic a progressive
convergence towards the most preferred solution in this region. Each
reference point is used to assess the methods’performances per itera-
tion. The ADM’s performance is demonstrated by comparing several
interactive evolutionary methods on benchmark problems with up to 9
objectives. Future work includes consideration of other types of pref-
erence information and incorporation of a procedure to automatically
switch from the learning to the decision phase.

Visualization tools and practical guidelines for multi-
scenario multiobjective robust optimization problems
Babooshka Shavazipour, Manuel Lopez-Ibdiiez, Kaisa
Miettinen

Recently, multi-scenario multiobjective optimization and the concept
of multi-scenario (robust) efficiency have been receiving more atten-
tion. In multi-scenario multiobjective optimization problems, the per-
formance of a decision should be evaluated according to all objec-
tives in all plausible scenarios. Thus, scenarios introduce an addi-
tional dimension to the solution process and complicate the task of the
decision-maker (DM). Visualizations can help a DM understand and
compare trade-offs between different objective functions and trade-offs
under different scenarios. In traditional multiobjective optimization,
visualizations are typically used to represent Pareto optimal solutions
in the objective space, helping DMs observe, learn, and evaluate trade-
offs between objectives and eventually choose the most preferred so-
lution. In the presence of multiple scenarios, those traditional visual-
izations fail to capture the trade-offs between scenarios. In this work,
we identify some fundamental questions that a DM may wish to an-
swer with the help of visualizations. We help the DMs to answer these

questions and make a robust decision by proposing two visualization
tools: a novel extension of empirical attainment functions for scenar-
ios and an adapted version of heatmaps. Then, after validating the
usefulness of the proposed visualizations with a real DM, we discuss
different classes of problems and provide guidelines regarding the best
use of the proposed visualizations.

m MA-32

Monday, 8:30-10:00 - Virtual Room 32

Decision Support in Investment
Management & Banking 1

Stream: Multiple Criteria Decision Analysis
Invited session
Chair: Panos Xidonas

1-

On ESG multiobjective portfolio optimization
Panos Xidonas, Eric Essner, Paul Chaumard, Romain Rieul

The fundamental principle of the conventional mean-variance frame-
work is that investment decisions are generally made using two cri-
teria, corresponding to the first two moments of portfolio return dis-
tributions, namely the expected return and variance. One persistent
criticism over this theoretical regime, is that it fails to incorporate
the overall spectrum of investors’ criteria. Ahead of the new asset
management era that calls for sustainably responsible investments, the
above limitations need to be resolved. In this paper, we propose a
multiobjective minimax-based portfolio optimization model, through
which we simultaneously attempt to maximize the three typical ESG
investment objectives. Also, apart from the non-systematic risk, the
underlying formulation takes into account the, so-called, controversy
dimension, associated with each company participating in the optimal
ESG-sustainable portfolio. More specifically, the controversy dimen-
sion expresses the level at which companies are involved in incidents
and events, that may negatively impact stakeholders, the environment
or the company’s operations. The validity of the attempt is verified
through an illustrative empirical testing on the CAC 40, for a 5-years
period, using data from Morningstar. We report a series of very en-
couraging results, since the optimal ESG portfolio produced by the
model, appear to possess superior returns in comparison to the market
benchmark.

Political risk in internationally diversified portfolios
Stavros A. Zenios, Giovanni Pagliardi

Internationally diversified portfolios carry sizeable political risk pre-
mia and we show how to hedge political risk. Using mean to Con-
ditional Value-at-Risk (MTC) optimization to account for the skewed
return distributions and drawing inferences using block bootstrapping,
we establish that diversification benefits persist when hedging both cur-
rency and political risk. The hedged international portfolio of US in-
vestors outperforms the index in both MTC and Sharpe ratio metrics,
with increases, respectively, from 0.05 to 0.09 and from 0.42 to 0.67.
Hedging works even better for long-horizon investors. We also show
how to reduce political risk in emerging market portfolios. Short po-
sitions in developed markets diversify port- folio political risk while
further improving MTC and Sharpe, but both short and long positions
have political risk exposures. Results are comparable for Eurozone and
Japanese investors, robust to model-implied returns, alternative politi-
cal risk factors, the great financial crisis, and short positions.

What drives consumer lending in France? A machine
learning approach
Constantin Zopounidis, Michalis Doumpos, Panos Xidonas

We develop a machine learning methodology for the identification of
the critical factors that drive the credit attitude of households in France.
We use a unique dataset based on the Household Finance & Consump-
tion Survey (HFCS) led by European Central Bank (ECB). The HFCS
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collects information on the assets, liabilities, income and consump-
tion of households. Moreover, relating to individual household mem-
bers, the survey also covers info, such as various demographics, em-
ployment, future pension entitlements and income. The anonymized
dataset we exploit is based on the third and most recent wave (2017)
of the survey and includes over 13,600 French households. As far as
the results, we report that the suggested approach provides valuable in-
sights into the economic behavior and financial situation of households
in France, factors that are highly relevant in terms of monetary policy
and financial stability.

4 - Comparative Evaluation of Alternative Portfolio Opti-
mization Models: The Case of Funds
Antonios Pavlou, Michalis Doumpos
Nowadays, optimal portfolio selection is a serious issue for both in-
vestors and financial consultants. Several models have been proposed,
extending the classical mean-variance portfolio theory with the intro-
duction of new performance attributes, but most of them adopt a rather
restrictive approach focusing only on a single portfolio without con-
sidering the whole set of efficient portfolios. This paper focuses on the
performance of the efficient set as a whole. In particular, we exam-
ine the out-of-sample robustness of efficient portfolios, by considering
both return and risk measures and investigating the outcomes of several
portfolio scenarios, from popular optimization models. Tests are con-
ducted using data of 255 funds for 13 years. The results are analyzed
through different performance indicators representing the deviations
between historical (estimated) efficient frontiers results. The outcomes
of the analysis provide insights into the robustness of the models over
time, their similarities and differences, and their relative performance
under different performance metrics and criteria. This paper also tries
to evaluate the previous sample through certain indicators in terms of
efficiency in order to highlight the top in their category funds. This will
happen through the calculation of different measures for each of the
funds to be classified based on their results through two multi-criteria
evaluation methods with different weights of importance.
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1- Preference disaggregation method for value-based
multi-decision sorting problems with a real-world appli-
cation in nanotechnology
Krzysztof Martyn, Milosz Kadzinski, Marco Cinelli, Roman
Slowinski, Salvatore Corrente, Salvatore Greco

We consider a problem of multi-decision sorting subject to multiple
criteria. In the newly formulated decision problem, besides perfor-
mances on multiple criteria, alternatives get evaluations on multiple in-
terrelated decision attributes involving preference-ordered classes. We
propose a dedicated method for dealing with such a problem, incorpo-
rating a threshold-based value-driven sorting procedure. The Decision
Maker (DM) is expected to holistically evaluate a subset of reference
alternatives by indicating the quality or risk level on a pre-defined scale
of each decision attribute. Based on these evaluations, we construct a
set of interrelated preference models, one for each decision attribute,
compatible with intra- and inter-decision constraints imposed by such
indirect preference information. We also formulate a new way of deal-
ing with potentially non-monotonic criteria by discovering local mono-
tonicity changes in different performance scale regions. The marginal
value functions for criteria with unknown monotonicity are represented
as a sum of two value functions assuming opposing preference direc-
tions, one non-decreasing and the other non-increasing. This permits
to obtain an aggregated marginal value function with an arbitrary non-
monotonic shape.

2-

Enriched preference modeling and robustness analysis
for the ELECTRE Tri-B method
Magdalena Martyn, Milosz Kadzinski

We consider multiple criteria sorting problems with preference-
ordered classes delimited by a set of boundary profiles. While sig-
nificantly extending the ELECTRE Tri-B method, we present an in-
tegrated framework for modeling indirect preference information and
conducting robustness analysis. We allow the Decision Maker (DM)
to provide the following three types of holistic judgments: assign-
ment examples, assignment-based pairwise comparisons, and desired
class cardinalities. A diversity of recommendation that can be obtained
given the plurality of outranking-based sorting models compatible with
the DM’s preferences is quantified by means of six types of results.
These include possible assignments, class acceptability indices, nec-
essary assignment-based preference relation, assignment-based out-
ranking indices, extreme class cardinalities, and class cardinality in-
dices.We discuss the impact of preference information on the derived
outcomes, the interrelations between the exact results computed with
mathematical programming and stochastic indices estimated with the
Monte Carlo simulations, and new measures for quantifying the robust-
ness of results. The practical usefulness of the approach is illustrated
on data from the Financial Times concerning MBA programs.

Performance evaluation of emergency department
physicians using robust value-based additive efficiency
model

Anna Labijak-Kowalska, Milosz Kadzinski, Luis C. Dias,
Wojtek Michalowski

We applied a novel variant of the value-based additive Data Envelop-
ment Analysis model to evaluate Emergency Department physicians’
performance using data from the Children’s Hospital of Eastern On-
tario in Ottawa. In principle, physicians consume three resources:
time, laboratory tests, radiology orders, and generate a single output
being the quality of the provided care. Our proposed approach’s nov-
elty comes from verifying the stability of efficiency outcomes observed
for all feasible input and output weights. We also introduce the orig-
inal procedures for selecting a common vector of weights and an ap-
proach for investigating the robustness of results in a multi-scenario
setting. Our primary focus in the study is on the physicians’ perfor-
mance when dealing with a group of patients’ complaints related to
abdominal pain and constipation. However, we also consider two other
complaint groups related to fever and lower or upper extremity injury,
head injury, and laceration/puncture.

A multiple criteria approach for assessing the quality of
the Portuguese public hospitals

Ana Sara Costa, Anténio Rocha, José Rui Figueira, Diogo
Ferreira, Rui Marques

The Portuguese National Health Service (SNS) was created to provide
universal and equal care, and tendentiously free care. Over the last
years, political and economic events have had an impact on the SNS,
occurring structural reforms and implementing new healthcare poli-
cies. However, they have mainly focused on improving efficiency and
reducing costs and, consequently, it associated to divestment can in-
crease barriers to the service’s quality. This study aims to assess qual-
ity of the Portuguese public hospitals. It is accomplished by using a
multiple criteria decision aiding approach due to the multidimensional
nature of quality in health. Thus, we consider several criteria and each
criterion is characterized by a set of subcriteria structured in a com-
plex criteria tree. Hence, we propose an innovative approach using the
ELECTRE TRI-C method for building a multidimensional scale for
each criterion. Then, we apply ELECTRE TRI-NC to construct a deci-
sion model in cooperation with an expert in the healthcare sector. Con-
sidering the hospitals’ performances on the criteria and the parameters,
the hospitals are assigned to predefined categories (ordered in terms of
quality level). We also perform a robustness analysis. This work’s
findings may have potential application to healthcare policy and hospi-
tal funding in the SNS.|Acknowledgements: This work was supported
by national funds through FCT in the framework of the project hSNS
(PTDC/EGEOGE/ 30546/2017).
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Detecting infeasibility of resource constrained shortest
path problems by data driven models

Marco Casazza, Alberto Ceselli, Cristina Ondei, Marco
Trubian

Resource constrained shortest path problems (RCSPP) have wide ap-
plicability, representing a flexible model for network applications.

Furthermore, they frequently arise as subproblems in decomposition-
based methods, as occurs in column generation for vehicle routing. In
all these settings, being able to perform early detection of infeasibility
helps to strongly reduce computing times. For instance, in dynamic
programming algorithms for RCSPP, extension operations for partic-
ular labels can be stopped, if they are found to have no feasible (and
profitable) completion. Many fathoming heuristics have been proposed
in the literature.

‘We experiment on using a data-driven approach in this context, model-
ing the problem of detecting infeasibility as a supervised learning one.
We design features which are not dependent on instance size, having
different computing cost. We compare the tradeoff between computa-
tional effort and performance which can be achieved, when a binary
classifier is employed.

Our results indicate such a direction to be promising.

Some insights about the use of machine learning for
solving VRP

Flavien Lucas, Romain Billot, Marc Sevaux, Kenneth
Sorensen

Hybrid optimisation methods using machine learning tools are a hot
topic in combinatorial optimization. The Al promise is to learn from
past solutions or in real time what are the markers of good solutions
and then to guide the resolution of the problem. However, for many
hard problems such as VRP, a wide range of powerful solvers have
already proven their efficiency whereas the most recent successes in
machine learning (e.g deep learning) need a huge amount of training
data before reaching a satisfactory performance level. In this paper, we
study the efficiency of a features-guided multiple-neighborhood search
(FG-MNYS) for realistic instances of HFVRP. The solver is based on
two steps. In the learning step, a powerful solver (RADOS) is used to
generate a set of solutions, which are characterized by a set of features
described in previous work (Lucas et al., 2019, Lucas et. al, 2020).
Then, a decision tree is built on this training set to determine where
are the promising areas in the features spaces. In a second step, called
exploitation step, the solver uses some rules extracted from the deci-
sion tree to guide the solution toward a promising area. We present
a wide range of experimentations with different variants of the FG-
MNS solver (offline, online). While the results are promising for a
better understanding of what makes a good solution, the real benefits
of machine learning in an industrial implementation are questionable
and discussed in this work.

Learning to Schedule Heuristics in Branch-and-Bound
Antonia Chmiela, Elias B. Khalil, Ambros Gleixner, Andrea
Lodi, Sebastian Pokutta

Primal heuristics play a crucial role in exact solvers for Mixed Integer
Programming (MIP). While solvers are guaranteed to find optimal so-
lutions given sufficient time, real-world applications typically require
finding good solutions early on in the search to enable fast decision-
making. While much of MIP research focuses on designing effective

heuristics, the question of how to manage multiple MIP heuristics in a
solver has not received equal attention. Generally, solvers follow hard-
coded rules derived from empirical testing on broad sets of instances.
Since the performance of heuristics is instance-dependent, using these
general rules for a particular problem might not yield the best perfor-
mance. In this talk, we propose the first data-driven framework for
scheduling heuristics in an exact MIP solver. By learning from data
describing the performance of primal heuristics, we obtain a problem-
specific schedule of heuristics that collectively finds many solutions at
minimal cost. We provide a formal description of the problem and pro-
pose an efficient algorithm for computing such a schedule. Compared
to the default settings of a state-of-the-art academic MIP solver, we are
able to reduce the average primal integral by up to 49% on a class of
challenging instances.

A new variant of Kernel Search applied to the Multidi-
mensional Multiple-choice Knapsack Problem
Renata Mansini, Leonardo Lamanna, Roberto Zanotti

The Multidimensional Multiple-choice Knapsack Problem (MMKP) is
a challenging combinatorial optimization problem. Recently, several
heuristic approaches and a few exact algorithms have been proposed
for its solution. Thanks to them, it has been possible to obtain new
best-known values for benchmark instances, even if many of such in-
stances are still not solved to optimality. In this paper, we provide a
new variant of the matheuristic framework Kernel Search and apply it
to the MMKP. The proposed variant keeps the method’s main idea of
solving a sequence of restricted mixed-integer subproblems but inno-
vates by partitioning the method into two different phases with com-
plementary goals and by changing the way the kernel set is selected
and updated. The first phase strives for feasibility and terminates by
providing important information to dynamically adapt subproblems di-
mension and solution time in the second phase that is focused on ob-
taining high-quality solutions. This makes the global approach more
scalable and efficient. Computational results on different sets of bench-
mark instances demonstrate that the method is extremely effective, out-
performing all state-of-the-art heuristics for the MMKP. The method
compares extremely well also with respect to exact approaches running
for five hours. The proposed algorithm has improved the best-known
value of 185 out of 276 open benchmark instances and its average de-
viation from optimality is always negligible.
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The Reward-Penalty-Selection Problem
Till Heller, Karl-Heinz Kiifer, Sven Krumke

The Set Cover Problem (SCP) and the Hitting Set Problem (HSP)
are well-studied optimization problems. In this talk we introduce the
Reward-Penalty-Selection Problem (RPSP) which can be understood
as a combination of the SCP and the HSP where the objectives of both
problems are contrary to each other. In the RPSP one is given a finite
ground set of elements N, reward sets A_i with corresponding nonneg-
ative rewards a_i and penalty sets B_j with corresponding nonnegative
penalties b_j. Let S be a selection of elements from the ground set. We
say that a subset C of N is covered by S if C is a subset of S, and that C
is hit by S if the intersection of C and S is non empty. The task in the
RPSP to find a subset of elements S such that the sum of rewards of re-
ward sets covered by S minus the sum of penalties of penalty sets hit by
S is maximized/minimized. The RPSP has applications in the context
of combinatorial exchanges. We show that the maximization variant
of the RPSP is polynomial solvable while the minimization variant is
NP-complete in general. We also exhibit polynomially solvable special
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cases such as laminar sets or the situation where the natural bipartite
element-set incidence graph has bounded tree width.

2 - The balanced maximally diverse grouping problem with
attribute values
Arne Schulz

The balanced maximally diverse grouping problem with attribute val-
ues (BMDGPAV) is a variant of the well-known maximally diverse
grouping problem (MDGP) which assigns items to groups such that
the sum of absolute differences of all item pairs assigned to the same
group is maximized. In the BMDGPAV absolute differences are ab-
solute differences of the attribute values of the corresponding items.
This is a realistic setting for example in the assignment of students to
courses according to their academic achievements. Moreover, BMDG-
PAV searches for a best-balanced solution amongst all solutions with
maximal sum of intra-group differences (i.e. optimal solutions of the
corresponding MDGP instance). We present theoretical insights as
well as solution approaches and a computational study for the BMDG-
PAV.

3 - New Formulations for the TSP
Trilochan Sastry, Ashish Singh Bhandari

New formulations for the TSP Trilochan Sastry and Ashish Singh
Bhandari Indian Institute of Management, Bangalore We consider
polynomial formulations of the symmetric TSP with an enhanced set
of variables. The number of variables and constraints are both O(n3 )
where n is the number of nodes in the tour. This formulation was tested
on some of the challenge problems and all except one were solved to
optimality. The basic idea is to fix the location of the nodes using
three methods. One is using commodity flows where one commodity
flows from node 1 to each of the remaining nodes. This is well known
in the literature and subsumes the sub-tour constraints. Another is to
number the nodes in the tour from 1 to n. A third is to measure the
distance between any two nodes. These two sets of variables are new.
The model then links these three sets of variables. For instance, if we
measure the total number of arcs through which commodity k flows,
it turns out that this equals the position of node k on the tour. The
model was tested on various well known problem instances and gives
optimal solutions in all cases except one. It also opens up some inter-
esting research questions about the well known valid inequalities and
this formulation. We also present some alternate formulations using
the notion of permutations and combinations.

4 - Fixed interval scheduling problems with endogenous
uncertainty
Martin Branda

Fixed Interval Scheduling deals with problems where jobs with fixed
processing intervals are assigned to available machines. If the finishing
times of the jobs are uncertain, the possible criteria involve expected
number of unfinished jobs which is minimized. This leads to a stochas-
tic two stage integer programming problem which can be reformulated
as a robust coloring problem with suitable choice of the penalties. In
this paper, we focus on the problem where the delay distribution can
be influenced by our decisions, e.g. by inclusion of the maintenance
operations. This leads to the problem with endogenous uncertainty.
We will propose a possible formulation and reformulation using an
extended robust coloring problem. We will also propose a numerical
study on simulated instances.
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Interval transition probabilities for alternating Semi
Markov Chains under Negative Binomial and Gamma
distribution

Javier Giner, Valeriy Zakamulin

Despite the ever-growing interest in Semi Markov Chains (SMC) and
their applications in a wide range of areas, there is still a great short-
age of theoretical results on the properties of these models. Our paper
fills this gap by introducing a novel technique to analyze SMC through
pure Markov Chains by forcing the states to stay more periods with
the result of modifying the original Geometric distribution state hold-
ing time into a Negative Binomial distribution. This allows to intro-
duce increasing hazard rates what is a desirable property. The general
method is introduced, applicable to every n-state SMC where holding
times follow negative binomial distribution. Then, the 2-state SMC
is deeply analyzed for the following main combinations, NB(2)+Geo
and NB(2)+NB(2). Closed-form solutions for the interval transition
probabilities are derived. The continuous time case where exponen-
tial and gamma distributions are employed is also considered. Overall,
the results reported in this paper help to understand more deeply the
properties of SMC as well as the differences and similarities between
them.

Study of the market through co-movement in volatility
Maria de las Nieves Lopez-Garcia

In this paper, we focus on the growing interest in the study of the co-
movement of volatility, as its movement affects financial assets in var-
ious ways, exerting a great influence on risk management, portfolio
selection, pricing of derivatives and for setting regulatory policy. To
study co-movement, we borrow from the analysis of many-body phys-
ical systems (colloidal systems) and adapt it to financial markets. Our
approach from physics considers a portfolio as if it were a system of
many bodies, using the index to represent a characteristic point that
characterizes the whole system, such as the center of mass. Following
the classical mechanics of multi-body systems, internal forces only af-
fect the relative motion of a body with respect to the center of mass, so
a proper estimate of co-motion due to interactions, within a physical
approach, can only be made by subtracting the center of mass (or in-
dex). However, we are also interested here in the co-movement of the
full market, without subtracting the center of mass. We find that stocks
with similar volatility tend to have a greater co-movement than stocks
with dissimilar volatility, with a general decrease of co-movement with
increasing volatility. On the other hand, when the average volatilityis
subtracted from the stock volatility, the co-movement decreases no-
tably and becomes almost zero. This allows us to identify the index
motion as the main source for the co-movement.

Prioritizing of ambulances mobility based on a bi-
criterion and multistage approach in overload situa-
tions

Stamatios Vasalakis, Athanasios Spyridakos

This research work aims to the development of a deterministic method-
ological approach for transportation problems of the ambulances in
natural disasters, where there are strong needs for immediate response
and the number of cases is high. The proposed methodological ap-
proach is based on the principles of Dynamical Programming (DP)
which discretize the optimization problems in stages and the tech-
niques of Linear Programming (LP) for the identification of the optimal
transportation plan at every stage. In addition, the dynamic of the prob-
lem is enhanced by the usage of live data from the Google. This kind
of problem is considered multiplicative while there are two principal
objectives a) the emergency to transport the injured according to their
triage scale and b) the immediate movement of the patients to the hos-
pitals. Also the problem can be characterized multiplicative because of
a) the existence of many start points and destination points of the am-
bulances with different distances and availabilities, b) the destination
points of one stage becomes the start points of the next stage increas-
ing the multiplicity of the problem and c) the need to achieve a global
optimization of the time response in relation to the emergency and pri-
orities of the patients’ condition. The above proposed methodological
approach is illustrated through a case study involving the timely trans-
fer of injured people as a result of a natural disaster to the nearest
Hospitals at local level.

15



MA-37

EURO 2021 - Athens

4 - Investment, strategic debt service, and liquidation
Takashi Shibata, Michi Nishihara, Yuan Tian

We develop a contingent claim model to examine the interaction be-
tween a firm’s financing and investment decisions, on the condition
that the firm has the options of strategic debt service and liquidation
during the financial distress. We show the effects of strategic debt ser-
vice under liquidation option.
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1 - Alignment-free sequence comparison: A systematic ap-
proach from a machine learning perspective
Katrin Sophie Bohnsack, Thomas Villmann

The encounter of large amounts of biological sequence data arisen
during the last decades and the algorithmic and hardware improve-
ments has offered the possibility to apply machine learning techniques
in bioinformatics. While in the machine learning community there
is awareness to rigorously distinguish data transformation from data
comparison and adopt reasonable combinations thereof, this strategy
is often lacking in the field of comparative sequence analysis. With re-
alization of the disadvantages of alignments for sequence comparison,
some of the typical applications are shifting to the branch of so-called
alignment-free (AF) approaches. In the light of this development, we
present a conceptual framework for AF sequence comparison, which
strengthens the delineation of: 1) the sequence data transformation
comprising adequate mathematical sequence coding and feature gen-
eration, from 2) the subsequent (dis-)similarity evaluation of the trans-
formed data by means of problem-specific but mathematically consis-
tent proximity measures. We consider coding to be an information-loss
free data transformation in order to get an appropriate representation,
whereas feature generation is inevitably information-lossy with the in-
tention to extract just these information relevant for the task. This dis-
tinction sheds light on the plethora of methods available and assists
identifying suitable methods in machine learning and data analysis to
compare the sequences under these premises.

2 - GrassSV - a hybrid tool for detecting Structural Variants
Aleksandra Swiercz, Dominik Witczak, Krzysztof Sychla,
Wojciech Frohmberg, Julia Wysocka, Jacek Blazewicz

Every two genomes of the same species are different. Differences
can be short, called SNP, or longer, called Structural Variants (SV).
‘We propose a tool GrassSV for detecting structural variants of differ-
ent types: deletions, duplications, insertions, inversions, and translo-
cations. GrassSV first maps short reads onto a reference genome,
and then detects regions with abnormal coverage (too low or too
high). In these regions we perform assembly de novo with assem-
bler GRASShopPER for proper reconstruction of potential differences.
Reconstructed contigs are then mapped again to the reference genome
allowing for partial mapping. Basing on the mapping patterns, spe-
cific for every type of genetic variant, we can detect various SV. Com-
putational experiments performed on the genome of yeast shows that
GrassSV is the most versatile among all tested tools, which are usually
specialized in one type of SV.

3 - Assembly-free comparison of genomic data
Artur Laskowski, Pawel Wojciechowski, Sylwester Swat, Jan
Badura, Aleksandra Swiercz, Jacek Blazewicz
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Calculating the similarity of genomic data is a crucial task. One could
use similarity measures to decide whether given data comes from the
same species or not. If the measurement is accurate enough, one could
calculate the number of structural variants among a group of individu-
als from the same species. Calculations like that could lead to a better
understanding of the evolution process and understatement of how in-
dividuals from across the world mix with each other. Nowadays, such
analyses could only be performed with assembled data since ANI and
Mash measurements, state-of-the-art methods, are calculating the sim-
ilarity of genomes. The assembling process is highly time-consuming,
and for calculation of the human genome could take more than 12
hours. In this work, we would like to introduce the assembly-free pro-
cess of comparing genomic data in the form of long-read sequences
produced by NGS sequencers like Illumina. In contrast to state-of-
the-art methods, our method is quick and could produce results within
minutes.

4 - Efficient Numerical Methods for the Solution and Pa-
rameter Estimation in Multiscale Models of Hepatitis C
Viral Dynamics
Danny Barash, Alexander Churkin, Vladimir Reinharz,
Stephanie Lewkiewicz, Harel Dahari

Age-structured multiscale models that consider RNA viral replication
have been developed to study viral dynamics. However, they are noto-
riously difficult to solve and when utilizing this type of models parame-
ter estimation presents a challenge. Here, we investigate the numerical
solutions of a multiscale model of hepatitis C virus (HCV) dynamics
during antiviral treatment and compare them with analytical approx-
imations. First, we show that considerable gain in efficiency can be
achieved by using adaptive stepsize methods over fixed stepsize meth-
ods for simulating realistic scenarios when solving multiscale models
numerically. We compare between several numerical schemes that are
suitable and show the benefit of using the Rosenbrock method, an im-
plicit adaptive stepsize method that is both efficient and stable. Second,
we address parameter estimation by constrained optimization and show
that derivative-free methods such as Powell’s constrained optimization
by linear approximation (COBYLA) provides an efficient procedure
for this task.
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1 - Quantifying the required resources for a central sterile
supply department
Theresia van Essen, Guusje Scheijen, Thomas Schneider

Optimizing supply chain management in hospitals can lead to a signif-
icant reduction in costs. One of the supply chain processes that can
be optimized is the sterilization of reusable instruments used during
surgical procedures. This process takes place at the Central Sterile
Supply Department (CSSD) and consists of two main steps, 'wash-
ing and disinfection’ and ’sterilization’. In this research, the aim is to
determine the required resources of the CSSD, while minimizing the
total costs and guaranteeing the availability of instruments for sched-
uled surgeries. The problem is described as a multi-stage hybrid flow
shop with additional constraints to represent the specific characteris-
tics of the CSSD and is proven to be NP-hard. Therefore, a decompo-
sition method is proposed, resulting in three optimization models. The
strategic model takes into account the scheduling of instruments per
day, while the tactical model schedules per day parts, and the opera-
tional models determine a specific point in time. The proposed heuris-
tic approach forms a chain of the models. The best results for the case



EURO 2021 - Athens

MA-39

of Leiden University Medical Center were obtained by setting a min-
imum amount of opening time for the strategic model and using the
resulting machines as input for the tactical model.

Multi-objective optimization for constructing cyclic ap-
pointment schedules for elective and urgent patients
Tine Meersman

The paper studies the construction of a cyclic appointment schedule
in an outpatient department. In particular, we determine the capacity
distribution between elective and urgent patients and the timing of the
time slots reserved for these patients such that the operational waiting
times for elective and urgent patients are minimized. The proposed
solution methodology forms a Pareto set of cyclic appointment sched-
ules based on these waiting times with different capacity allocations to
urgent patients. An approximation of the Pareto set of non-dominated
schedules is obtained using a multi-objective archived simulated an-
nealing heuristic. In order to validate the cyclic appointment schedules
in an accurate manner, we incorporate operational decision-making re-
lated to the scheduling of individual patients. For that purpose, we
simulate the operational variability i.e., the patient arrival, the no-show
behaviour, the patient punctuality and the scan duration, based on real-
life input data. The patients are assigned one-by-one using an online
scheduling rule. Computational experiments have been conducted for
a real-life case study. We compare different appointment scheduling
rules and discuss the impact of the capacity distribution between elec-
tive and urgent patients and the timing of the urgent slots in the cyclic
appointment schedule.

Capacity allocation and appointment scheduling under
service disruption and supply uncertainty
Ka Yuk Carrie Lin

Out-patient services are disrupted by external and internal factors from
time to time, like the pandemic and priorities in manpower alloca-
tion. Rescheduling appointments, cancellations and backlogs are in-
evitable. In the public specialist out-patient clinics in Hong Kong,
additional challenges involve maintaining the service targets in the ur-
gent and semi-urgent categories of new cases based on their waiting
time percentiles. New cases generally take longer consultation time
than follow-up cases, but the latter constituted a large proportion of
total patient attendance in each specialty. In a recent 6-year period in
the three largest specialist services, the increase in demand from new
cases exceeds the actual attendance mainly based on capacity (quota)
allocated. This study proposes an operational strategy of simultaneous
capacity allocation and appointment scheduling for new and follow-up
cases in specialist outpatient clinics over a multi-day planning horizon.
Experiments are designed using sample data collected in the Ophthal-
mology clinic of a major public hospital, data from annual govern-
ment meetings and the hospital website. With the aim of being robust
enough to react to changes, heuristic scheduling rules for adjusting the
capacity, appointment quota between new and follow-up cases, will be
developed. A mixed integer linear programming model is formulated
to provide benchmarks for performance evaluation when information
is known retrospectively.

An appointment scheduling problem for pre-admission
testing with COVID-19 related constraint
Mauro Passacantando, Giuliana Carello, Luca Varesi

Pre-admission testing is a set of medical examinations that a patient
must undergo a few days before surgery to check if the patient can
receive the planned surgery. It is very important to timely plan the pre-
admission appointments, as a delay may delay the surgery, leading to
underutilization of the operating rooms. We consider a pre-admission
testing service where the resources, staff, and rooms for visits, are
shared among several specialties. Many problems arise in managing
a shared pre-admission testing service: the rooms and time slots must
be assigned to the different specialties, the clinician and nurse roster-
ing must be planned, and the appointments must be scheduled. We
focus on the problem of scheduling patients’ appointments throughout
the day. The time slots assigned to the specialties are known as well as
the visits and testing each patient must undergo. Due to the pandemic
situation, a limited number of patients can be simultaneously present
in the hospital. We have to assign an entry time to each patient and

schedule each step of the pre-admission testing procedure, to guaran-
tee that all the patients are visited and the COVID-19 restriction is met.
‘We propose a model-based decomposition heuristic that provides good
results on a set of real-life-based instances.
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Optimal route selection for oversize and heavyweight
cargo transportation considering bridge carrying ca-
pacity

Christian Wankmiiller, Andreas Felsberger, Christian Truden

The transportation of oversize and heavyweight cargoes (OHC) rep-
resents one of the most challenging processes in freight movement,
frequently leading to time-consuming and costly road closures, traffic
congestions and temporary manipulations of the infrastructure. This
sector is gaining massive momentum due to an increase in global trade
volume and a rising demand for specialized items delivery. Among
cost and time-related factors, security and safety issues have top prior-
ity when undertaking OHC transportation on the road. Planning such
transports is complex due to a multitude of criteria that needs to be
evaluated before determining the final transport route. Aside from
physical road characteristics, road turning radius and transportation
corridor widths, the maximum bridge carrying capacity is a safety-
relevant parameter that determines the quality of OHC transports. His-
torical incidents, such as the Genoa bridge collapse in 2018, are neg-
ative examples where poor maintenance along with unqualified plan-
ning and non-compliance to standards and regulations when transport-
ing OHC over routes that include bridge segments. This study takes up
the problem of selecting the optimal route for OHC transportation and
proposes an integer linear model with the objective to minimize road
distance while considering maximum bridge carrying capacities. We
test the model to balance cost, time and safety of OHC transportation
using data of the Austrian highway network.

Biobjective Approaches for Locating a Semi-Desirable
Facility B
Diclehan Tezcaner Oztiirk, Fatma Ersoy

We address the location problem of a semi-desirable facility in a con-
tinuous area. We consider two objectives: minimization of the total
transportation cost between the facility and the demand points, and
minimization of the undesirable effects. We assume that the trans-
portation cost is proportional to the Rectilinear distances between the
facility and the demand points. For the second objective, we minimize
the social cost that is a function of the Euclidean distances between the
facility and the demand points. In our solution approach, we find the
regions in the continuous area that the efficient solutions may lie. We
then approximate the nondominated frontier of each region. Using the
approximated frontiers and the preferences of the decision maker, we
generate the preferred efficient solutions.

Transportation planning for a retail depot aiming to min-
imize total tour cost in a multi-tour vehicle routing prob-
lem; A model and a heuristic solution approach

Behiye Eda Cabuk, Kadir Ertogral

We tackle a multi-tour vehicle routing problem with time windows
where the objective is the minimization of total cost of tours in the
context of a transportation problem for a depot of a retail chain. On a
daily basis, the depot has to decide which retail store’s demand should
be carried in which vehicle and in which tour. The transportation ser-
vice is provided by a third party logistic company. The total cost of a
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plan to the depot is based on the number of tours made by the vehicles.
We have a heterogeneous fleet of vehicles with different capacities and
with different per tour costs. A vehicle can make multiple tours. The
demand for each store is known as the number of pallets every morn-
ing. There is compatibility issue between stores and vehicle types, and
some stores have service time window restriction. We both suggest
a mixed integer programming model for the problem and a heuristic
solution approach since the problem is in NP hard class. The heuris-
tic is a randomized, greedy, constructive type of approach based on
making economically acceptable tours prioritizing the use of larger ca-
pacity vehicles. We show the effectiveness of the heuristic in a set of
problems, both randomly generated and based on a real life case.

The role of dispatching strategy and service frequency
in creating transportation network travel time reliability
Anne Lange, Marion Baumann, Kai Furmans

When travel times are reliable, passengers arrive at their destinations at
the scheduled time. Travel time reliability in transportation networks
is sensitive to transfers at intermediate stations, and the dispatching
strategy (wait for connecting passengers or depart as scheduled) affects
passenger delays. Moreover, the frequency of connecting services will
impact travel time reliability as it implies the waiting time for a missed
connection. Low travel time reliability incentivizes travelers to plan for
an early arrival to ensure on-time arrival - which is a highly inefficient
use of time and thereby a reduction in welfare. Such time buffers will
have an operational cost in business settings. Achieving on-time arrival
in a complex transportation network requires a solid understanding of
the parameters that influence the distribution of travel times.

We develop a mathematical model, which allows us to assess travel
time reliability from a passenger’s point of view as a function of the
types of transfers (network structure), dispatching strategy and service
frequency. We design stylized scenarios to identify structural trade-offs
related to the above parameters.

Our model can be applied to many planning task of transports with
transfers and regular services, such as network-based freight or pas-
senger transportation and multi- / intramodal urban transportation.
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Solving a Sensor Placement Problem in Waste Manage-
ment based on a Vehicle Routing Problem with Detours
Carolina Soares de Morais, Tania Ramos, Daniele Vigo, Ana
Paula Barbosa-Povoa

Waste Management faces inefficient collection and transportation of
solid waste due to an incapacity of accurately allocate the resources to
the waste demand. If sensors are used to communicate the amount of
waste inside the containers, more efficient collection routes can be de-
signed, resulting in a reduction of unnecessary mileage traveled. As the
cost of implementing this technology is still very high, we select a sam-
ple of containers to monitor, considering the investment cost and the
value of information provided by sensors. To decide which containers
to monitor, we use a clustering algorithm to group containers that have
similar filling rates and are located nearby; then, clusters are classified
as remote or non-remote, depending on their collection frequency. The
most representative container within each remote cluster is monitored,
avoiding the cost of traveling long distances unnecessarily. We tackle
this problem as a VRP with detours, where the non-remote containers
are served by a regular route, which is modified to visit remote clus-
ters when needed, based on sensor information. A real-world problem

is solved through our approach, and three scenarios are assessed by
a cost-benefit analysis: 1) no sensors - all containers are visited on a
regular basis; 2) sensors in all containers - containers are visited only
when it is required; 3) a set of containers is monitored - a regular route
is performed and, when it is required, a remote cluster is visited (de-
tour).

A hybrid genetic algorithm for solving rich waste collec-
tion problems

Carolien Lavigne, Dirk Inghels, Wout Dullaert, Reginald
Dewil

This paper presents a Hybrid Genetic Algorithm (HGA) for solving a
large variety of waste collection problems with multiple depots, a re-
striction on the fleet stationed at each depot, multiple (intermediate)
processing facilities, capacity restrictions per processing facility and
partial pick-ups. The HGA first generates satisfactory solutions which
are feasible w.r.t. the shift duration and the vehicle capacity using a
novel procedure in which (1) a giant tour is split into vehicle routes, (2)
intermediate processing facilities are introduced and (3) waste pick-
ups can be split further. Second, the HGA improves these solutions
through local search in which adapted versions of well-known move
operators are combined with move operators found in the partial pick-
up literature. The HGA is compared with an exact approach on a small
example and is tested on existing instance sets for the multiple-depot
vehicle routing problem (MDVRP) and the MDVRP with intermediate
facilities (MDVRPI). The HGA shows competitive results, especially
for MDVRPI instances in which vehicles can leave multiple depots.
The HGA is used to solve a real-life waste collection problem in the
Brussels Capital Region in which alternative scenarios for municipal
bio-waste collection and treatment are compared.

Capacitated Multi Depot Green Vehicle Routing for
Transporting End-of-Life electrical waste
Andreas Higgstrom, Karl-Johan Djervbrant

A comprehensive study is presented of the Capacitated Multi Depot
Green Vehicle Routing Problem (CMDGVRP) applied to a heteroge-
nous fleet of electronic waste collecting vehicles with two objectives:
to reduce the total fuel consumption of the vehicles (environmental
constraint) and to limit the continuous drive-time of the drivers (so-
cial constraint). Research has been limited from this aspect and in
this study the focus is on the practical application of pickup and deliv-
ery of electronic waste. The study also presents results for the online
dynamic routing variant of this problem, where a traffic congestion
appears mid-route. A detailed analysis and parameter optimization
has been done for the local search algorithms, Simulated Annealing,
and Genetic algorithm (GA), along with more advanced variants like
Non-dominated Sorting GA (NSGA 1II), NSGA III, UNSGA III and
Indicator-Based Selection Evolutionary Algorithm (IBEA). Results are
presented from realistic simulation studies on a public dataset, with
varying route lengths and vehicle fleet sizes, along with a real-world
dataset from a waste collection company in Sweden. The results show
that the optimal choice of algorithm depends on the dataset size and if
there is a maximum budget of evaluations or computation time. Realis-
tic problems are solved in a matter of a few seconds given that they are
initiated well. Local search algorithms prove to be very competitive
for large problems and limited computation time budget.

A facility location model to improve e-waste recovery
from households
Nitin Koshta, Sabyasachi Patra

E-waste is the fastest growing solid waste stream having an average
annual growth rate of 4%-5%. The huge amount of e-waste generated
globally, every year, demands effective and efficient waste manage-
ment practices. In the recent past, researchers have made increasing
attempts to understand and improve e-waste management. However,
the prior literate is majorly concentrated on two themes (a) designing
policies, and (b) understanding psychological determinants of peoples’
recycling intention. Moreover, very limited efforts have been made to
strengthen the reverse logistics network to improve e-waste recovery
from households. We propose a multi-objective mixed-integer pro-
gramming model for setting up collection centres for e-waste recovery
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from households to address this issue. The proposed model is justi-
fied and its applicability is demonstrated by taking the case of Delhi.
The study is of importance to the policymakers and decision-makers
engaged in setting up an e-waste recovery network.
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An efficient genetic programming approach to design
priority rules for resource-constrained project schedul-
ing problem

Jingyu Luo, Mario Vanhoucke, José Coelho, Weikang Guo

In recent years, machine learning techniques, especially genetic pro-
gramming (GP), have been a powerful approach for automated de-
sign of the priority rule-heuristics for the resource-constrained project
scheduling problem (RCPSP). However, it requires intensive comput-
ing effort, carefully selected training data, and appropriate assessment
criteria. This research proposes a GP hyper-heuristic method with a du-
plicate removal technique to create new priority rules that outperform
the traditional rules. The experiments have verified the efficiency of
the proposed algorithm as compared to the conventional GP approach.
Furthermore, the impact of the training data selection and fitness eval-
uation has also been investigated. The results show that a compact
training set can provide good output, and existing evaluation methods
are all usable for evolving efficient priority rules. The priority rules
designed by the proposed approach are tested on extensive existing
datasets and newly generated large projects with more than 1,000 ac-
tivities. To achieve better performance on small-sized projects, we also
develop a method to combine rules as efficient ensembles. Computa-
tional comparisons between GP-designed rules and traditional priority
rules indicate the superiority and generalization capability of the pro-
posed GP algorithm in solving the RCPSP.

Ranking components of the branch-and-bound proce-
dure for the resource-constrained project scheduling
problem via machine learning

Weikang Guo, Mario Vanhoucke, José Coelho, Jingyu Luo

The branch-and-bound (B&B) procedure can be used to find the op-
timal solution for the resource-constrained project scheduling prob-
lem (RCPSP). Various components have been assembled into a uni-
fied search algorithm to select the best performing bounds, including
branching schemes, search strategies, and dominance rules. However,
due to high computational time, the B&B method is only suitable for
small-size problems. Moreover, preference information regarding the
performance of different components is often not available.

In this research, we introduce a structured prediction approach to learn
amapping from project indicators to a ranking over a given set of com-
ponents of the B&B method for the RCPSP. The objective is to rank
different components used in the procedure to obtain the best possible
LB/UB within a reasonable time. An extensive computational exper-
iment is set up to verify the performance of the introduced prediction
model and the impact of different components of the B&B method on
the benchmark dataset. The experiments indicate that the proposed
prediction model outperforms any single component. Further, we also
analyze the robustness of the model on subsets with different number
of activities.

3-

On the resource-constrained project scheduling prob-
lem with categorical and hierarchical skills
Jakob Snauwaert, Mario Vanhoucke

This research focuses on the multi-skilled resource-constrained project
scheduling problem, further abbreviated as MSRCPSP, with categori-
cal and hierarchical skills. Categorical skills represent the degree of
multi-skilledness of the resources. Since the resources need specific
categorical skills to work on an activity, categorical skills introduce
an assignment restriction to the problem. But due to the fact that a
resource can possess multiple skills, categorical skills also generate
more assignment flexibility. The hierarchical skills express the degree
of mastered skill experience or proficiency of the resources. The im-
pact of hierarchical skills on the project scheduling problem can be
manifold. In this research, we set out several different consequences
of hierarchical skills, some of which have already been studied in the
multi-skilled project scheduling literature, such as task restriction or
resource efficiency, and some of which are entirely new to this prob-
lem, such as commodity usage and resource attunement. Moreover, we
present mathematical formulations for each of these extensions to be
able to solve the problems and explain their inherent similarities and
differences. The computational experiments are conducted on problem
instances derived from real-world data, to assess the performance of
these formulations.

A theoretical framework for instance complexity of the
resource-constrained project scheduling problem
Rob Van Eynde, Mario Vanhoucke

The resource-constrained project scheduling problem (RCPSP) ad-
dresses the problem of constructing a schedule with minimum
makespan for a set of activities, subject to precedence and resource
constraints. Recent research introduced a dataset with small instances
that cannot be solved by the state-of-the-art exact algorithms, revealing
a gap in our understanding of instance complexity. We propose a new
theoretical framework for the instance complexity for the RCPSP, con-
secutively incorporating precedence constraints, resource constraints
and activity durations. Our approach contributes to the existing knowl-
edge base in two ways. First, it is independent from solution algo-
rithms, which enables generalizable conclusions. Second, the theo-
retical perspective enables a deeper understanding of the drivers of
instance complexity. The discriminative and predictive power of our
approach is validated with a series of computational experiments. Fur-
thermore, the results suggest that completely different solution proce-
dures will be required to solve the most difficult instances.
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Chronic patients’ adherence to therapy: Sensitivity to
patients’ time preferences by Markov decision process
Hakan Kili¢, Evrim Didem Gunes

Chronic patients’ non-adherence to therapy leads to suboptimal health
outcomes and a heavy burden to the healthcare system. In their deci-
sion to adhere to therapy, it is expected that patients weigh immediate
gains against delayed gains, e.g., a patient may consider dieting to re-
sult in health gains which are so much delayed that it is not worth to
forgo the indulgence of not dieting. We investigate such problems the-
oretically by modelling it as a Markov decision process (MDP), where
the actions are to adhere to therapy or not. Our main focus is to un-
derstand how a patient’s time preferences, i.e., discounting behaviour,
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affects her adherence to therapy. To that end, discrete time infinite
horizon MDPs with discounted expected total reward maximization
are studied to estimate how the magnitude of the discount factor (d)
reflecting exponential discounting influences the optimal policy. We
show monotone optimal policy in & under sufficient conditions. The
delay-discounting literature generally considers hyperbolic discount-
ing. Therefore, quasi-hyperbolic discounting (3, 8) which models
present-biased naive decision makers is also investigated. We present a
method to solve infinite horizon Markov decision processes with quasi-
hyperbolic discounting. Then, we demonstrate monotone optimal pol-
icy in d and in 8 under sufficient conditions. Furthermore, under quasi-
hyperbolic discounting, the effect of & on optimal policy is compared
against the effect of .

2 - Multi-channel chronic patient care in a performance-
based reimbursement framework
A. Mete Ozbek, Hessam Bavafa, Evrim Didem Gunes, E.
Lerzan Ormeci

We model and analyze the Comprehensive Primary Care Plus (CPC+)
reimbursement system that was recently introduced by the Centers for
Medicare & Medicaid Services. Our model includes a primary care
practice (PCP) as a profit-oriented service provider with limited ca-
pacity. PCP employs multiple channels of care in handling demand
of patients with chronic conditions to maximize its revenue in the ex-
istence of additional financial incentives. We analyze the operational
decisions of the PCP, in particular the panel size and time allocated
to different channels, under CPC+ and investigate conditions under
which CPC+ could encourage the PCP to improve the quality of care
for chronic patients.

3 - Arobust framework with dynamic reassignments for the
home health care nurse-to-patient assignment with con-
tinuity of care
Giuliana Carello, Lucia Galperti, Ettore Lanzarone

A major challenge in managing Home Health Care services is to ensure
continuity of care despite uncertain patients’ evolutions when assign-
ing nurses to patients. Providers face the trade-off between reassigning
patients to balance workloads, and keeping the assignments to guar-
antee continuity of care. A possible solution could be to solve the
problem for a long planning horizon, to provide the assignments of
nurses to all patients, and to periodically rediscuss the assignments
when the actual demands are known for those patients who accept
a weaker continuity of care. We consider a nurse-to-patient assign-
ment problem where patients require three different capacity of care
levels. We propose an approach that addresses uncertain and time-
correlated requests for visits, and dynamic assignments. The long-
term assignments are provided by solving a robust model through the
Implementor-Adversary approach, to include time-correlation in the
uncertainty set of patients’ requests for visits. We provide two for-
mulations for the problem, with either constant or increasing overtime
cost. The Adversarial problem aims at building the requests realiza-
tions that maximize the costs while selecting the short-term assign-
ments that minimize them. It turns out the be a challenging problem;
thus, we provide three heuristic approaches to speed up the process.
The framework has been applied to realistic instances, and the results
confirm the effectiveness of the approach.
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An Efficient Neighborhood Search for the Tool Indexing
Problem with Tool Duplications

Deepti Mohan, Diptesh Ghosh

Automated machining centers are a critical part of modern manufac-
turing facilities such as automobile and aircraft part manufacturing.
Such centers feature automatic tool changers for enabling computer-
ized tool changeovers. Tool changing times form a significant portion
of the non-machining (dead) time in job processing. Hence minimiza-
tion of tool changing time by optimally arranging tools in the pockets
of the tool magazine is crucial in achieving profitable operation. This
is known as the tool indexing problem and is a quadratic assignment
problem. Exact solution methods often fail to obtain optimal solutions
for practical size problems in a reasonable time. We look at tool index-
ing problem with tool duplications where multiple copies of each tool
are allowed in the tool magazine. For this problem, evaluating the ob-
jective function for a given arrangement itself is a stand-alone problem
as it requires constructing a network and solving for the shortest path
problem in the network. Hence this is a computationally challenging
problem. We propose an efficient approach for updating the objective
function value during the neighborhood search and further exploit the
problem characteristics to develop an efficient neighborhood search for
the problem.

Assessment of the environmental and economic impact
of the production process of carbon-nanostructures for
lime-based mortars for cultural heritage interventions
Nikolaos Alexopoulos, Anastasios Gialos, Vasileios
Zeimpekis, Aggeliki Dimou, Ioannis Frezoulis, Christina
Charalampidou, Dimitrios Gournis, Michael Karakassides,
George Asimakopoulos, Zoi Metaxa, loannis Karatasios

The unchecked outflow of Green House Gas has led the industries to
consider the environmental impact as one of the most important fac-
tors during the development of new production processes and new
materials. Production cost is also a factor that companies take into
consideration during new product development. Lime-based mortars
have been extensively used for restoration interventions in Cultural
Heritage Monuments and have successfully addressed different per-
formance and compatibility requirements. Recently, different carbon-
based nanostructures have been efficiently incorporated in the material
matrix so as the restoration material to obtain additional functions, i.e.,
the ability for self-monitoring. Nevertheless, the manufacturing in-
dustries of such materials are typical providers of emitted greenhouse
gases in the atmosphere and therefore, cost efficient manufacturing
processes and materials with low carbon footprint emissions during
their life cycle are essentially needed. The aim of the present article
is to investigate the environmental and economic impact in the pro-
duction process of carbon-nanostructures that will be afterwards incor-
porated to the restoration material. We present a comparison among
five novel modified processes of carbon nanostructures targeted to the
specific application in laboratory scale, in terms of manufacturing cost
according to the Activity Based Costing methodology, lead processing
time and CO2eq emissions according to the PAS2050 standard.

Simulation based optimization for maintenance strate-
gies using Altarica 3.0
Selma Khebbache, Michel Batteux

The maintenance of industrial production systems is one of the major
actual challenges, and the management of their maintenances is an im-
portant competitiveness factor. In fact a suitable maintenance strategy
increases the system availability, and decreases costs due to interven-
tions. Different kinds of maintenance policies can be used: corrective
ones to repair the system after failures, preventive ones to maintain the
system before failure. Based on a system case study, this work is a con-
tribution to the field of simulation-based optimisation of maintenance
strategies. The goal is to plan preventive maintenances according to
two objectives: system availability and cost minimisation. Stochas-
tic Discrete Event Simulation model was developed using Altarica 3.0
tool and connected to a Multi-objective optimisation algorithm (NS-
GAII). Both simulation and optimization modules interact with each
other according to an iterative loop. The optimization combines statis-
tics, coming from previous iteration, and the NSGAII algorithm pro-
vide to the simulation a new set of parameters for the model (the dates
of maintenances), then the outputs of the simulation are performed in a
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new iteration. The experiments show that the NSGAII based approach
achieved the best results although the computation time was relatively
high and give more flexibility to the decision maker and give a trade-off
between the two objectives.
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Visualizations of discrete equiangular spirals based on
similar metallic ratios using Pythagorean theorem and
weighted Fibonacci sequences

Shingo Nakanishi

We can investigate several discrete spirals based on Pythagorean the-
orem and weighted Fibonacci sequences using similar metallic ratios.
First, we can propose that some Archimedean or Equiangular spirals
by Pythagorean theorem are shown by multiples of slopes of integrals
of cumulative distribution function of standardized Laplace-Gaussian
distribution. Moreover, the summations of areas of the largest square
and the smallest square, that is equal to the twice of the area of the
square which is estimated by the hypotenuse based on Pythagorean
theorem, are illustrated as the orbit of the spiral of Theodorus. Second,
we can visualize the two important combinations about right triangles
by Kepler to create the Archimedean spirals or the Equiangular spirals.
‘We can understand that there could be truly divine proportion on the
Cartesian coordinates. Third, if we think of the series of Kepler trian-
gles, we can also show you the sequence of Pythagorean theorem based
on Fibonacci sequence. From this viewpoint, we can find the weighted
Fibonacci sequences about the other similar metallic ratios. To show
that, we can calculate the matrices by weighted Fibonacci sequences
and these characteristic equations to get eigen values of these matrices.
Therefore, we can estimate the eigen values according to various sim-
ilar metallic ratios. These are shown as the important numbers m and
1-m. the number m multiplied by the number m-1 is the same order
about the similar metallic ratios.

A Robust Longitudinal Model for Song Popularity: A
Cross-Cultural Study
Enis Kayis, Ahmet Cimen

Usage of new generation music streaming platforms such as Spotify
and Apple Music has increased rapidly in the last years. Prediction of
a song’s popularity is valuable for these firms which in turn translates
into higher customer satisfaction thanks to more effective recommen-
dation systems. In this study, we develop a mathematical model to
study longitudinal data on song popularity that is designed to be ro-
bust across time. The tradeoff between robustness and information
gain is controlled via the mathematical model. We investigate the ef-
fect of several acoustic and artist related features as well as temporal
ones using a dataset that includes individual song’s temporal streams
and as well as acoustic features of the songs. The results across dif-
ferent countries are compared to analyze how the determinants of song
popularity differ across cultures.
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Simulation-based design analysis of multi-period incen-
tive schemes
Sascha Hiégele, Alexander Baumeister

To prevent short-term suboptimization, companies are increasingly us-
ing long-term manager compensation plans. Opportunistic behavior
by managers manifests itself e. g. in book or real accounting poli-
cies. However, the optimal design of multi-period incentive systems
is not in the core of principal-agent literature. Therefore, a paramet-
ric multi-period decision support is presented, that is simulation-based
on different long-term incentives to avoid opportunistic managerial be-
havior. Purely positive incentives such as share-based compensation
are used as reference case. They are compared to instruments, that
tend to create a more symmetric risk situation with partial loss partic-
ipation, such as bonus banks and clawback. The modeling is based
on a stochastic stock price development according to the geometric
Brownian motion as well as a stochastic project success. Due to the
complexity, a simulation analysis is used. As one surprising result it is
not always advantageous for principals to prevent opportunistic actions
of agents due to increasing agency costs. In addition, the benefits of
the various methods used in practice vary widely.

A mixed truck and robot delivery approach for the daily
supply of customers
Manuel Ostermeier, Andreas Heimfarth, Alexander Hiibner

Innovative last-mile logistics solutions are needed to reduce delivery
costs, traffic congestion, and pollution in cities. A promising concept
in this context are truck-and-robot systems, as they enable significant
cost and traffic reduction compared to classic truck deliveries. The sys-
tem relies on small autonomous delivery robots to cover the last meters
to a customer. Existing truck-and-robot concepts to date consider home
deliveries by robots, while trucks are only used to transport robots and
not for deliveries. This assumption disregards the fact that regular truck
deliveries are still needed for some delivery requests, such as for the
delivery of bulky items, or for customers who do not accept robots.

Our research addresses this issue and proposes a mixed truck and robot
delivery concept in which both robots and the delivery truck can visit
customers. Our tailored solution approach is based on a General Vari-
able Neighborhood Search that efficiently solves the routing problem
and outperforms existing truck-and-robot routing algorithms. The nu-
merical experiments show that this approach enables cost reductions of
up to 43% compared to classical truck deliveries and up to 22% com-
pared to a truck-and-robot system that does not allow deliveries by both
truck and robots on the same tour. Further analyses reveal additional
benefits of such mixed tours and the robustness of our approach for
different problem settings.

Anticipatory Order Picking
Son Tran, Christof Defryn, Rui Jorge Almeida

Order picking describes the process of retrieving a set of products from
a warehouse in response to newly incoming customer orders. Deter-
ministic order picking models assume all customer orders to be known
at the beginning of the planning horizon. As a result, the application
of such models in a dynamic environment is limited to a reactive strat-
egy and ad-hoc decision-making each time new information becomes
available.
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To mitigate demand uncertainty and improve the efficiency of the
picking operations, we explore the idea of anticipatory order picking
(AOP). In AOP, expected (but uncertain) customer orders are consid-
ered when planning and executing order picking activities. In contrast
to the confirmed orders, these expected orders - if picked - are stored
in a small buffer zone close to the packing and/or labeling station from
which they can be retrieved with very limited travel time.

Extensive simulation experiments revealed the following advantages.
First, AOP can provide a better workload balance by relocating peak
hour orders during preceding, off-peak time intervals. Second, by pick-
ing orders at a time when their marginal travel cost is low, the total
travel time and distance are reduced as well as the overall amount of
traffic in the warehouse. Third, by better utilizing the pickers’ working
time, the picking of all confirmed orders can complete earlier.
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1- Smart Products: Liability, Investments in Product
Safety, and the Timing of Market Introduction
Herbert Dawid, Gerd Muehlheusser

We analyze the role of product liability for the emergence and devel-
opment of smart products such as autonomous vehicles (AVs). We
develop, and calibrate to the U.S. car market, a dynamic model where
a (monopolistic) innovator chooses safety stock investments, the tim-
ing of market introduction, and the product price. Inducing higher
long-term product safety through a strict (partial) liability rule reduces
short-term safety investments and slows down AV market penetration.
By contrast, negligence-based liability fosters initial investments with-
out hampering long-term product safety. However, too stringent lia-
bility might forestall investments in the development of AVs and their
market introduction.

2 - On Sufficient Optimality Conditions for Infinite Horizon
Optimal Control Problems
Anton Belyakov

We consider the Seierstad sufficiency theorem in comparison with the
Mangasarian and Arrow sufficiency theorems for optimal control prob-
lems with infinite time horizon. Both finite and infinite values of the
objective functional are allowed, since the concepts of overtaking and
weakly overtaking optimality are implied. We extend the conditions
under which the Seierstad sufficiency theorem can be applied and pro-
vide appropriate examples. The sufficient conditions are shown to be
both necessary and sufficient when the Hamiltonian is linear with re-
spect to state and control. We obtain a new form of sufficient optimal-
ity conditions in the case when the Hamiltonian is neither concave nor
differentiable with respect to control.

3 - The structure of optimal solutions for harvesting a re-
newable resource
Dmitry Gromov, Thorsten Upmann

In this contribution we consider the problem of optimal harvesting a
renewable resource, whose dynamics are governed by a logistic dif-
ferential equation and the payoff is proportional to the amount of the
harvested resource. We consider both the finite and infinite horizon
cases and analyze the structure of the optimal solutions depending on
the values of system parameters. It is shown that the optimal control
profile can have one of three shapes: 1) maximal harvesting effort un-
til the resource depletes, 2) zero harvesting during the initial interval
(whose duration is determined by the system parameters and the initial
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amount of the resource) and a subsequent switch to maximal harvest-
ing effort, and 3) a so-called singular solution that corresponds to an
intermediate value of the harvesting effort. The latter scenario realizes
only for the infinite horizon case and corresponds to a particular com-
bination of system parameters. In contrast to the former two scenarios,
the singular solution corresponds to a sustainable harvesting strategy
as it does not lead to complete depletion of the resource. We charac-
terize the conditions under which the singular solution is optimal and
present suggestions for designing optimal and sustainable harvesting
strategy.

The work of D. Gromov was supported by the Russian Science Foun-
dation (project no. 17-11-01093).

4 - Abnormal Solutions in Reputation Accumulation Prob-
lems and Marketing
Andrea Seidl, Gustav Feichtinger, Dieter Grass, Richard
Hartl, Peter M. Kort

In the past, abnormal solutions were considered as sign of degener-
acy and as not particularly important for relevant applications. In the
present talk, we show that this is not the case. In particular, we discuss
abnormality in context of marketing and reputation accumulation prob-
lems. We find that abnormality can be related to history dependence
and occur just due to a simple constraint on the control that makes it
impossible to direct the state into a favourable direction. We discuss
in this context the concept of a stalling equilibrium where a decision
maker has to exert maximum efforts to prevent an unfavourable long
run outcome.
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1- Models and Solution Methods for Stochastic Vehicle
Routing Problems
Alexandre Florio

This thesis investigates what is known in the transportation literature as
stochastic vehicle routing problems (SVRPs). SVRPs arise whenever
vehicle routes must be planned, but the full setting where routing is to
take place is not known with certainty. The first studied problem is a
new SVRP variant, in which the availability of customers for receiving
deliveries is uncertain. This new SVRP is motivated by attended home
delivery, in particular, the delivery of e-commerce orders.

Next, the focus becomes the classical vehicle routing problem with
stochastic demands (VRPSD). The problem is regarded under a priori
optimization and optimal restocking. The first contribution is a mixed-
integer linear model for the single-vehicle version, which allows solv-
ing exactly small problem instances. In addition, a heuristic method to
find good quality solutions in larger instances is proposed.

The VRPSD with multiple vehicles is then extensively studied. First,
a state-of-the-art branch-price-and-cut algorithm for the VRPSD is in-
troduced. This is the first method that is able to solve instances with
few customers per vehicle, which are the most relevant instances con-
cerning the value of stochastic solution. Following that, the VRPSD is
considered under probabilistic duration constraints instead of the usual
capacity-based constraints. These alternate constraints are more re-
alistic whenever routes must finish within some prescribed time limit
(e.g., due to working hours regulations). Under this new set of con-
straints, the VRPSD becomes considerably more difficult. The prob-
lem is solved exactly for the first time by a novel branch-and-price
algorithm, which combines different strategies for evaluating route fea-
sibility.
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The last contribution is a Bayesian model for the VRPSD with pos-
itively correlated demands, along with an optimal restocking policy
for this case. This is an important step towards addressing one of the
current challenges in stochastic routing: developing models and algo-
rithms that can handle statistical dependence among uncertain param-
eters.

Set Packing, Location and Related Problems
Mercedes Pelegrin

This work is a study on discrete location and set packing, and their
application to different domains. In the first part, set packing for-
mulations are investigated. Set packing problems are a paradigmatic
example within Combinatorial Optimization, and have applications in
many subfields, including Locational Analysis. The thesis proposes
and studies two new variants of a well-known discrete location prob-
lem, which are formulated as set packings. The second part is de-
voted to different combinatorial problems arising in a wide range of
disciplines—namely, Computational Biology, Cartography, and Net-
work Analysis—, which are related to discrete location and set pack-
ing.

The first part of the dissertation focuses on the polyhedral study of set
packing models. An emphasis is placed on deriving valid inequalities,
facets and lifting techniques, together with the computational tools that
allow to exploit these theoretical results. The main goal is to obtain bet-
ter mathematical programming formulations for set packing problems.
Another objective is to study new discrete location problems arising
when additional constraints are considered on user allocation. This part
of the dissertation can be divided into three blocks. The first of them
concerns general aspects of set packing, including the proof of a new
theorem for facet lifting. The other two study particular instances of
the set packing arising in the context of Locational Analysis. Namely,
two novel variants of the Uncapacitated Facility Location Problem,
also known as Simple Plant Location Problem (SPLP), are proposed
and studied. More precisely, two previously overlooked scenarios of
the SPLP are introduced, namely when users cannot be served by the
same center, or when double assignment is considered and some pairs
of users must be assigned to the same facility. The common method-
ology to derive new valid inequalities and facets for these two variants
is completed by implementing separation algorithms that allow to in-
corporate the new inequalities to standard solution techniques. Our
computational experience demonstrate the practical relevance of the
devised inequalities and algorithms, achieving a significant improve-
ment when compared to a commercial solver or alternative formula-
tions.

The second part of the thesis exposes the interplay between Locational
Analysis and other disciplines, and aims at the study of combinatorial
problems of these disciplines that are related to the first part. These
are haplotyping of diploid organisms, optimal map design, and iden-
tification of key members in social networks. For each of these prob-
lems, mathematical programming formulations are proposed, possible
enhancements are studied, tailored algorithms are designed and im-
plemented, and computational tests are conducted. The methodology
would be that customary for this kind of approaches, including propos-
ing decision variables and constraints to model the problem— which is
in our case a non-trivial step—, deriving valid inequalities to improve
the resulting formulation and possible comparison with other exist-
ing models. Furthermore, specific solving techniques are implemented
when needed.

In the context of haplotype phasing, we study root graph reconstruc-
tion from the graph that encodes genetic consistency relations between
a set of individuals. This reconstruction sometimes requires overlook-
ing some of the consistency relations, that is, deleting some edges of
the mentioned graph. The combinatorial problem is then to decide
which edges to delete so that the root graph reconstruction is allowed
while the graph encoding consistency relations is altered as little as
possible. Our main contribution consists of disclosing the connec-
tion between this problem and the discrete location problems of the
first part, and proposing several alternative formulations and different
families of valid inequalities for the problem. We explore the relation
between formulations and provide both theoretical and computational
comparative analysis.

On the other hand, the main goal when tackling map labeling is the
automatic design of less ambiguous maps. Different models are pro-

posed, which are inspired by ordered median problems in the context of
Locational Analysis. The effectiveness of the proposed formulations is
validated through computational tests on maps of the Region of Murcia
in Spain. The readability of our solutions significantly improves that
of the solutions obtained with other existing models.

Finally, the study of key nodes in a network focuses on adapting the
eigenvector centrality measure to the problem of group relevance. Sim-
ilarly to p-median models, nodes are clustered and each cluster is as-
signed to the same median, i.e. the most relevant node. In our ap-
proach, eigenvector computation is embedded in the clustering proce-
dure. As a result, a mathematical formulation that uncovers the group
of key nodes together with their communities is proposed. Model-
ing this idea with mathematical optimization variables involves highly
non-linear equations, which are linearised to produce a mixed-integer
linear programming formulation for the problem. Experiments on real-
life networks of small size show interesting results that reveal previ-
ously unnoticed key members. Our computational experience on larger
synthetic networks demonstrates an adequate scalability of the method,
which is able to find optimal solutions for networks of hundreds of
nodes and thousands of links.
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Accepting Defective Products and Renegotiating in Col-
laborative Product Development
Sara Rezaee Vessal, Timofey Shalpegin

‘We model a two-stage collaborative development process involving a
buyer and a supplier in which the buyer can accept an underperforming
product after the first stage. This leads to renegotiation in the second
stage of product development. We explore the effect of the bargaining
power on the development efforts.

Risk aversion in one-sided matching
Tom Demeulemeester, Dries Goossens, Ben Hermans, Roel
Leus

Inspired by real-world applications such as the assignment of pupils to
schools, the one-sided matching problem studies how a set of agents
can be assigned to a set of objects when the agents have preferences
over the objects, but not vice versa. For fairness reasons, most mech-
anisms use randomness, and therefore result in a probabilistic assign-
ment. We study the problem of decomposing these probabilistic as-
signments into a weighted sum of ex-post (Pareto-)efficient matchings,
while maximizing the worst-case number of assigned agents. This de-
composition preserves all the assignments’ desirable properties, most
notably strategy-proofness. For a specific class of probabilistic assign-
ments, including the assignment by the Probabilistic Serial mecha-
nism, we propose a polynomial-time algorithm for this problem that
obtains a decomposition in which all matchings assign at least the
expected number of assigned agents by the probabilistic assignment,
rounded down, thus achieving the theoretically best possible guarantee.
For general probabilistic assignments, the problem becomes NP-hard.
For the Random Serial Dictatorship (RSD) mechanism, we show that
the worst-case number of assigned agents by RSD is at least half of the
optimal, and that this bound is asymptotically tight. Lastly, we propose
a column generation framework for the introduced problem, which we
evaluate both on randomly generated data, and on real-world school
choice data from the Belgian cities Antwerp and Ghent.

Learning dynamics against fake news
Alberto Pinto, José Martins

Inspired in Daley-Kendall and Goffman-Newill models, we propose an
Ignorant-Believer-Unbeliever rumor (or fake-news) spreading model
with the following characteristics: (i) a network contact between the
individuals that determine the spread of the rumors; (ii) a value (ben-
efits versus costs) for the individuals who search for truthful informa-
tion (learning); (iii) an impact measure that assess the risk of believing
on the rumor; (iv) an individual search strategy (or learning strategy)
based on the probability that an individual searches for truthful infor-
mation; (v) a population search strategy based on the proportion of
individuals of the population who decide to search for truthful infor-
mation; (vi) a payoff for the individuals that depends on the parameters
of the model and the strategies of the individuals. Furthermore, we
introduce the evolutionary information search dynamics (or learning
dynamics) and study the dynamics of the population search strategies.
For each value of searching for information, we compute the evolution-
ary stable information search strategies (occurring in non-cooperative
environments) that are the attractors of the information search dynam-
ics; and the optimal information search strategy (occurring in, even-
tually forced, cooperative environments) that maximizes the expected
information payoff of the population. For rumors that are advantageous

or harmful to the population (positive or negative impact), we show the
existence of distinct scenarios
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Logic-based Benders Decomposition for Flexible Job
Shop Scheduling with Sequence-Dependent Setup
Times

Carla Juvin, Laurent Houssin, Pierre Lopez

The flexible job shop scheduling problem with sequence-dependent
setup times is considered. In job shop scheduling, a set of jobs is to be
scheduled on a set of machines and each job consists of a set of oper-
ations processed following a given route. In the flexible version, each
operation can be processed on any machine of a given set. Setup times
occur between operations of different jobs sharing the same machine.
Several indicators may be considered to measure the performance of
a schedule, among makespan, total completion time, total tardiness.
A logic-based Benders decomposition approach is proposed to solve
the problems under consideration. It consists in dividing the problem
into a machine assignment master problem and a classical job shop
scheduling subproblem. Mixed-integer programming is used to solve
the master problem while the subproblem is tackled by constraint pro-
gramming. Computational experiments based on benchmark problem
instances are reported.

The makespan service level in the stochastic flexible
job-shop scheduling problem

Mario Flores Gomez, Stéphane Dauzere-Peres, Valeria
Borodin

Classical scheduling problems assume processing times as certain. In
real life, this is often not the case as several factors can induce vari-
ability in the duration of activities. This talk considers the flexible job-
shop scheduling problem with stochastic processing times, represented
by independent random variables with known parameters. Contrary to
expectation-based criteria widely used to take decisions under uncer-
tainty, the probability of the makespan to be smaller than a predefined
value, called makespan service level, is maximized. The stochastic
flexible-job shop scheduling is solved by an efficient Tabu Search com-
bined with a Monte Carlo sampling method to handle the makespan
probabilistic constraint. Computational experiments are conducted on
extended versions of benchmark instances. The numerical results il-
lustrate the impact of key characteristics of the approach and show the
relevance of the makespan service level when compared with other
criteria of the literature. Perspectives to extend both the proposed ap-
proach and the optimization criterion are also discussed.

Time-critical testing and search problems
Ben Hermans, Alessandro Agnetis, Roel Leus, Salim Rostami

In this talk, we introduce a problem in which the state of a system needs
to be determined through costly tests of its components by a limited
number of testing units and before a given deadline. We also consider
a closely related search problem in which there are multiple searchers
to find a target before a given deadline. These natural generalizations
of the classical sequential testing problem and search problem are ap-
plicable in a wide range of time-critical operations such as machine
maintenance, diagnosing a patient, and new product development. We
show that both problems are NP-hard, develop a pseudo-polynomial
dynamic program for the special case of two time slots, and describe a
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partial-order-based as well as an assignment-based mixed integer pro-
gram for the general case. Based on extensive computational experi-
ments, we find that the assignment-based formulation performs better
than the partial-order-based formulation for the testing variant, but that
this is the other way round for the search variant. Finally, we propose a
pairwise-interchange-based local search procedure and show that, em-
pirically, it performs very well in finding near-optimal solutions.
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1- Management of uncertainty in disassembly systems
based on stochastic programming
M.-Lounes Bentaha

Unlike assembly systems disassembly ones are characterized by a pres-
ence of both several sources of uncertainty and high level of this latter.
The main uncertainty sources include demand uncertainty, high vari-
ety of end-of-life product quality states, uncertainty of task process-
ing times and presence of hazardous material in the end-of-life prod-
ucts. To guarantee disassembly system efficiency the decision maker
has to tackle with these uncertainties at the strategic level (system de-
sign), tactical level (system reconfiguration, workload balancing) and
operational level (operations scheduling). It is shown in this work
that the decision maker can reach such required efficiency in handling
disassembly uncertainty by using a stochastic programming based ap-
proach. Stochastic programming is particularly used here to model and
optimize disassembly systems at the strategic and tactical levels.

2 - A new algorithm for influence maximization
Elisenda Molina, Juan Tejada, Juan Vidal-Puga

Collective action sometimes seems to spring up overnight. However,
it is well known that these phenomena do not emerge spontaneously,
but are forged through a social network that facilitates the exchange of
information and the formation of opinions among individuals. Such
processes usually start with a few individuals and gradually spread
through the social network and may (eventually) reach a much larger
number of individuals. Therefore, it is a fundamental issue, given a so-
cial network, to be able to efficiently select groups of network members
to initiate the propagation of such collective action. Since the seminal
work of Kempe et al. (2003), in which the basic stochastic models of
diffusion and the influence maximization problem are formally intro-
duced, this problem has been extensively analyzed and many heuris-
tics have been proposed to tackle it. In this setting, the single discount
heuristics (DDH) of Cheng et al. (2009), which has been designed for
independent and homogeneous cascade models, results to be an effi-
cient and simple heuristic that can be used as a starting point of other
more sophisticated procedures. We propose a generalization of the
DDH to no homogeneous cascades, to be used in combination with a
more demanding heuristic, which we called Stochastic Deep Search,
based on approximating every agent’s influence over every other agent
in the network.

3 - ProjectManagement: an R package for managing
projects
Juan Carlos Gongalves, Ignacio Garcia-Jurado, Julian Costa

Project management is an important body of knowledge and practices
that comprises the planning, organisation and control of resources to
achieve one or more pre-determined objectives. In this presentation,
we introduce ProjectManagement, a new R package that provides the
necessary tools to manage projects in a broad sense, and illustrate its
use by examples.
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1 - Parallel batching with multi-size jobs
Elena Rener, Alessandro Druetto, Erica Pastore

Parallel batch scheduling has many applications in the industrial sec-
tor, such as material and chemical treatments, components creation
through mold or additive manufacturing, and so on. The number of
jobs that can be processed on a machine mostly depends on the shape
and dimension of the jobs and of the machine. Literature provides
many researches on the topic with several batching criteria however,
to the authors knowledge, there is no study that considers batching
jobs with multiple size constraints. The work investigates this prob-
lem, by considering that the batch capacity cannot exceed the sum of
sizes of the jobs composing it, for each dimension (e.g., height and
volume). A solution to the problem is generated by a column gener-
ation based heuristic. The heuristic first generates a set of the most
promising batches through column generation by exploiting dynamic
programming for the pricing procedure; then an integer optimal solu-
tion is built with the commercial solver CPLEX. The algorithm is fur-
ther improved with a variable fixing procedure that speeds up the inte-
ger solution generation. Experiments are run on instances with several
combinations of parameters and results show the impact of the num-
ber and type of sizes on computational times and quality of solutions.
Some considerations are extended to the problem that also considers
incompatible job families.

N
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Mixed Integer Programming Equilibria
Gabriele Dragotto, Andrea Lodi

From a high-level perspective, the subject of this talk encompasses
two areas of research: Mixed-Integer Programming (MIP) and Al-
gorithmic Game Theory (AGT). We aim to investigate the essential
questions concerning the nature of equilibria for games where (i) the
feasible sets of players involve mixed-integer programming sets (e.g.,
integer programming games) or (ii) an equilibrium can be computed
using MIP. Such problems extend to a multi-agent setting the typical
family of tasks of the operations research community, for instance, lo-
gistics, matching, scheduling, tactical decision making. Within this
context, we present some results on the complexity of computing equi-
libria, some algorithmic ideas, and a new class of valid inequalities. We
strongly believe the joint endeavor between AGT and MIP can widen
their theoretical understanding and practical impact. Finally, we hope
to show how equilibria concepts may provide fair and socially benefi-
cial solutions by being integrated with consolidated resource allocation
problems.

3 - On computing Pure Nash Equilibria for the two-player
Knapsack Game and Potential Integer Programming
Games
Rosario Scatamacchia, Gabriele Dragotto

We consider the two-player Knapsack Game, a non-cooperative and
simultaneous Integer Programming Game where two players select
items from a common set of items. The selection of an item by a player
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impacts (negatively or positively) the initial profit of that item for the
other player. Thus, given the choices of a player, the other player solves
a classic 0/1 Knapsack Problem. Under reasonable assumptions on the
input data, we show that the game admits a potential function and so
has at least one Pure Nash Equilibrium (PNE). We derive a Mixed In-
teger Linear Programming formulation to compute the PNE that maxi-
mizes the potential function. Then, among all possible pure equilibria,
we are interested in finding the best PNE for a certain measure of inter-
est (in particular, we consider the social welfare). To accomplish this
task, we propose an enumerative solution approach that combines tools
from Integer Programming and Dynamic Programming with concepts
from game theory such as the best response dynamics. We also discuss
some theoretical aspects of the problem and extensions to other Integer
Programming Games with potential functions.
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Side effects of gamification in the context of participa-
tory modeling

Elena Bakhanova, Alexey Voinov, Jaime Garcia, William
Rafte

Modeling with stakeholders is one of the collaborative approaches for
analysis and decision-making on complex problems. While developing
a model together, the participants gain a shared and more in-depth un-
derstanding of the problem, however, group interaction and the overall
engagement in the process might be challenging. There is an extensive
literature on game design (e.g., serious games, management simula-
tors and etc.) that addresses some of the challenges in the context of
group learning. In most of the cases either positive or neutral effects
were observed, and little attention was given to the possible side ef-
fects or unintended consequences of gamified activity. It is important
to consider such effects in group settings because different people re-
act in various ways to the overall idea of gamification as well as to the
motivational drivers behind the game elements. For example, the risk
associated with age or status of participants can become real during the
gamified modeling session if senior participants do not feel comfort-
able interacting with high-tech solutions or not willing to be involved
in an activity that is perceived as unserious. Another anticipated risk
is connected to a rewards system that, on the one hand, encourages
participation with points but, on the other hand, can demotivate those
who are not succeeding. In our research we review some of the main
gamification approaches used in participatory settings and propose pre-
cautions for using them.

Design Gaming for Learning Systems Intelligence in
Socio-Emotional Systems

Esa Saarinen, Raimo P, Himiildinen, J. Tuomas Harviainen,
Kata-Riikka Kumpulainen

The tradition of systems thinking games, such as the well-known Beer
Game, has focused on the the understanding of dynamics of physical
processes. Yet, we also need to have tools to understand the typically
invisible complex socio-emotional dynamics of groups and organiza-
tions. To address these by systems thinking the concept of Systems
Intelligence (SI) was introduced by Saarinen and Haméldinen in 2004.
SI refers to intelligent behavior in the context of complex systems in-
volving interaction and feedback, such as organizations. One can eval-
uate her competence in SI by the SI test. We used the test to design

a card game to learn SI and to make improvements in people’s behav-
ior in socio-technical settings. This gamification approach was tested
in the field in an extensive intervention study aiming to improve the
everyday practice of early childhood professionals. The results sug-
gest that the game sessions did indeed have a positive impact on the
participants’ engagement towards conversation, increased shared con-
sciousness and made teams’ decision processes more efficient. The
digital version of the SI card game offers further possibilities to sup-
port groups whose members are based in distributed locations, which
is an increasing trend today in many industries and often the reality
in environmental management. Socio-emotional dynamics also play a
key role in group problem solving and participatory decision making
and new tools to help stakeholder engagement are needed

Gamified information on objectives: Is learning and
range sensitivity of the elicited weight improved?
Alice H. Aubert, Judit Lienert

Gamification and serious games (GSG) are increasingly used in com-
plex multi-objective multi-stakeholder decision processes. In partic-
ipatory environmental modelling, role-playing simulation games are
rather common, but there is a lack of approaches to include stakeholder
preferences. GSG should improve participants’ experience, and factual
and normative learning. The benefits of GSG are yet to be backed with
systematic assessment. We will introduce an online gamified interface
to inform on objectives to consider when deciding about wastewater
management. We designed it based on state-of-the-art gamification lit-
erature. We hypothesized that through gamification, learning will im-
prove, and therefore the ranges of objectives will be better considered
during weight elicitation in Multi-Criteria Decision Analysis (MCDA).
We report on a between participant experiment involving 174 students,
split into four treatments (given the two varying factors: gamification
vs. no gamification, and original vs. manipulated range). We will
present the systematic assessment procedure. We assess whether the
online gamified interface effectively (1) improved learning facts, (2)
assisted preference construction based on the provided ranges, and (3)
provided a positive experience. While gamification was more enter-
taining than the control treatment, unfortunately, the range insensitivity
bias was not overcome, possibly because learning was not increased.
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An algorithm of regularization of linear Copositive Prob-
lems
Tatiana Tchemisova, Olga Kostyukova

The idea of regularization appears quite naturally and consists of trans-
forming a given optimization problem to an equivalent form where a
certain regularity condition is satisfied and therefore the strong duality
holds. In the talk, we will describe for these problems a minimal face
regularization approach suggested by J.M. Borwein and H. Wolkowicz,
and a regularization approach of H. Waki and M. Muramatsu which is
based on the facial reduction approach. After, we will present a new
regularization algorithm Reg-LCoP, which is based on a new concept
of immobile indices suggested in our study of semi-infinite, semidefi-
nite, and copositive problems. We compare algorithm Reg-LCoP with
algorithms based on the facial reduction approach and prove that being
applied to linear copositive problems, the approach based on the immo-
bile indices permits us to formulate the regularized problem explicitly,
and hence the algorithm is more constructive.
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2 - Copositivity detection using a DNN decomposition
Paula Amaral, Immanuel Bomze

In this talk we present an algorithm that is based on the decomposi-
tion of a matrix in the doubly non-negative cone. The optimization
problems that correspond to the copositivity certificate is a quadratic
optimization that can be reformulated as a fractional program. Using
conic relaxation and an heuristic approach lower and upper bounds can
be obtained for this problem and used as a certificate for copositivty/
no copositivity Dimensionality reduction techniques as also reported
We test this approach with a collection of test problems.

3 - On Standard Quadratic Programs with Exact and Inex-
act Doubly Nonnegative Relaxations
Yakup Gorkem Gokmen, E. Alper Yildirim

The problem of minimizing a (nonconvex) quadratic form over the unit
simplex, referred to as a standard quadratic program, admits an exact
convex conic formulation over the computationally intractable cone of
completely positive matrices. Replacing the intractable cone in this
formulation by the larger but tractable cone of doubly nonnegative ma-
trices, i.e., the cone of positive semidefinite and componentwise non-
negative matrices, one obtains the so-called doubly nonnegative relax-
ation, whose optimal value yields a lower bound on that of the original
problem. We present a full algebraic characterization of the set of in-
stances of standard quadratic programs that admit an exact doubly non-
negative relaxation. This characterization yields an algorithmic recipe
for constructing such an instance. In addition, we explicitly identify
three families of instances for which the doubly nonnegative relaxation
is exact. We establish several relations between the so-called convex-
ity graph of an instance and the tightness of the doubly nonnegative
relaxation. We also provide an algebraic characterization of the set of
instances for which the doubly nonnegative relaxation has a positive
gap and show how to construct such an instance using this characteri-
zation.

4 - An Alternative Perspective on Copositive and Convex
Relaxations of Nonconvex Quadratic Programs
E. Alper Yildirim

We study convex relaxations of nonconvex quadratic programs. We
identify a family of so-called feasibility preserving convex relaxations,
which includes the well-known copositive and doubly nonnegative re-
laxations, with the property that the convex relaxation is feasible if
and only if the nonconvex quadratic program is feasible. We observe
that each convex relaxation in this family implicitly induces a convex
underestimator of the objective function on the feasible region of the
quadratic program. This alternative perspective on convex relaxations
enables us to establish several useful properties of the corresponding
convex underestimators. In particular, if the recession cone of the fea-
sible region of the quadratic program does not contain any directions
of negative curvature, we show that the convex underestimator aris-
ing from the copositive relaxation is precisely the convex envelope of
the objective function of the quadratic program, strengthening Burer’s
well-known result on the exactness of the copositive relaxation in the
case of nonconvex quadratic programs. We also present an algorithmic
recipe for constructing instances of quadratic programs with a finite
optimal value but an unbounded relaxation for a rather large family of
convex relaxations including the doubly nonnegative relaxation.
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Large-scale Derivative-free Optimization Using Sub-
space Methods
Lindon Roberts, Coralia Cartis

In existing techniques for model-based derivative-free optimization,
the computational cost of constructing local models and Lagrange
polynomials can be high. As a result, these algorithms are not as suit-
able for large-scale problems as derivative-based methods. In this talk,
I will discuss a model-based derivative-free algorithm based on ex-
ploration of random subspaces, its worst-case complexity bounds, and
some numerical results.

Dimensionality Reduction Techniques for Global Opti-
mization Via Random Subspace Embeddings
Adilet Otemissov, Coralia Cartis, Estelle Massart

In an attempt to improve the scalability of global optimization prob-
lems, we propose a general random subspace algorithmic framework,
which tackles the (high-dimensional) global optimization problem
by repeatedly and possibly adaptively solving reduced subproblems
with the domains restricted to be along randomly embedded low-
dimensional subspaces. We analyse the convergence of the proposed
framework for Lipschitz continuous functions using tools from conic
integral geometry and random matrix theory. We then particularise the
framework and analysis for the class of functions with low effective di-
mensionality, which are constant along an (unknown) linear subspace
and only vary over the effective (complement) subspace. We show that
for these functions the convergence could potentially be exponentially
better and that, under certain assumptions, it does not depend on the
ambient dimension. Our numerical experiments on functions with low
effective dimensionality illustrate two things: 1) the improved scalabil-
ity of the framework when coupled with state-of-the-art global — and
even local — optimization solvers for the subproblems 2) the ability of
the framework to effectively estimate the (initially unknown) effective
dimensionality of the objective function.

Performance Improvement Strategies in Direct Search
for Multiobjective Optimization
Carmo Bras, Sérgio Tavares, Ana Luisa Custodio

Direct Search has been successfully used in multiobjective optimiza-
tion, allowing to compute good quality approximations to the complete
Pareto front of a given problem, for local and global derivative-free op-
timization. These algorithms have a well-supported convergence anal-
ysis and have proved to be competitive with other classes of multiob-
jective optimization solvers, not only in academic test sets, but also in
real applications.

The algorithmic structure of a direct search method is organized in a
search step and a poll step, performed after the selection of an itera-
tion center. Different strategies can be used for this center selection,
and parallel approaches can allow the selection of more than one itera-
tion center at a time. Minimizers of surrogate models, built by reusing
points already evaluated, can also enhance the numerical performance
of these methods.

In this work, we detail the previous strategies and present numerical
results that support their value, both in an academic test set and in a
chemical engineering application.

Using First-order Information in Direct MultiSearch
Ana Luisa Custodio, Roberto Andreani, Marcos Raydan

Derivatives are an important tool for single-objective optimization. In
fact, it is commonly accepted that derivative-based methods present
a better performance than derivative-free optimization approaches. In
this work, we will start by showing that the same does not apply to
multiobjective derivative-based optimization, when the goal is to com-
pute an approximation to the complete Pareto front of a given problem.

The competitiveness of Direct MultiSearch (DMS), a robust and
efficient derivative-free optimization algorithm, will be stated for
derivative-based multiobjective optimization problems. Derivatives
will then be used to prune the positive spanning sets considered at the
poll step of the algorithm, highlighting the role that ascent directions,
that conform to the geometry of the nearby feasible region, can have
when computing approximations to the entire Pareto front of a given
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multiobjective optimization problem. This new variant of DMS, which
prunes the poll set of directions, but that at some iterations considers
its enrichment with ascent directions, shows to be competitive not only
with derivative-based solvers but also with the original implementation
of DMS.
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From particle swarm optimization to consensus based
optimization: stochastic modeling and mean-field limit
Sara Grassi

In this talk we will introduce a continuous description based on
stochastic differential equations of the popular particle swarm opti-
mization (PSO) process for solving global optimization problems and
derive in the large particle limit the corresponding mean-field approx-
imation based on Vlasov-Fokker-Planck-type equations. The disad-
vantage of memory effects induced by the need to store the local best
position is overcome by the introduction of an additional differential
equation describing the evolution of the local best. A regularization
process for the global best permits to formally derive the respective
mean-field description. Subsequently, under a small inertia limit, we
consider the related macroscopic hydrodynamic equations that clar-
ify the relationship with the recently introduced consensus based op-
timization (CBO) methods. With several numerical examples we will
illustrate the mean field process, the small inertia limit and the poten-
tial of this general class of global optimization methods. This is a joint
work with L.Pareschi.

Derivative-free Bayesian inversion using multiscale dy-
namics
Urbain Vaes

Inverse problems are ubiquitous because they formalize the integration
of data with mathematical models. In many scientific applications the
forward model is expensive to evaluate, and adjoint computations are
difficult to employ; in this setting derivative-free methods which in-
volve a small number of forward model evaluations are an attractive
proposition. Ensemble Kalman based interacting particle systems (and
variants such as consensus based and unscented Kalman approaches)
have proven empirically successful in this context, but suffer from the
fact that they cannot be systematically refined to return the true solu-
tion, except in the setting of linear forward models. In this presen-
tation, we propose a new derivative-free approach to Bayesian inver-
sion, which may be employed for posterior sampling or for maximum
a posteriori (MAP) estimation, and may be systematically refined. The
method relies on a fast/slow system of stochastic differential equations
(SDEs) for the local approximation of the gradient of the log-likelihood
appearing in a Langevin diffusion. Furthermore the method may be
preconditioned by use of information from ensemble Kalman based
methods (and variants), providing a methodology which leverages the
documented advantages of those methods, whilst also being provably
refineable. We define the methodology, highlighting its flexibility and
many variants, provide a theoretical analysis of the proposed approach,
and demonstrate its efficacy numerically.

Recent advances in consensus-based global optimiza-
tion

Claudia Totzeck

In this talk we give an overview of recent advances in the context of

consensus-based global optimization schemes. Since the publication
of the original scheme many variants were proposed to improve the

performance for high-dimensional problems as for example arising in
machine learning. Other variants enlarge the scope of applications by
incorporating constraints or global best information. The talk aims to
be an introduction into the topic of the session.

Consensus-based optimization methods converge
globally in mean-field law
Massimo Fornasier

In this talk we review consensus-based optimization (CBO), which is
a metaheuristic derivative-free optimization method that can globally
minimize nonconvex nonsmooth functions and is amenable to theo-
retical analysis. Based on an experimentally supported intuition that
CBO performs a gradient descent on the convex envelope of a given
objective, we show a novel technique for proving the convergence to
the global minimizer in mean-field law for a rich class of objective
functions. Our results unveil internal mechanisms of CBO that are
responsible for the success of the method. Furthermore, we improve
prior analyses by requiring minimal assumptions about the initializa-
tion of the method and by covering objectives that are merely locally
Lipschitz continuous. As a by-product of our analysis, we establish a
quantitative nonasymptotic Laplace principle, which may be of inde-
pendent interest.
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Multicriteria Crypto Portfolio optimization based on
preference rules, expected return and risk measure
Audrius Kabasinskas, Kristina Sutiene, Milos Kopa, Karel
Kozmik

This paper introduces multicriteria crypto portfolio optimization prob-
lem based on preference rules, expected return and risk measure.
Many researches suggest that crypto-currencies nowadays are ex-
tremely volatile, risky and potentially profitable instruments for in-
vestment. Moreover, they usually are treated as separate class of as-
sets and require special analytical techniques. Stochastic dominance
preference rules based on empirical, skewed textitt, NIG, hyperbolic
and $alpha$-stable probability distributions are developed and incor-
porated into portfolio optimization problem. Moreover, various multi-
criteria decision making techniques are used to test the robustness of
model proposed.

Robust approaches
stochastic dominance
Karel Kozmik, Milos Kopa

in portfolio optimization with

We use modern approach of stochastic dominance in portfolio opti-
mization, where we want the portfolio to dominate a benchmark. Since
the distribution of returns is often just estimated from data, we look for
the worst distribution that differs from empirical distribution at maxi-
mum by a predefined value. First, we define in what sense the distribu-
tion is the worst for stochastic dominance. We derive a reformulation
for robust second order stochastic dominance and find the worst case
distribution as the optimal solution of a non-linear optimization prob-
lem. Then we derive programs to maximize an objective function over
the weights of the portfolio with robust stochastic dominance in con-
straints. We consider robustness in returns for second order stochastic
dominance. We apply all the derived optimization programs to real
life data, specifically to returns of assets captured by Dow Jones In-
dustrial Average, and we analyze the problems in detail using optimal
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solutions of the optimization programs with multiple setups. The port-
folios calculated using robustness in returns turned out to outperform
the classical approach without robustness in an out-of-sample analysis.

3 - Coupled and Decoupled Stochastic Dominance Induced
by Multistage Quadratic Optimization
Maria Merino, Unai Aldasoro

Stochastic Dominance is a prominent risk averse functional in stochas-
tic optimization that aims to reduce the right tails in minimization
problems. Most of the existing strategies in this context consider lin-
ear function models. However, many real world applications such
as production planning, scheduling and engineering include quadratic
terms. We present two novel approaches for the incursion of quadratic
terms based on Expected Conditional Stochastic Dominance mea-
sures. First, a combined mixed linear-quadratic dominance labelled
Coupled Stochastic Dominance. Second, a component-wise sepa-
rated dominance labelled Decoupled Stochastic Dominance. The re-
sulting quadratically constrained mixed-integer multistage stochastic
quadratic problems are computationally expensive and the state-of-
the-art solvers are not competitive. A primal decomposition based
matheuristic algorithm is proposed. A pilot case is used to illustrate
the risk analysis and validate the proposed algorithm efficiency.

4 - Multistage stochastic dominance: an application to
pension fund management
Milos Kopa, Sebastiano Vitali, Vittorio Moriggia

A pension fund manager typically decides the allocation of the pen-
sion fund assets looking for a long-term sustainability. Many Asset
and Liability Management models in the form of multistage stochastic
programming problem have been proposed to help the pension fund
manager to define the optimal allocation given a multi-objective func-
tion. The recent literature proposes univariate stochastic dominance
constraints to guarantee that the optimal strategy is able to stochasti-
cally dominate a benchmark portfolio. In this work we extend previ-
ous results (i) considering alternative types of multivariate stochastic
dominance that appear more suitable in a multistage framework, (ii)
proposing a way to measure the economic cost of introducing stochas-
tic dominance constraints, (iii) proposing a sort of augmented stochas-
tic dominance through a safety margin. Numerical results show the
difference between the alternative ways to interpret and apply the mul-
tivariate stochastic dominance. These results are evaluated thanks to
the proposed economic cost of the stochastic dominance constraints
and either in presence or not of a safety margin.
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1- Risk Assessment and Optimal Scheduling for Serial
Projects
Zixuan Zhang, Michail Chronopoulos, Dimitrina Dimitrova,
Ioannis Kyriakou

The deregulation of many industries and the increasingly uncertain
economic environment have made project scheduling a particularly
challenging task and increased the need for techniques that facilitate
efficient risk management. Therefore, in this paper, we take the per-
spective of a private firm that contemplates the capacity expansion of
an existing project in discrete stages, and develop a framework for: i.
assessing the risk of multi-staged capacity expansion; and ii. optimis-
ing the sequence of stages. Assuming that the duration of each stage

follows a general probability distribution and that the firm faces out-
put price uncertainty, we derive the distribution of the project’s present
value (PV), as well as risk measures, such as value at risk (VaR) and
conditional VaR (CVaR). Thus, we analyse the impact of duration vari-
ability on the VaR and CVaR of the project’s PV and demonstrate its
implications for the stochastic project scheduling problem. Addition-
ally, we analyse the trade-off between expected PV maximisation and
risk minimisation under different sequences of stages, thereby deriving
the optimal sequence for both risk-neutral and risk-averse investors.
Contrary to the existing literature, results indicate that both the du-
ration variability of each stage and attitudes toward risk can have a
significant impact on the optimal schedule of a serial project, and, in-
terestingly, that a higher duration variability is not necessarily harmful,
even for risk-averse investors.

Decision making with incomplete preferences: How
omitting objectives affects identifying the most promis-
ing alternative

Sara Abdeen, Florian Methling, Riidiger von Nitzsch

Research has shown that decision makers omit a significant number of
their objectives when making a decision. As a result, several methods
have been proposed to help decision makers generate a more complete
set of objectives. This study builds on these efforts. It examines the
question of how an incomplete set of objectives affects identifying the
most promising alternative. We answer this question using a unique
dataset of 945 high-quality decisions. These decisions were devel-
oped by students using the decision-skills and training tool entschei-
dungsnavi.de/en. The tool guides students in a step-by-step process
and supports high quality decisions by using value-based thinking,
multi-attribute utility theory, and debiasing methods throughout the
process. We found that omitting objectives significantly reduces the
chances of identifying the most promising alternative. Neglecting only
one objective is sufficient to mislead more than one in four decisions.
The analysis of the relative weights of the objectives shows that it
is particularly important to identify objectives of higher preferences.
Thus, these results demonstrate the importance of methods and studies
that support decision makers to identify their personal objectives.

The implementation of the multicriteria analysis in the
location of the investments.

Vasiliki Charalampidou

In the current pandemic emergency and post-economic crisis period,
the expansion of factors and their optimal combination aimed at re-
structuring the production base is the most serious challenge in Greece.
By reviewing the recent trends in spatial planning and redefining the
conceptual arrangement, the research question is how investments are
located and whether they take full advantage of the available resources
or not. Consequently, the objective is to develop a multi-criteria
method that is used to identify and select the appropriate investment lo-
cation based on certain criteria that are weighted differently depending
on the type of investment. The application of multi-criteria method-
ology (AHP) in two case studies, existing and proposed investment,
evaluated in terms of their alternative locations. The conclusions were
properly drawn by analysing the way of influence of stakeholders such
as central government, investors and local community in the planning
process. The final siting decision requires several other decisions in
which the opinions of the above groups of stakeholders must be ad-
equately considered. Thus, the developed methodology can be used
by and for all, focusing on the planning criteria and their prioritisa-
tion. For further research, the process and conditions under which
other Southern Mediterranean countries locate their investments could
be explored.

Assessment and Improvement Undergraduate Educa-
tion Environment Satisfactory Development Quality
Vivien Y.C. Chen

The increase in the competitiveness of a globalized university educa-
tion inevitably forces universities to re-examine the evaluation of the
teaching and learning equipment, space environment, and the faculty
and software capabilities of hardware and software, in order to increase
its competitiveness in the global undergraduate education environment.
However, a successful undergraduate education environment depends
on the development of appropriate systems. Unlike previous multiple
attributes decision-making (MADM) methods that assume the criteria
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are independent, we propose a novel hybrid model, combining a Deci-
sion Making Trial and Evaluation Laboratory (DEMATEL) and Ana-
lytical Network Process (ANP) method called DANP, which addresses
the dependent relationships between the various criteria to better re-
flect the real-world situation. At the same time, instead of ranking the
alternatives, we apply a modified grey relation method to select and
improve the criterion-gaps to the aspiration levels. To demonstrate the
usefulness and effectiveness of the proposed model, we use data from
a China university.
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Demand Management for Attended Home Deliveries - A
Literature Review

Katrin Wallmuth, Charlotte Kohler, Niels Agatz, Moritz
Fleischmann

With the continuing boom in e-commerce and the growing number of
online ordering options, home delivery services are becoming increas-
ingly more important. A particular challenge from a logistics perspec-
tive are attended home deliveries, which require the customer to be
present when the purchased goods are delivered. For these types of
deliveries, the retailer and customer usually agree on a specific time
window for order delivery. Carefully matching fulfillment capacity
and demand is important to ensure cost-efficient and reliable delivery
operations. We define demand management in the context of attended
home delivery as the assortment planning of the offered delivery ser-
vice during the booking process to achieve operational efficiency while
meeting service requirements. In this presentation, we introduce de-
mand management concepts and differentiate them according to their
service offering and pricing levers, as well as to the decision sequence
with respect to the fulfillment process. We provide an overview of the
current state of research in this area and group and review the literature
according to this framework. We also provide insights into established
and innovative delivery services in practice. Finally, we discuss re-
search gaps and future directions for demand management in delivery
services.

Dynamic Time Slot Management with Uncertain Basket
Sizes
Liana van der Hagen, Niels Agatz, Remy Spliet

Online grocery retailers typically let customers choose a delivery time
slot to receive their groceries. To provide a reliable delivery service,
the retailer wants to only accept customer orders that are feasible given
the fulfillment capacity (i.e., vehicles). At the same time, e-grocers of-
ten let customer already reserve a time slot before they have filled their
order basket. This leads to uncertainty about the required capacity
when evaluating the feasibility of a certain time slot offering. To add
to this uncertainty, many e-grocers allow customers to change their or-
der basket at any time before the cut-off time. Time slots that were
feasible at the time of order placement, may later become infeasible.
Consequently, it may happen that the capacity turns out to be insuffi-
cient to fulfill all accepted orders during the time slots chosen by the
customers. We study the impact of this uncertainty on the delivery
schedule for the final set of orders. Additionally, we study the effect of
different strategies to deal with this uncertainty.

The Value of Data in Home Delivery
Charlotte Kohler, Jan Fabian Ehmke, Ann Campbell

Home delivery services require the attendance of the customer during
delivery. Hence, retailers and customers mutually agree on a delivery

time window in the booking process. In this presentation, we inves-
tigate the value of historical booking data in the decision of whether
to accept a customer request for a particular time window in an on-
line booking process to maximize the retailer’s profit. We propose a
sampling approach to assess the impact of the current request on route
efficiency and the ability to accept future requests to increase the re-
tailer’s profit. In particular, we introduce an approach to determine the
amount and form of booking data that is most beneficial in the retailer’s
acceptance decision. We apply these techniques to data from an online
grocer in Germany.
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Geometric multidimensional scaling for multidimen-
sional data visualization
Gintautas Dzemyda, Martynas Sabaliauskas

Data visualization is an integral part of data science along with statis-
tics, pattern recognition, machine learning, artificial intelligence, and
data mining. Multidimensional scaling (MDS) is one of the most pop-
ular methods for dimensionality reduction and visual representation of
multidimensional data for human decision. MDS minimizes multiex-
tremal stress function, dependent on coordinates of data points in a
lower dimensionality. A new idea (Geometric MDS) has been discov-
ered to minimize the stress so that the step size and direction forward
the minimum of the stress function are found analytically without ref-
erence to the analytical expression of the stress function, numerical
evaluation of its derivatives and the linear search. It is proved that the
direction coincides with the steepest descent direction, and the analyt-
ically found step size ensures almost the optimal step in this direction.
The discovered option to minimize the stress function is examined, in-
cluding the global minimization of the stress. According to the exper-
iments, Geometric MDS gives better results as the stress minimization
using majorization (SMACOF version of MDS). The advantage of Ge-
ometric MDS is that it uses the simplest stress function, and there is no
need for its normalization depending on the number of data points and
the scale of proximities. This research has received funding from the
Research Council of Lithuania (LMTLT), agreement No S-MIP-20-19.

Redundancy in big data: towards a trade-off between
convergence and performance
Christian Colot

The explosion of digital data has led to very promising opportunities
to leverage it for decision-making. However, a key challenge is to deal
with the redundancy issue that might arise among extracted features.
This redundancy might indeed lead to select a sub optimal model and
also to slow down the convergence of the algorithm. In the present
empirical study, we compare the performance of a recent variation of
Random Forest namely Essence Random Forest to Gradient Boosting
for churn prediction within a telephone company. In particular, this
case study includes multiple extracted features from unstructured data
with a high level of redundancy. Our results highlight that, without any
time constraint, Gradient Boosting reaches a higher classification per-
formance. However, Essence Random converges approximately four
times faster than Gradient Boosting to its best performance. Notably,
the latter method overtakes the former after 2.7 times the time needed
for Essence Random Forest to offer its best result. Overall, these re-
sults indicate that the choice of the algorithm depends on the impor-
tance of time in the context. What is more, a hybrid combination of
both algorithms might be considered as future work as the key mecha-
nism behind Essence Random Forest i.e. a weighted random sampling
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of features according to redundancy might be implemented in Gradi-
ent Boosting. This hybrid combination might potentially speed up the
convergence of Gradient Boosting.

A machine learning approach to verify the effectiveness
of multi-parameter evolutionary optimization algorithms
Christos-Georgios Xanthopoulos, Pantelis Lappas, Manolis
Kritikos

Evolutionary optimization algorithms are biologically-inspired and
population-based meta-heuristic algorithms for solving NP-hard prob-
lems in a reasonable computation time. Algorithms such as the Genetic
Algorithm aim at combining population initialization methods, parent
selection, crossover and mutation operators to find near-optimal solu-
tions. In general, the operators and the values related to several param-
eters such as the crossover percentage, the population size, the number
of generations and so on should be carefully picked to produce reliable,
fast, and close-optimal results. In addition to this, as the size of the
dataset is increased, there is no a unique combination of operators and
parameters’ values that can guarantee the quality of the results. The
purpose of this work is to model the stochastic nature of evolutionary
optimization algorithms by applying machine learning algorithms and
data science practices. Computational results obtained are explored in
depth so as to recognize patterns and determine how the selection of
parameters and operators affects the quality of computational results.
Several datasets for the Travelling Salesman Problem, as well as a list
of many operators will be used to verify the effectiveness of the Ge-
netic Algorithm, whereas several graphical presentation formats will
be provided to convey meaningful insights into the problem.

Improved Anomaly Scoring for Anomaly Detection Us-
ing Auto Encoder based Unsupervised Learning from
Unlabeled Data

Cheolsoon Park, Jun-Geol Baek

Auto encoder is one of the most popular methods of unsupervised deep
learning in anomaly detection. Auto encoder utilizes the reconstruc-
tion error of the given input as an anomaly score for anomaly detec-
tion. This assumes that reconstruction error of abnormal sample is
larger than normal sample. However, this assumption has a problem
under the following conditions: 1) Unsupervised learning is required
from unlabeled data, 2) Train data includes both normal and abnor-
mal samples, 3) Given sufficient learning capacity and time, abnormal
samples can also be generalized. In this case, as abnormal samples be-
come generalized, reconstruction errors of abnormal samples decrease.
As a result, it becomes difficult to distinguish between normality and
anomaly. To overcome this problem, this paper proposes an improved
anomaly scoring method, which not only makes a clear distinction be-
tween normality and anomaly but also improve accuracy of anomaly
score. This improved anomaly score reflects reconstruction error not
from the early stopped epoch but from all trained epochs. Several ex-
periments on image data demonstrate that the proposed method over-
comes the problem and increases capability to detect anomaly using
auto encoder based unsupervised learning from unlabeled data.
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Advantages of maximizing minimum range approach to
the interval weight estimation under a crisp pairwise
comparison matrix

Shigeaki Innan, Masahiro Inuiguchi

In the Analytic Hierarchy Process (AHP), the geometric mean (GM)
method and the eigenvalue (EV) method are widely used for weight es-
timation. Those are based on minimization of errors. On one hand, the
interval AHP estimating interval weights is proposed from the view-
point that human evaluation is vague. The original interval weight es-
timation method by minimizing the sum of widths fails to express the
vagueness of decision maker’s evaluation. Recently, the maximizing
minimum range (MMR) approach proposed for obtaining wider esti-
mated interval weights. As MMR approach is a meta method, it is used
under any evaluation function of interval weights. MMR approach is
useful for estimating widths when center values are estimated by GM
and EV methods. We call those G-MMR and E-MMR. Advantages
of G-MMR and E-MMR over other interval weight estimation method
and GM and EV methods in ranking alternatives are shown when in-
terval weights express well the decision maker’s evaluation. However,
it was not clear whether the MMR approach to the width estimation
works better than the simple application of the evaluation function of
interval weights. In this study, we demonstrate the superiority of the
MMR approach to the width estimation against the simple application
of the evaluation function. We show that advantages of G-MMR and
E-MMR are remarkable when total scores of alternatives are similar.
The experimental results show that the sum of widths performs better
than the sum of deviations.

Decision Analysis with Non-unique Solutions in Interval
AHP
Masahiro Inuiguchi, Akiko Hayashi, Shigeaki Innan

The Analytic Hierarchy Process (AHP) is well used decision tool un-
der multiple criteria, providing a method for estimating criteria weights
from a pairwise comparison matrix (PCM). The PCM given by a
decision-maker is often inconsistent. In this approach, inconsistencies
are considered errors, and weights are estimated as real numbers by
minimizing the sum of errors. On one hand, in the interval AHP, incon-
sistencies are supposed to come from human vague evaluations, and
normalized interval weights are estimated from a PCM. However, it is
known that the most appropriate normalized interval weights are not
determined uniquely due to the weakness of the normality condition of
interval weights. This non-uniqueness has been resolved by imposing
an additional condition, the sum of center values is one. In this paper,
we propose a method for decision analysis fully considering the non-
uniqueness. In the approach, two uncertainties should be treated: one
is the imprecision expressed by normalized interval weights and the
other is the ambiguity coming from the non-uniqueness of the solution
of the estimation problem. We apply the robust analysis for ranking
alternatives. As this approach is too passive, we propose an active
approach treating the imprecision of normalized interval weights by
maximin principle and the ambiguity from non-uniqueness by para-
metric analysis. We show a simple algorithm for finding break-even
points between alternatives and an example.

A Fuzzy AHP approach to prioritize factors affecting
Collaboration among stakeholders of a public-private
partnership
Amit Gupta

Purpose: This paper presents decision making model for prioritizing
the factors influencing collaboration among the partners of public-
private partnership in a public hospital outsourcing radiology services.
The success of PPP in radiology setup is dependent on collaboration
among physicians-hospital-vendor triad. PPPs are complex to man-
age; there is demonstrable need for structured collaboration. Method-
ology: This study applies detailed triangular Fuzzy AHP process as
MCDM tool. Collaboration is the goal and ten factors affecting col-
laboration are considered as criteria. The factors are Contribution,
Functional Interaction, Integration, Feedback Mechanism, Objective,
Performance, Commitment fulfillment, Transparency, Opportunism,
and Control mechanism. Ten experts filled questionnaires for doing
pair-wise comparison. Normalized weights to each factor from each
respondent were calculated. A final normalized ranking was derived
by taking an average of individual weights by all the experts. Value:
Identification of the factors affecting collaboration; extending Fuzzy
AHP in healthcare; assignment of preferential rankings to various fac-
tors; establishing inputs for making a successful PPP Findings: "Per-
formance" rated most important factor, highlighting the relevance of
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designing economically viable project. "Opportunism" rated least im-
portant as shirking responsibilities and taking undue advantage of sit-
uations is not really expected at such levels.
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Forest ecosystem management integrating spatial opti-
mization - an approach in Portugal.

Liliana Ferreira, Alexandra Baptista, Miguel Constantino,
Isabel Martins, Susete Marques, Jose Borges, Vladimir
Bushenkov

Ecosystem management planning demand for innovative decision sup-
port tools and represent a challenge to researchers and stakeholders.
This research aims at presenting models as part of an integrated ap-
proach that may be used into decision support methods and tools to
help stakeholders select forest ecosystem management plans and cor-
responding ecosystem services and products to be marketed. This re-
search intends to present mixed integer programming models that will
provide decision spaces for further multicriteria analysis. Spatial op-
timization is considered through the incorporation of concerns about
wildfire resistance or constraints on clearcut and core area or vege-
tation patches that are relevant to biodiversity. To perform trade-offs
analysis between forest-based products and services Pareto frontier ap-
proaches are used. This research is applied to the Zona de Intervengdo
Florestal (ZIF) de Paiva and de Entre-Douro e Sousa (ZIF_VS) that is
located in northwestern Portugal.

A risk-based approach to econonomic viability of
baseload gas-fired power plants in an energy transition
scenario: a study case for Brazil

Catharina Hollauer

The Brazilian Electricity Sector has undergone for considerable re-
forms and advanced significantly on energy procurement policies, aim-
ing to ensure energy security and reliability for consumers, at reason-
able costs. Attracting investments to the sector plays a decisive role
and, in the Brazilian Power Sector, it was done by introducing electric-
ity bidding mechanisms to simulate a competitive contracting environ-
ment with rules and conditions that enable risk mitigation and stable
return guarantee. Through the auction bidding mechanism agents tend
to assume higher risks in exchange for higher revenue. Therefore, a
better understanding of the intrinsic risks in the project and parameters
setting brings valuable information to the power purchase agreement
contract. On an environment where natural gas arises as a highly attrac-
tive energy source, combined-cycle and gas-fired power plants become
an efficient option to guarantee energy supply, especially during peak
load hours on electricity markets with high penetration of renewable
energy sources. The study intends to present a study case in the brazil-
ian power sector, as a look into the future for many other countries,
pointing out the potential constraints and effects that could be faced
due to renewable energy penetration growth. Therefore, the article de-
velops a study case, for a base load gas-fired power plant, analyzing
the influence of the auction parameters setup on long term contracts
incentives considering Brazilian

Multi-objective supply chain optimization in personal-
ized healthcare

Andrea Bernardi, Niki Triantafyllou, Thanasis Antonakoudis,
Matthew Lakelin, Nilay Shah, Maria Papathanasiou

Chimeric Antigen Receptor (CAR) T cell therapies utilize T cells taken
from a patient’s blood and engineered to express the Chimeric Antigen
Receptor (CAR), which make them capable of targeting cancer cells
[1]. To date, four commercial products have been approved by the U.S.
Food and Drug Administration (FDA) and three of them are also ap-
proved by the European Medicines Agency (EMA) [2]. Unlike batch
produced pharmaceuticals, CAR T cell therapies use patient cells as
the raw material and this translates into manufacturing lines and distri-
bution nodes occupied by a single therapy, posing hurdles to the design
of robust and responsive networks. The predicted rise of patient num-
ber, and the short shelf-life of these therapeutics pose additional chal-
lenges in coordinating manufacturing, storage and distribution [3]. In
this work, we present a Mixed Integer Linear Programming model for
the optimal design of a supply chain network under different demand
scenarios. The problem is formulated as multi-objective optimization
aiming to minimize the average therapy cost (ATC) and the average
therapy return time (ATRT). Our results show how the trade-off be-
tween ATC and ATRT depends both on the total annual demand and
on the demand profile. Also, the impact of manufacturing time on the
supply chain network is discussed. Ref. [1] Levine et al, Mol Ther-
Methods Clin Deyv, 4, 92-101, 2017. [2] Mullard, Nat Rev Drug Disc,
20, 166 (2021) [3] Griffiths & Lakelin, PCI services, 2018.
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Optimality conditions for efficiency in multiobjective
fuzzy programming problems

Beatriz Herndndez-Jiménez, Rafaela Osuna-Goémez, Yurilev
Chalco-Cano, Gabriel Ruiz-Garzon

We consider a fuzzy multiobjective problem with p gH-differentiable
objectives defined in Rn. Based on a new p-dimensional stationary so-
lution definition given we obtain neccesary optimality conditions for
efficiency that are very simple in order to compute them in an algo-
rithm. And a new generalized convexity notion is given in order to
obtain sufficient optimality conditions for this problem. The results
obtained generalize the ones that exist in the literature in several as-
pects. This generalization is reached primarly since our results con-
sider p-dimensional functions instead of scalar functions and they are
defined for n variables instead of only one variable. Futhermore, it has
been proved that the differentiability notion used is less restrictive than
those used in the literature.

Some ranking methods based on weight learning
Maria Luisa Martinez, Esther Dopazo

The problem of ranking a set of candidates according to different com-
petencies is a critical task in many fields such as human resource man-
agement, product selection, and recommender systems, among others.
Certain complexities that appear in these problems are the large num-
ber of candidates, uncertainty or incomplete information, time pres-
sure, etc. In this context, it is proposed a ranking method that learns
from the evaluations relative to limited subsets of candidates given by
different experts. Our first goal is to derive the priority weight vec-
tor that best summarizes expert data (used as training examples), that
may be inaccurate and conflicting. This learning module is constructed
on an OWA operator and different distance measurements to simulate
different aggregation procedures. The resulting optimization problems
are solved using GP techniques. The candidates are then ranked using
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an OWA operator and the obtained priority vector. Finally, some mea-
sures are provided to analyze the quality of the induced ranking from
data given by the experts.

3 - Fuzzy De Novo approach with variable budget for aggre-
gated production planning problem
Manuel Diaz-Madrofiero, Mariano Jimenez-Lopez, Josefa
Mula

Different approaches to solving multi-objective optimisation models
based on the De Novo method have been published in the literature.
But, to the best of our knowledge, none of them has considered that
the available budget could vary. By modelling this budget as a fuzzy
set, we also obtain the optimal values of the objectives as fuzzy sets.
From there we build a fuzzy programming model that gives us a so-
lution that is a good balance between the budget and the target values
in the context of an aggregated production planning problem. This
work was supported by the Spanish Ministry of Science, Innovation
and Universities Project entitled *Optimisation of zero-defects produc-
tion technologies enabling supply chains 4.0 (CADS4.0)’ (RTI2018-
101344-B-100)

4 - An interval best-worst multiple reference point method:
application in the assessment of non-life insurance
companies
Raquel Quiroga, Amelia Bilbao-Terol, Mar Arenas-Parra,
Celia Bilbao Terol

In this paper a multi-criteria decision-making (MCDM) method is de-
veloped to rank a set of insurance companies. The proposed method is
based on to combine two MCDM methods: Interval Best-Worst (IBW)
method and Multiple Reference Point (MRP) method. We formulate
the problem of finding a priority vector from a set of interval pairwise
comparisons by a IBW method which allows the DM to use interval
values to describe the relative importance of a criterion over another.
The IBW method, using fuzzy set theory, can successfully handle the
vagueness and ambiguity in the judgments. Lastly, the MRP is em-
ployed to obtain a global score for each company using the weights
established in the first stage. A case study is presented to rank Spanish
non-life insurance companies based on the constructed model. Since
the evaluation of insurance companies involves a great many indica-
tors, it is a complex multi-criteria decision-making (MCDM) issue.
The results show the effectiveness of the proposed method and offer an
insightful reference for the evaluation of insurance industry.
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1 - Should Investors Bet on the Jockey or the Horse? Evi-
dence from ECF and VCs funded firms
Karima Bouaiss, Michalis Doumpos, Carine Girard-Guerraud,
Constantin Zopounidis

We compare two samples of firms financed by equity crowdfunding
and venture capital. The objective is to consider firm-specific criteria
and those related to the profile of entrepreneurs to propose a classifi-
cation based on variables that are usually correlated with each other.
Methodologically, we use multicriteria decision analysis (MCDA).
Thanks to this integrative methodology, we can determine the key cri-
teria for bankruptcy on a sample of 497 firms, including 277 equity
crowdfunded firms and 220 firms financed by VCs. Data on the char-
acteristics of fundraising and on the human capital of the members of

the entrepreneurial teams will allow to identify what attracts investors,
i.e. "the horse" or "the jockeys". This work will contribute to the liter-
ature in entrepreneurial finance by building on the evidence found for
venture capital financing, equity-crowdfunding and firm bankruptcy.

Application of MCDM approaches to select consensus
algorithms for blockchain systems
Ernestas Filatovas, Marco Marcozzi, Remigijus PaulaviCius

Blockchain is one of the most disruptive recent technologies intro-
duced in Bitcoin in 2008. It has already engaged great attention from
industry and academia. In the complex architecture of a blockchain
system, a consensus algorithm plays a key role. It ensures that all
participants (nodes) of a blockchain network agree on the data with-
out any central authority. During the last decade, a wide range of
blockchain consensus algorithms have been designed with different
concepts and properties (e.g., lower energy consumption, better scala-
bility, smaller latency, higher throughput, better resistance to fault tol-
erance, etc.). Generally, blockchain systems can be classified based on
the participation (private, public, consortium) and permission (permis-
sioned, permissionless) modes. Moreover, each type of blockchains
can have additional requirements. Therefore, selecting a preferable
consensus algorithm for a particular blockchain system is a challeng-
ing task. To facilitate this, the selection of the consensus algorithm
could be modeled as an MCDM problem. This work presents an end-
to-end MCDM-based approach to identify the preferable consensus
algorithm based on the specified criteria and their weights. As each
MCDM method has particularities to provide a better analysis level,
three popular MCDM methods: SAW, TOPSIS, and ELECTRE 111, are
employed. We demonstrate the proposed methodology’s potential by
identifying preferable consensuses for each type of blockchain system.

A Unified View on Diversified Portfolio of Time Series
Momentum Strategies Using Multi-Task Learning
Joel Ong, Dorien Herremans

A diversified risk-adjusted time-series momentum (TSMOM) portfo-
lio, is not only able to deliver substantial abnormal returns but also
offer some degree of tail risk protection during extreme market events.
The success of a TSMOM strategy relies not only on the quality of
the momentum signal but also on the efficacy of the volatility esti-
mator. Yet many of the TSMOM strategies which have been exten-
sively studied have always considered them to be independent. In-
spired by recent progress in Multi-Task Learning (MTL), we present
a new approach, Multi-Task Risk-Adjusted Time Series Momentum
(MTL-RATSMOM), that leverages the MTL architecture and consists
of two task-specific output layers. The first task-specific output layer
is directly trained by optimizing the Sharpe ratio of the signal and the
other is trained by minimizing the estimation error between the ex-ante
volatility and realized volatility of the assets. During inference, the ex-
ante volatility estimates from one task-specific output layer are used
to scale the portfolio positions recommended by the other task-specific
output layer. Backtesting from January 2000 to April 2020 on a diver-
sified portfolio of continuous futures contracts in bond, commodity,
currency, and equity, we demonstrate that even after accounting for
transaction costs up to 10 basis points, our approach continues to out-
perform existing TSMOM strategies. These findings provide important
implications for implementation of MTL in finance.

A multicriteria approach for the identification of global
systemically important banks

Michalis Doumpos, Silvia Angilella, Sebastiano Mazzu,
Constantin Zopounidis

Recent crises have demonstrated that systemic risks constitute a ma-
jor issue of concern for financial stability. Such risks are particularly
important in the banking sector, as the current globalized financial en-
vironment has strengthened the interconnectedness of financial insti-
tutions around the world. In this context, the identification of global
systemically important banks (G-SIBs) is crucial for policy making
purposes in the banking sector, as it enables supervisors to spot po-
tential sources of systemic risks at the global level and take actions to
mitigate these risks. To this end, the Financial Stability Board (FSB) in
consultation with the Basel Committee on Banking Supervision (BIS)
has built a methodology to identify G-SIBs. In this research we extend
the FSB/BIS methodology through the application of an outranking
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MCDA approach. Results are reported for a sample of banks con-
sidered in the BIS evaluations over the years 2013-2018. Moreover,
a regression analysis is also employed to examine the relationship be-
tween the proposed multicriteria evaluation for the global systemic im-
portance of banks and their risk of failure. The results indicate that
G-SIBs have higher probability of default.
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A GlS-assisted Suitability Analysis Framework Using
PROMETHEE and k Nearest Neighbor
Kalliopi E. Sotiropoulou, Athanasios P. Vavatsikos

Land use suitability analysis has been applied in several areas of spa-
tial land planning and management like landfill and wastewater treat-
ment units site selection, wind farm siting, site identification for health-
care facilities. Land suitability assessment with respect to a par-
ticular use is a spatial complex multicriteria problem since multiple
factors need to be taken under consideration such as environmental,
design, economic, social for the evaluation of alternative locations
concerning planning and environmental restrictions. The integration
of Geographic Information Systems (GIS) and Multicriteria Decision
Analysis (MCDA) methods is a powerful approach to land use suit-
ability assessment providing suitability index mapping. Outranking
multicriteria analysis methods like PROMETHEE and ELECTRE are
well suited for land planning purposes. However, their incorporation
into GIS-assisted suitability analysis remains scarce when large raster
datasets are involved in the analysis due to computational limitations
derived from the need to compare in pairs every candidate location.
The current study presents a methodological framework that estimates
PROMETHEE 1I net outranking flows and labels to a sample of alter-
native locations and then applies a classification supervised machine
learning approach based on the k Nearest Neighbor algorithm to de-
velop a learning model that can be used to predict classification labels
to the examined area generating a suitability map.

An adapted DEMATEL method for fuzzy evaluations
Tjasa Smidovnik, Petra Grodelj

Decision-making Trial and Evaluation Laboratory (DEMATEL) is a
widely used multi-criteria decision-making method to analyze the pos-
sible interdependence between elements in a system. Different types
of fuzzy sets can be used to incorporate uncertainty into multi-criteria
decision making. In our previous research, it was found that the re-
lationships between prominence and relation values are very similar
when using different types of fuzzy evaluations (fuzzy numbers, intu-
itionistic fuzzy numbers and neutrosophic fuzzy numbers). While the
use of more sophisticated fuzzy valuations should better explain hu-
man reasoning and decision making, it can be more complicated for
decision makers to understand. If using more complex fuzzy numbers
does not add anything new to the final results, there is no reason to
use them. The main cause is early defuzzification of fuzzy numbers
in DEMATEL method. The main problem is how to calculate the in-
verse matrix of fuzzy numbers. The aim of this study is to adapt the
DEMATEL method in which the inverse matrix computation is omit-
ted, so that early defuzzification would not be necessary. Our proposed
method uses fuzzy evaluations as input, then the adapted DEMATAL
method is applied and defuzzification is performed at the end. The
method is applied to the case study from literature and the results are
compared and analyzed.

3-

A robust multicriteria clustering methodology for port-
folio decision analysis
Makbule Kandakoglu, Sarah Ben Amor, Grit Walther

We propose a robust multicriteria clustering methodology for portfo-
lio decision problems in which a subset of projects is selected to form
a portfolio by dealing with uncertain multiple criteria evaluations, de-
cision makers’ preferences and real-world constraints. Over the last
years, many methods have been developed with the aim of maximizing
the sum of multicriteria scores of projects selected for the final portfo-
lio. In this paper, unlike the existing literature, we propose a new ro-
bust multicriteria clustering methodology that enables to group the best
ranked projects with similar preferences into a new kind of cluster (so-
called optimal portfolio) that complies with the given constraints. With
this aim, a new Integer Programming (IP) model as an extension of the
K-medoids clustering technique is combined with the PROMETHEE
method. In developing this model, we also introduce portfolio qual-
ity constraints to ensure the proper distribution of good evaluations
among all considered criteria. We then enhance this combined model
by embedding it into the Stochastic Multicriteria Acceptability Anal-
ysis (SMAA) framework to consider the inherent uncertainties. As a
large number of potentially optimal portfolios are obtained through the
SMAA simulation, both project and portfolio level robustness indices
are computed in order to help decision makers to identify the most ro-
bust and stable portfolio. Our methodology is validated by an example
data from a bridge maintenance program.

Cloud Supply Chain System Management due to Global
Warming
Faezeh Motevalli-Taher

In today’s smart world and the increasing use of cloud space, re-
searchers have paid attention to management and improvement in this
field. In line with industry 4 and improving smart cities, how to allo-
cate service providers and applicants for that service is an important
and effective factor. By designing an efficient supply chain network,
it is possible to help order and optimize this network. In addition,
it increases the efficiency and satisfaction of chain members. Environ-
mental issues are also effective factors in decision making in our world.
Considering global warming and its factors in decision making is es-
sential. The unstable environment of factors related to global warming
leads us to an uncertain context, which made us consider uncertainty
in decision making and mathematical modeling.
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Replication and Sequencing of Unreliable Jobs on Par-
allel Machines

Mario Benini, Alessandro Agnetis, Paolo Detti, Marco
Pranzo, Ben Hermans

We consider the problem of sequencing m copies of unreliable jobs
(i.e., jobs that have a certain probability of being successfully carried
out) on m parallel machines (one copy per machine). A job is carried
out if at least one of its copies is successfully completed. If a copy of a
job fails, the corresponding machine is blocked and cannot perform the
subsequently scheduled job copies. We analyze two problems. In the
first problem, each job has a certain revenue which is attained if the job
is carried out, and the objective is to maximize the expected revenue.
‘We show that for two machines this problem is NP-hard. We propose a
mathematical programming formulation, a metaheuristic approach and
an upper bound for the problem. We present a computational campaign
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on multiple sets of instances with different dimensions and probability
intervals for the jobs. The second problem is to maximize the probabil-
ity that all jobs are carried out. We show that the problem can be easily
solved for two machines, as well as for m machines and two jobs.

Batch Scheduling to Minimize Total Completion Time
with Uncertain Processing Times
Wei Wu, Takito Hayashi, Haruyasu Kato, Liang Tang

Single-machine batch scheduling can be observed in many real-life ap-
plications. One of the significant objectives of this problem is to mini-
mize the total completion time of all jobs, which can be solved in O(n
log n) time in the context of deterministic model. However, the de-
terministic model may lead to unsatisfactory scheduling performance,
because uncertain job processing times usually occur due to the facts
such as defective products, unexpected machine interruptions, and lack
of workforce. To handle such uncertainties, we strive to build a general
robust batch scheduling model to minimize total completion time. The
uncertainty set of processing times considered in our model encodes a
budget of uncertainty (i.e. the number of jobs whose processing times
are allowed to vary from their nominal values is limited to a parame-
ter). Two types of batch models, the parallel batch (p-batch) and the
serial batch (s-batch), are considered. For the s-batch model, we pro-
pose a polynomial-time exact algorithm based on the idea that the ro-
bust batch scheduling problem (RBSP) can be reduced to a constrained
shortest path problem (CSPP) in a directed acyclic graph. In addition,
for the p-batch model, we propose an approach that breaks and trans-
forms the RBSP into two sub-problems, that is, a shortest path problem
and a CSPP. The resulting algorithm exactly solves the p-batch model
in polynomial time as well.

Flow time minimization in a crossdock truck scheduling
problem with asymmetric handover relations
Alessandro Agnetis, Lotte Berghman, Cyril Briand, Quentin
Fabry

Crossdocking is a logistics management concept in which various
trucks (inbound trucks) arrive to a warehouse (crossdock) carrying
items for different destinations. The items are then sorted and loaded
on a set of outbound trucks, which will eventually deliver them to the
respective destinations, avoiding excessive inventory at the crossdock.
During any unloading/loading operation, a truck is docked to a door of
the warehouse. We address the problem of assigning the trucks to the
doors of the warehouse and sequence them, in order to minimize the
total time spent in the system by the pallets. We consider a scenario
in which truck processing times are linearly correlated to the amont of
pallets being loaded/unloaded (correlated scenario) and a scenario in
which they are not (unrelated scenario). We discuss the complexity of
the problem, showing that in the unrelated scenario even the single-
door problem is NP-hard in general, while the two-door problem is
NP-hard even in the correlated case. We also discuss some special
cases.

Preemptive Scheduling on Two Unrelated Parallel Ma-
chines
Alan Soper, Vitaly Strusevich

In this paper, for the problem of minimizing the makespan on two unre-
lated parallel machines, we compare the quality of preamptive and non
preemptive schedules. It is known that there exists an optimal preamp-
tive schedule with at most two preemptions. We show that the power
of preemption, i.e. the ratio computed of the makespan of the best
non-preemptive schedule to that of the optimal preemptive schedule
is at most 3/2. This result complements the only other known bound
on the power of preemption for unrelated parallel machines which is
4, shown to be tight in the limit of an infinite number of machines.
We also show that the ratio of the makespan computed for the best
schedule with at most one preemption to the makespan of the opti-
mal preemptive schedule is at most 9/8. For both models we present
polynomial-time algorithms that find schedules of the required qual-
ity. The established bounds match those previously known for the less
general problem with two uniform machines. We have found one point
of difference between the unrelated and uniform machines: if an op-
timal preemptive schedule contains exactly one preemption then the

ratio of the makespan computed of the best non-preemptive schedule
to the makespan of the best preemptive schedule is at most 4/3 if the
two machines are uniform and remain 3/2 if they are unrelated.
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The Traveling Salesman Problem with positional con-
sistency constraints
Mafalda Ponte, Luis Gouveia, Ana Paias

In the Consistent Traveling Salesman Problem with positional consis-
tency constraints (CTSP) we seek to generate a set of routes with min-
imum total cost, in which all the clients are visited in the routes they
require service, and clients that need total positional consistency ap-
pear in the same relative position in all the routes they are served in.
We present several formulations for the CTSP, and study several sets
of constraints that can be used to model consistency. We also present a
heuristic framework to obtain good feasible solutions for the problem.
Finally, both approaches are assessed and compared in a computational
experiment.

The Bi-objective Long-haul Transportation Problem on
a Road Network

M. Grazia Speranza, Claudia Archetti, Ola Jabali, Andrea
Mor

A long-haul truck scheduling problem is studied where a path has to
be determined for a vehicle traveling from a specified origin to a speci-
fied destination. We consider refueling decisions along the path, while
accounting for heterogeneous fuel prices in a road network. The path
has to comply with Hours of Service (HOS) regulations. Therefore, a
path is defined by the actual road trajectory, as well as the locations
where the vehicle stops due to refueling, compliance with HOS reg-
ulations, or a combination of the two. This setting is cast in a bi-
objective optimization problem, considering the minimization of fuel
cost and the minimization of path duration. An algorithm is proposed
to solve the problem on a road network. The algorithm builds a set
of non-dominated paths with respect to the two objectives. Given the
enormous theoretical size of the road network, the algorithm follows
an interactive path construction mechanism. It dynamically interacts
with a geographic information system to identify the relevant potential
paths and stop locations. Computational tests are made on real-sized
instances where the distance covered ranges from 500 to 1500 km. The
algorithm is compared with solutions obtained from a policy mimick-
ing the current practice of a logistics company. The results show that
the non-dominated solutions produced by the algorithm significantly
outperform the ones generated by the current practice.

Instance Space Analysis of Capacitated Vehicle Routing
Problems

Hamed Soleimani, Kate Smith-Miles, Jussi Rasku, Mario
Andres Munoz Acosta

Capacitated Vehicle Routing Problem (CVRP) is a popular optimisa-
tion problem in both academia and industry, with a variety of exact and
approximation algorithms proposed and developed. These algorithms
are usually tested on randomly generated test instances, well-studied
benchmark instances, and sets of real-world instances. This paper uses
a recently developed methodology known as Instance Space Analysis
to explore, for the first time, how the characteristics of CVRP instances
affect the performance of algorithms. Using a set of 311 features of
instances, we study the performance of nine popular algorithms on a
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set of 1125 CVRP instances. Using an online instance space analy-
sis tool known as MATILDA, the instance space is visualized using
selected features to reveal the diversity of the test instances, and the
strengths and weaknesses of different algorithms. Finally, machine
learning tools and techniques are used to predict the performance of
algorithms to achieve an automated algorithm selection.

The family traveling salesman problem with incompati-
bility constraints
Raquel Bernardino, Ana Paias

Consider a depot and a partition of the set of nodes into subsets,
called families. The objective of the family traveling salesman prob-
lem (FTSP) is to find the minimum cost route that starts and ends at the
depot and visits a given number of nodes per family. We propose a new
variant of the FTSP by introducing incompatibilities between the fam-
ilies, that is, incompatible families cannot be visited in the same route.
Thus, the FTSP with incompatibility constraints (FTSP-IC) consists of
determining the minimum cost set of routes that begins and ends at the
depot; visits a given number of cities in each family; and does not visit
incompatible nodes in the same route. We propose compact and non-
compact formulations for the FTSP-IC, which model the incompati-
bility constraints for each family implicitly in the compatibility graph.
We also present a new set of valid inequalities. To evaluate the different
models, we used the benchmark instances for the FTSP and generated
incompatibility matrices. The computational experiment shows that
the non-compact models outperform the compact ones. As the exact
methods are unable to address the largest sized instances, we devel-
oped an iterated local search, which efficiently obtains solutions with a
lower value than the branch-and-cut algorithm for most of the instances
with an unknown optimal value.
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Techniques to analyze the anytime behavior of algo-
rithms for multi-objective optimization

Alexandre D. Jesus, Luis Paquete, Arnaud Liefooghe, Bilel
Derbel

In multi-objective combinatorial optimization it is often not possible to
find the efficient set in a reasonable amount of time. As such, anytime
algorithms are of particular interest since they allow a decision maker
to trade off execution time with solution quality. However, analyzing
their anytime behavior, which can be described in terms of a function
of solution quality with respect to execution time, is not trivial. In par-
ticular, there are two main issues: (i) how to summarize the anytime
behavior of an algorithm over multiple runs and/or problem instances;
and (ii) how to compare algorithms and make decisions on which algo-
rithm is better, when no algorithm outperforms the others at all times.
In this talk we present techniques to build performance profiles that
characterize the anytime behavior of an algorithm over different runs
or problem instances, and to measure the quality of a performance pro-
file as a scalar value. To demonstrate the practical usefulness of these
techniques, we will showcase their application in comparing and auto-
matically selecting algorithms for multi-objective combinatorial opti-
mization problems. Finally, we present a new package for R that im-
plements these techniques and provides a simple interface to use them
for the analysis of anytime behavior.

2-

Recent Advances on the Computation of the Hypervol-
ume Subset Selection Problem

Andreia Guerreiro, Vasco Manquinho, José Rui Figueira
Assessing the quality of outcome sets of approximation algorithms for
multiobjective optimization is not trivial. Set-quality indicators, which
map the image of a set of solutions (a point set) into a scalar value,
are a convenient way to do this assessment. These may comprise, in a
scalar, the proximity of the set of points to the Pareto front, as well as
information regarding the distribution of points in the set. Performance
assessment through quality indicators can be viewed as a transforma-
tion of the multiobjective optimization problem into a single-objective
one, where the goal is to find a point set, frequently of bounded in size,
that maximizes the quality indicator. Consequently, each indicator is
biased towards some point sets, and some distributions. It is there-
fore important to understand such biases, in particular, to characterize
indicator-optimal subsets.

The hypervolume indicator is one of the most widely used quality in-
dicators due to its desirable theoretical properties. For example, the
indicator-optimal subsets are subsets of the Pareto front, and theoreti-
cal results on the distribution of points in these subsets are known for
the two-objective case. Already for the three-objective case this char-
acterization rely mostly on the empirical approximations of the optimal
subsets as the practical use of current algorithms is limited. This work
discusses new advances on the computation of the hypervolume subset
selection problem for 3 and more objectives.
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Smart and Interpretable Neural Networks for Classifica-
tion Learning in Bioinformatics

Thomas Villmann, Marika Kaden

Classification learning currently is dominated by the use of deep neural
networks. Yet, these networks usually require a huge amount of data.
Further, after training the network decision in the inference phase fre-
quently is difficult to explain. We provide smart and interpretable net-
works based on prototype learning, which are easy to interpret and, im-
portantly, are proven to be robust. In combination with intelligent data
preprocessing the integrating of domain knowledge is possible by ap-
propriate similarity measures like correlations, kernels or information
theoretic measures for data discrimination. According to this domain
knowledge integration these networks show performances comparable
to deep networks while requiring significantly less training data and
computational resources. In particular, we present variants of learning
vector quantization. Starting from the basic model introduced T. Koho-
nen, we consider modifications of the basic model such as probabilistic
variants as well as adaptive feature waiting, which explicitly offers in-
sights regarding the decision process to the applicants. Further, these
models allow an easy to integrate reject option to achieve high classi-
fication confidence and model certainty. This option is obtained by the
evaluation of the hypothesis margin, implicitly optimized during the
classification learning process. We illustrate the approach for applica-
tion in medical diagnosis support as well as for biomolecular sequence
processing.

Structural identification of metabolites from MS/MS
spectra by molecular graphs

Piotr Wawrzyniak, Piotr Formanowicz

Disease pathogenesis, drug discovery, response to the treatment - anal-
ysis of all of them requires identifying metabolites, small chemical
compounds being a product of metabolism. Unfortunately, today only
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a small fraction of metabolites are known, making identifying un-
known metabolites an essential tool for researchers. Mass spectrom-
etry is the most common tool used for metabolite identification. It
allows an automated and high throughput analysis of the metabolome,
but computer support is necessary to do it accurately and efficiently.
Two kinds of algorithms now dominate among the methods of identi-
fying metabolites based on a spectrum of mass spectroscopy, the de-
novo methods, basing on fragmentation trees and searching metabolite
databases based on decay fragmentation graph. Unfortunately, the first
of them recognize unknown compounds, and the second can give in-
formation about the structure of the molecule. Finding a way to com-
bine the positives of both methods would be very beneficial. The two
above approaches to identifying metabolites can be combined using
the generation of the molecular graphs, the labeled multigraphs used
to represent the molecules’ structure. In the proposed algorithm, the
construction of a molecular graph will join described methods. The
construction of molecular graphs will make the result of the metabolite
fragmentation tree from the de-novo method the input data for the suc-
ceeding decay fragmentation tree from the metabolite database search.

Building Hyper-heuristic using crowdsouring
Jan Badura, Artur Laskowski, Szymon Wasik, Maciej
Antczak

Hyper-heuristic is a special program that aims to solve optimization
problems independently from their search space. Instead, it uses a set
of so-called low-level heuristics that are simple algorithms dedicated
to solving a specific problem. I would like to use crowdsourcing to
collect low-level heuristics. I designed a protocol that enables people
to submit their low-level heuristics and implemented it on the Optil.io
platform. The system was tested by collecting over a thousand low-
level heuristics for a flowshop optimization problem. It is expected that
those low-level heuristics form several clusters of similar approaches.
I researched several ways of clustering algorithms so that I can choose
a set of representative low-level heuristics that hyper-heuristic will use.

The role of cholesterol metabolism in atherosclerosis
development and progression - modeled and analyzed
using Petri nets

Agnieszka Rybarczyk, Dorota Formanowicz, Marcin Radom,
Piotr Formanowicz

Atherosclerosis is a complex process, which is associated with the ac-
cumulation of plaque and arterial remodeling. Both lipoprotein reten-
tion and inflammatory cellular elements are increasingly recognized as
tightly related in the development and progression of this disease. In
this study a Petri net based model of the human cholesterol metabolism
is presented and analyzed. The model presents some selected aspects
of this process and its associations with atherosclerosis progression.
In particular, MCT-sets and t-clusters were generated, then knockout
and simulation based analysis was conducted. The application of such
an approach has enabled for an in-depth analysis of the studied phe-
nomenon and has allowed drawing valuable biological conclusions.
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Pharmacy Location Problems: Model Proposition and
Analysis

Sophia Wrede, Christina Biising, Martin Comis, Timo
Gersing

Local pharmacies play an important part in the health care system.
Their task is to supply the population with medicines and to provide
initial assessments on medical issues. In Germany, there are no signifi-
cant restrictions on the choice of location for new pharmacies to open.
However, more pharmacies have been closing than opening for years.
This leads to a shortage of pharmacies, especially in rural regions.
In this talk, we first discuss conditions that a good pharmacy supply
should fulfil. The optimization of pharmacy locations taking these
constraints into account and the allocation of customers among open
pharmacies leads to a variant of the classical, strongly NP-complete
facility location problem. To obtain a more natural allocation of cus-
tomers, we additionally integrate the theory of bilevel optimization into
our model. We call this problem "Pharmacy Location Problem" (PLP).
Furthermore, we analyze mathematical structures of the PLP on trees.
We can show that even this special case is strongly NP-complete. On
paths, however, we present an algorithm with polynomial running time.

New decision support approach for locating self-
dialysis centers

Safa Lasmar, Adnen El Amraoui, Hanen Bouchriha, Eric
Lefevre, Myraim Gharbi

The research work presented here is carried out as part of a research
project from the PHC Utique program (Project N ° 18G1410). The
number of people requiring dialysis is constantly increasing in Eu-
rope and Africa which is due to aging populations. To lower hospitals
workload and health costs and to improve the patients quality of life,
home hemodialysis has emerged as an excellent alternative to tradi-
tional hospitalization. In this context, a new aided decision approach
is developed to determine the location of dialysis centers (self-dialysis
centers), taking into account patient demand variation (death, new pa-
tient, grafted, etc.). The developed approach is based on a branch and
bound approach. It has been validated on several datasets and the ob-
tained results showed its effectiveness.

Integrated decision making in hospital supply chain
management: state-of-the-art and future research op-
portunities

Lien Vanbrabant, Lotte Verdonck, Silia Mertens

Logistics costs are the second largest cost for hospitals, so effectively
managing the hospital supply chain provides significant opportunities
for improvement. Hospitals receive and handle a wide range of mate-
rials that are directly linked to patient care, such as pharmaceuticals,
medical consumables and sterile items. A hospital supply chain is typ-
ically designed as a multi-echelon inventory system, consisting of ex-
ternal suppliers, a central warehouse within the hospital, point-of-use
locations (i.e. care units) and the patients as final users. In order to
optimise supply chain performance and minimise the logistics costs
of hospitals, strategic, tactical and operational decisions of the differ-
ent echelons should be made in an integrated way. These decisions
are related to purchasing, production, location, inventory, routing and
scheduling. In addition, all real-life features that distinguish the hospi-
tal supply chain from other contexts should be included in the decision-
making process (e.g. patient safety, perishability, stochasticity). How-
ever, research on holistic supply chain management is rather scarce in
a hospital context because of the merely supporting role of logistics
activities, the high supply chain complexity and the clear boundaries
between the different echelons. The aim of this research is to pro-
vide an overview of the state-of-the-art regarding integrated decision
making in hospital supply chain management and the opportunities for
future research.

Novel applications of the team orienteering problem in
health care logistics

Roberto Aringhieri, Sara Bigharaz, Davide Duma, Alberto
Guastalla

The Team Orienteering Problem (TOP) is a routing problem belong-
ing to the class of the Vehicle Routing Problems with Profits (VRPPs).
The VRPP is characterised by the fact that set of customers to serve is
not given. This implies the need to consider two different decisions as
reported in Archetti et al. (2014), that is (i) which customers to serve,
and (ii) how to cluster the customers to be served in different routes
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(if more than one) and order the visits in each route. The customer se-
lection is driven by a profit associated with each customer that makes
such a customer more or less attractive. To the best of our knowledge
(Vansteenwegen & Gunawan (2019)), the TOP framework is never ap-
plied to the modelling and the solution of health care logistics prob-
lems.

In this talk, we present two problems arising in the health care logistics.
The former is a problem arising in the digital contact tracing system as
a measure for the containment of the Covid-19 pandemic, that is the
daily swab test collection (DSTCP) problem. The latter is a problem
arising in post-disaster management, that is the Ambulance Routing
Problem (ARP) to transport the injured to hospitals. We discuss the
formulation of the two problems as TOP and their novelty with respect
to the current literature. We also present solution algorithms and their
generalization.

m MB-39

Monday, 10:30-12:00 - Virtual Room 39

Deliveries in urban areas

Stream: Routing, Logistics, Location and Freight Trans-
portation

Invited session

Chair: Stefan Schaudt

1-

38

Crowd shipping using metro stations: a case study
evaluation in Brescia
Carlo Filippi

Crowdshipping is a promising shared mobility service that involve
the delivery of goods using non-professional shippers. This service
is mainly intended to reduce congestion and pollution in city centers
but, as some authors observe, in most crowdshipping initiatives the
crowd rely on private motorized vehicles and hence the environmental
benefits could be small, if not negative. Conversely, a crowdshipping
service relying on public transport should maximize the environmen-
tal benefits. Motivated by this observation, in this study we assess the
potentials of crowdshipping based on metro commuters in the city of
Brescia, Italy. Our contribution is twofold. First, we analyze the results
of a survey conducted among metro users to assess their willingness to
act as crowdshippers. The main result is that most young commuters
are willing to be crowdshippers even for a null reward. Second, we
assess the potential economic impact of using metro-based crowdship-
ping coupled with a traditional home delivery service. To this end, we
formulate a variant of the VRP model where the customers closest to
the metro stations may be served either by a conventional vehicle or by
a crowdshipper. The model is implemented using Python with Gurobi
solver. A computational study based on the Brescia case is performed
to get insights on the economic advantages that a metro-based crowd
delivery option may have for a retailing company.

A Load and Time dependent risk metric for the fuel dis-
tribution problem in urban areas
Eleni Karouti, Konstantinos Androutsopoulos

Incorporating transportation risk in Hazardous Materials routing deci-
sions constitutes a pro-active safety measure for mitigating the poten-
tial consequences of an accident. Our work studies the fuel distribution
problem using a heterogeneous fleet of multi compartment tank trucks
in order to deliver fuel in urban areas. Two novel features are intro-
duced: i) the balanced loading of the truck compartments adhering to
the axles maximum weight limits, and ii) a time and load dependent
transportation risk metric. Structural analysis is applied for the calcu-
lation of the actual weight bore by each trucks’ axle. The risk metric
expresses the population exposure as a function of the load carried by
the truck, and the duration spent in a given area. The routing process
uses a two-phase procedure. A rank-based construction heuristic algo-
rithm is used to create the initial solution. A swap heuristic algorithm

is then used in order to provide an improved solution in terms of min-
imum transportation risk. Finally, a MILP formulation is created for
the loading and distribution problem taking into consideration both the
load balance constraints and the risk metric.

The Two Echelon Vehicle Routing Problem with Time
Windows, Covering Options, and Occasional Drivers
Panca Jodiawan, Vincent F. Yu, Hou Ming-Lu, Aldy Gunawan

This study addresses a new variant of the vehicle routing problem,
namely two-echelon vehicle routing problem with time windows, cov-
ering options, and occasional drivers (2E-VRPTW-CO-OD). In this
problem, two types of fleet are available to serve customers, i.e., city
freighters and occasional drivers. Two delivery options can be se-
lected by each customer, i.e., home delivery or alternative delivery.
If customers choose the alternative delivery option, the demand of
the customers is assigned to one of the available covering options,
and customers pick-up the demands themselves. The objective of 2E-
VRPTW-CO-OD is to minimize the total cost consisting of routing
costs, connection costs, and compensation paid to OD under the condi-
tion that all customers are served. We formulate a mixed-integer linear
program and propose an adaptive large neighborhood search (ALNS)
to provide high-quality solutions to the newly generated 2E-VRPTW-
CO-OD instances. The 2E-VRPTW-CO-OD has a special case, the
two-echelon vehicle routing problem (2E-VRP). In this special case,
our proposed ALNS provides comparable results with the ones ob-
tained by state-of-the-art algorithms. Based on an extensive experi-
ment, decisions in 2E-VRPTW-CO-OD vary depending on the char-
acteristics of occasional drivers and covering options. The results are
hence useful for management decision making for the implementation
of the system.

A Branch-and-Price Algorithm for a Delivery Network
with Autonomous Robots
Stefan Schaudt, Uwe Clausen, Nicklas Klein

The logistics industry has been facing growing transport volumes com-
bined with increasing customer expectations in recent years. To over-
come these challenges, new innovative delivery concepts have been
developed. One concept for last-mile deliveries in urban environments
is based on small electrical robots that drive autonomously on side-
walks and pedestrian zones. These vehicles can deliver goods of daily
use such as groceries, parcels, medicine, or meals.

This study examines a delivery network with autonomous robots. The
delivery network consists of a fleet of single unit capacity vehicles, a
set of depots equipped with recharging stations and a set of customers.
Each customer is associated with an individual time window and a
profit that can be collected when served. Due to the single unit ca-
pacity of the vehicles, a depot visit is required between each pair of
customers, which is a difference to classical routing problems. The
goal of this problem is to find vehicle routes such that the sum of
collected profits is maximized. The problem is solved with an exact
branch-and-price algorithm. The pricing problem contains not only
the generation of customer sequences, but also the decision on inter-
mediate depot visits and recharging times. Computational studies on
benchmark instances show promising results.
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In this paper, we study the role of strategic partnership formation in
the decentralized bilateral bargaining game. In particular, our model
allows players to strategically choose their bargaining partners and
those who reach an agreement will leave the game without replace-
ment. Allowing players to choose their bargaining partner, we find a
maximum matching in a Markov perfect equilibrium. It is noticeable
that current studies of bilateral bargaining in non-stationary networks
focus on pairwise random meetings, which restricts players’ bargain-
ing partners. Hence, multiple equilibria may coexist, and the Markov
perfect equilibrium fails to yield a maximum matching in some net-
works. Compared with them, our finding indicates that players will
form a link included in a maximum matching no matter what the un-
derlying network is and lead to efficiency.

Evaluating the performance of firms with market equi-
libria: efficiency and market share
Soobin Choi

In this paper, we study a game-theoretical framework that evaluates
the relative performance of firms in a competitive environment with
a market equilibrium. Specifically, two normative performance mea-
sures in terms of equilibrium prices are considered: efficiency and mar-
ket share. Defined by the ratio of revenue to cost, efficiency measures
a firm’s ability to transform inputs into outputs without waste. Mean-
while, market share, defined by the proportion of a firm’s revenue to
industry’s total revenue, assesses the firm’s dominance in the market.
Since increases and decreases in efficiency and market share reflect the
effectiveness of production strategies, the two performance indicators
display firms’ relative competitiveness. To evaluate these indicators in
terms of revenue and cost at an equilibrium, we first characterize the
set of equilibrium prices by a Fisher market model with production.
In our market model, we describe the production possibilities of firms
by using a Data Envelopment Analysis technique, which enables to
construct a piecewise-linear estimation of a multi-input, multi-output
production set from past input-output production data. With the set
of equilibrium prices, we derive formulations that evaluate upper and
lower bounds of efficiency and market share. All these formulations,
based on convex programming, can be easily implemented by an ex-
isting algorithm. We also establish properties regarding our market
model and performance measures.

Drivers, Riders and Service Providers: The Impact of
the Sharing Economy on Mobility
Michail Kanakakis, Costas Courcoubetis, Saif Benjaafar

It is widely believed that ride sharing has the potential to significantly
reduce traffic by filling up cars more efficiently. We introduce a model
in which individuals may share rides for a certain fee, paid by the
rider(s) to the driver through a ride sharing platform. Collective de-
cision making is modelled as an anonymous non-atomic game with
a finite set of strategies and payoff functions among individuals who
are heterogeneous in their income. We examine how ride sharing is
organized and how traffic and ownership are affected if the platform
chooses the fee to maximize either revenue or welfare. We find that the
ratio of ownership to usage costs determines how ride sharing is orga-
nized. If it is low, ride sharing is offered as a peer-to-peer (P2P) service,
and if it is high ride sharing is offered as a business-to-customer (B2C)
service. In the P2P case, rides are initiated by drivers only when they
need to fulfil their own transportation requirements. In the B2C case,
cars are driven by full time drivers taking rides even if these are not
motivated by their private needs. We show that the introduction of ride
sharing may reduce car ownership, but it can increase traffic. Addi-
tionally, that traffic and ownership may increase as the ownership cost
increases and that a revenue maximizing platform might prefer cars to
be driven with only a few seats occupied, causing high traffic. We con-
trast these results with those obtained for a social welfare-maximizing
platform.
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Hedonic Diversity Games:
Core, and Social Welfare
Andreas Darmann

Nash Stability, the Strict

A hedonic diversity game (HDG) is a coalition formation problem,
where the set of agents is partitioned into two types of agents (say
red and blue agents), and each agent has preferences over the rela-
tive number (fraction) of agents of her own type in her coalition. In
a dichotomous hedonic diversity game (DHDG) each agent partitions
the set of possible fractions into a set of approved and a set of disap-
proved fractions. The solution concepts for these games considered in
the literature so far are concerned with stability notions such as core
and Nash stability. We add to the existing literature by providing NP-
completeness results for the decision problems whether a DHDG ad-
mits (i) a Nash stable outcome and (ii) a strictly core stable outcome
respectively, in restricted settings with only two (and three, respec-
tively) approved fractions per agent. In addition, applying approval
and Borda scores from voting theory we aim at outcomes that maxi-
mize social welfare (i.e., the sum of scores) in (dichotomous) hedonic
diversity games. In that context we provide an NP-completeness result
for HDGs under the use of Borda scores. For DHDGs with approval
scores, we draw the sharp separation line between polynomially solv-
able and NP-complete cases with respect to the number of approved
fractions per agent.

Pricing and Technology Competition with Switching
Costs
Yang Yang, Cheng-Hung Wu

This research develops a game-theoretical framework between a tech-
nology leader and a follower who sequentially developing pricing,
technology, and switching cost strategies. Switching cost is the one-
time tangible or intangible cost for repurchase consumers when they
switch from one provider they have previously purchased to another.
As a late-mover advantage, the follower can invest in technology imita-
tion to catch up with the leader while initially being at a technological
disadvantage. Meanwhile, both firms can invest in changing product
design to alter the switching cost in the market. Under a mixed multi-
nomial logit demand model, theoretical and numerical results are de-
rived by backward induction. We establish the inverse relationship be-
tween the technology catch-up investment of the follower and switch-
ing costs. Thus, switching costs can be regarded as the first-mover
advantage of the leader to impede the technological imitation of the
follower. Surprisingly, when the technology gap between the two firms
decreases, high switching costs may benefit consumers due to the fierce
competition between firms.

The control in hierarchical network systems
Felix Ereshko, Michail Gorelov

Awareness and decentralization are among the main problems in
decision-making theory and have attracted the attention of many re-
searches. Particular interest has been shown in these productions re-
cently due to the huge growth in data flow. Experience has shown
that, in practice, rather complex organizational systems are managed
in a hybrid hierarchical manner and that there are situations where
decentralized management is more effective. An explanation of the
reason for the effectiveness of decentralization of management was
proposed in the works of Germeyer Yu.B. and Moiseev N.N.: if the
decision-making person transfers part of decision-making authority
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to some agents, then joint efforts can make management more effec-
tive. Formal mathematical models that can describe this effect are
built in the works of Gorelov M.A. and are based on a new rep-
resentation of game-theoretic constructions using predicate calculus.
The paper presents models of different combinations of centralization-
decentralization and proposes procedures for calculating the guaran-
teed results of a dedicated player with different methods of processing
data. It is assumed that the object of study has a network character,
players in the system are placed in nodes of the graph, and the techno-
logical structure of their interactions is set.

Decision-making in the High Frequency Trading Project
Anton Ereshko, Igor Gasanov

The report outlines the experience of creating and effectively operating
a high-frequency trading robot in the mode of man-machine operations
in real trading conditions. The investor made adjustments to the pa-
rameters of the robot algorithm. In the intervals between these actions,
trading is carried out automatically in milliseconds according to the
rules set by the investor. To adjust these rules, a computing complex
was developed that includes a detailed simulation model of bidding.
A quantitative criterion is formed on the basis of dynamic indicators
based on market data received. Exceeding this threshold is a signal
to a financial instrument purchase or sale transaction. The function
for calculating the criterion contains numerical parameters. These pa-
rameters, like the threshold value, are configurable and depend on the
current state of the market. Special methods have also been developed
to adjust the parameters of the robot on the historical rows of trading
observations. Using all available data did not make sense, since the
market is constantly changing and the value of the old experience is
falling. At the same time, the use of short series of observations can
lead to adapting parameters to the specifics of a small sample that does
not reflect general trends and is not valuable for the upcoming bid-
ding period. The robot has shown its effectiveness in real trade and in
training competitions of private investors held by the exchange.
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Coordinating contracts for a reverse supply chain with
a segmented customer base
Grigory Pishchulov, Janu Rajendran, Anastasia Nitchenkova

The circular economy paradigm refers to collection, recovery and re-
use of used products, which helps to lessen the environmental impact
of the world economy by reducing landfill and consumption of raw ma-
terials, while offering economic benefits due to residual value of used
products. The return flow of used products gives rise to reverse and
closed-loop supply chains, which require coordination among supply
chain members. The work by Zeng (2013) [Coordination mechanisms
for a three-stage reverse supply chain to increase profitable returns,
Nav. Res. Logist. 60, 31-45] studies coordination in a reverse supply
chain involving a manufacturer and a retailer who coordinate their ac-
tions via a revenue-sharing contract. Differently from much of related
work, Zeng proposes an empirically validated model of customer base
segmentation, in which different customer segments have different mo-
tivation and different incentives for returning used products. In the
present work, we pursue further analysis of Zeng’s coordination prob-
lem and demonstrate that the revenue-sharing contract type adopted
in the original study setting does not generally entail supply-chain co-
ordination. We further demonstrate that coordination deficit can be
significant. To address this issue, we propose three different types of

contracts that help supply chain members achieve supply-chain coor-
dination. We further demonstrate the extent of economic and environ-
mental benefits of coordination on a number of examples.

Assessing the Supplier Selection Criteria based on Min-
imizing Pre-consumer Fabric Waste
Navodi Wijayarathne, Shirekha Layangani

Incorporating waste minimization techniques for the apparel industry
is becoming a key priority. Thus, prevention of waste at early design
stages are being considered in the modern context. The study explores
the possibilities to reducing Pre-consumer apparel waste by assessing
the influence of supplier selection criteria to prevent pre-consumer fab-
ric cutting waste at the early design stages. If the optimum fabric type
can be chosen when sourcing the fabric, it can lead to a reduction of
fabric cutting waste. Therefore, supplier selection criteria should be
thoroughly overlooked. The study analyzes the frequently used sup-
plier selection criteria when sourcing fabric in Sri Lankan Mass Ap-
parel Manufacturing sector. Additionally, it aims to introduce a new
supplier selection criterion that would lead to fabric cutting minimiza-
tion. The study consists of a case study scenario to validate the find-
ings using a Multi-Criteria Decision-Making model (MCDM). The in-
tuitionistic Fuzzy TOPSIS method is used as the MCDM model to val-
idate the linguistic human judgments involved in the supplier selection
process. As aresult, Fabric width is finalized as the new supplier selec-
tion criterion in terms of sourcing fabric in the mass apparel manufac-
turing industry in Sri Lanka. The possible reduction of fabric cutting
waste due to the new criterion is assessed using the maker-efficiency
ratio. The study concludes opening new avenues for supplier negotia-
tions in future research directions.

Food Supply Chain Management by a Sustainable Ap-
proach to Supplier Evaluation

Marina Segura, Concepcion Maroto, Baldomero Segura, José
Carlos Casas-Rosal

The evolution of supply chain management over the last decades has
shown a remarkable change in company purchasing departments to-
wards the strategic role of their activities, such as the evaluation of
providers and the decision-making in this area. The objectives of this
research are to develop models to solve real-world supplier evaluation
problems and validate them with real data on fresh fruits in a super-
market chain. Literature review and results from a survey with man-
agers from purchasing, logistics, and quality departments of a food
distribution company are used to establish criteria, to first model the
assessment of products and, second, to model supplier evaluation. A
multicriteria hybrid approach is proposed, using multi-attribute utility
theory (MAUT) to assess the quality of products and Preference Rank-
ing Organisation Method for Enrichment Evaluation (PROMETHEE)
to complete their evaluation with strategic criteria to be included in the
second phase. The results allow companies to rank suppliers by prod-
uct and classify them according to the main criteria categories, such
as product strategy, food safety, economic, logistic, commercial, green
image and corporate social responsibility. A sorting approach is also
applied to obtain ordered groups of suppliers. Finally, the models pro-
posed can form the core of a decision support system in order to create
and monitor the supplier base in food distribution companies, as well
as to inform sustainable decision making.

The analysis of the performance-based contracts from
the perspective of circular economy

Gizem Mullaoglu, Tarkan Tan

The United Nations proposed 17 sustainable development goals, to be
achieved by 2030, including issues related to health, responsible con-
sumption, and production amongst others. One of the best ways to
achieve the latter goal is through the Circular Economy (CE) with-
out jeopardizing growth and prosperity. The CE offers significant eco-
nomic benefits in addition to its environmentally-conscious perspective
as a result of the improved resource productivity. Therefore, to achieve
sustainable development, establishing a high degree of collaboration
in CE is inevitable. Without collaboration, stakeholders’ actions in
the supply chain are not always in the search of the overall best perfor-
mance of the supply chain but the primary aim is to optimize individual
objectives, and these individual concerns often yield poor overall per-
formance. However, optimal overall performance is achievable if the
firms coordinate by contracts such that each firm’s objective becomes
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aligned with the supply chain’s objective. Our study focuses on the co-
ordination between a supplier and a manufacturer in which contracts
are designed to incentivize circularity. We analyze and compare the
performance-based contracts on the circularity via a multi-objective
model. We aim to shed light on the contract design issues from the CE
perspective and provide beneficial insights and fruitful results for the
opportunities in contract design via circular economy.

m MB-43

Monday, 10:30-12:00 - Virtual Room 43

Stochastic models in inventory, emergency
departments and blood donation

Stream: Stochastic Modeling in Health Care
Invited session
Chair: Martina Doneda

1-

A discrete-event simulation model for analyzing and im-
proving operations in a blood collection center

Martina Doneda, Semih Yal¢indag, Inés Marques, Ettore
Lanzarone

Many literature reviews highlighted that the attention dedicated to the
donation step of the blood supply chain is marginal, in comparison to
other stages (e.g. storage). Motivated by this, we built a Discrete-
Event Simulation (DES) model to study the daily operations in a blood
collection center (BCC). We also included a feedback loop from the
DES to the appointment scheduling level. The DES model was built
in a parametric form, to allow maximal flexibility and customization.
We had a twofold aim: i) analyzing and comparing different center
configurations; ii) evaluating the effectiveness and feasibility of donor
schedules defined beforehand thanks to the loop, which allowed to ad-
just planning decisions if they determined operational criticalities or
infeasibilities. We tested the DES considering the data of a real Ital-
ian provider. We designed an experimental plan to compare different
scenarios for the chosen BCC. We selected the best ones using the per-
spectives of the three main stakeholders involved (donors, BCC per-
sonnel and BCC managers). These configurations were used to test the
feedback loop. Results confirmed the appropriateness of the proposed
DES model. It can be used as a decision support tool for dimension-
ing and managing a BCC, either as a standalone tool or in conjunction
with a higher-level scheduler, exploiting the feedback loop. Thanks
to its parametric form and inherent flexibility, it is capable of being
deployed in a variety of use-cases.

An Integrated Framework for At-Home Blood Collection
Semih Yal¢indag, Martina Doneda, Ettore Lanzarone, Inés
Marques

Blood Donation Supply Chains (BDSCs) are one of the most criti-
cal components of health care systems. According to a recent study,
the 2017 global need for blood was estimated to be 300 million units,
whereas the collection rate was only around 270 millions. Providing a
sufficient supply of blood has always been a global challenge, as blood
can only be produced from human donors. The COVID-19 pandemic
has worsened this issue, and shortages have dramatically increased.
According to the Italian National Blood Center, the production of red
blood cells in April 2020 was reduced by 36.4%, compared to the one
of April 2019. To increase donations and decrease shortages, in this
work we are considering an integrated framework to collect blood at
the donors’ homes, rather than in donation centers. To successfully
achieve this, we linked the Blood Donation Appointment Scheduling
(BDAS) and the Multi-Trip Vehicle Routing Problem with Time Win-
dows (MTVRP-TW) problems. This framework consists of three plan-
ning phases. First, possible time slots for donor appointments are cre-
ated, with the aim of balancing the production of the different blood
types. These slots are then turned into real appointments, according to
the received booking requests. Finally, a fleet of vehicles is organized

to collect blood from the donors’ homes, at the predefined donation
day and time. The proposed framework has been tested and validated
with the data obtained from an Italian blood collection center.

Managing Healthcare Inventory under Extreme Uncer-
tainty using Hidden Markov Models
Shirekha Layangani, Fernando Oliveira, Valery Paviov

Demand for medical and surgical items in hospitals is highly volatile,
noisy, and non-stationary. Due to these complexities and uncertainties,
forecasting has become a challenge in healthcare. In addition, hospi-
tals face difficulties due to frequent errors in demand records. These
errors directly impact on the cost and quality of healthcare service be-
cause wrong records can cause stock-outs of critical items, while ex-
cess can cause wastage and increased costs. Hence, detecting abnormal
demand patterns in demand records is useful for decision makers. We
introduce a framework to model extreme demand patterns and inven-
tory management in healthcare, based on Hidden Markov Models. We
are able to better explain the conditions under which extreme demand
and possible stock-outs are likely to occur, and to increase the effi-
ciency and effectiveness of the inventory management system, which
is able to maintain a higher quality of service at a significant lower
cost. We apply the framework to products with different volumes and
costs and test it using a Markov Decision Process, estimating the im-
provements in terms of costs and stock-outs achieved by the proposed
Hidden Markov Model.

Simulation of Hospital Processes During Covid-19 Pan-
demic
Veysi Isler, Umut KiliC, Merve Durmaz

Ever since the Covid-19 virus is considered a pandemic, there has been
concern about whether medical resources and supplies, including hos-
pital beds, intensive care units, ventilators, and protective equipment,
will be adequate in healthcare facilities. Forecasting intense demand
plays an important role in informing healthcare professionals and gov-
ernments about how to manage healthcare systems. In this direction,
we have developed a discrete event simulation. Simulation allows
many ’what if?” scenarios to be tested. This allows decision-makers to
test and better understand alternative ways in which a new policy may
be best met. Taking advantage of the Covid-19 open-source studies,
the data obtained were defined as inputs to the simulation model. With
these inputs, the density and bottlenecks that may occur in the hospital
were examined by running our model for 5 days. Based on all these, the
three most important factors were used in the model. These include the
number and supply of materials required for healthcare professionals
and the number of beds required for patients. Thanks to this simula-
tion, it tells how many beds are required in intensive care, services and
gloves should be supplied for the hospital, or how many Covid-19 tests
will be performed per day.
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1 - How OR became my business....
Michele Quattrone

We are used to thinking about how we can market OR, and how we
might get a potential customer interested in what we have to offer;
sometimes successfully, sometimes not so successfully. This session
gives us a chance to explore the problem from the clients viewpoint. A
panel of customers of OR will be invited to talk about how they dis-
covered OR, and how they integrate it into their project. This will then
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be opened up to Q&A, to find out more about what makes a good OR
project, and a good OR practitioner, from the customer’s viewpoint.

Speakers include: Cedric Valente, with 15 years of experience of lead-
ing transport management systems projects; Antonio di Carmine and
Massimo Rosti of Alstom, Lead Architect and Solutions Director of
Alstom’s Traffic Management System; and Ed Humpherson, Director
General for Regulation at the UK Statistics Authority. For the latest
details of speakers and their positions on OR, visit the "Making an Im-
pact’ webpages here: https://euro2021athens.com/specific-sessions/
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The price-setting newsvendor problem with barter ex-
change in adverse market circumstances
Milena Bieniek

We study the price-setting newsvendor problem with barter exchange.
The barter price is assumed to be endogenous and equal to the re-
tail price. We consider the customer stochastic demand which is ad-
ditive and linearly dependent on the price. The additive uncertainty
may allow negative demand realizations, especially in adverse market
conditions and therefore we take into account this fact in our model.
We prove that the solution to the newsvendor problem with barter ex-
change may be suboptimal and incomplete without the nonnegativity
constraint.

An integrated dynamic lot sizing and supplier selection
problem with payment modalities
Oussama Kajjoune, Tarik Aouam, Tarik Zouadi

The integrated dynamic lot sizing and supplier selection problem has
typically been studied in the context of optimizing the physical flow
of goods, assuming there is always enough cash to finance operations.
In reality, however, companies need to also manage cash flows and en-
sure that production and procurement plans are financially viable. The
present study jointly optimizes dynamic lot sizing, supplier selection
and cash flows, considering working capital requirements to finance
production and procurement activities. We consider a manufacturer
that produces single item and procures raw-materials from a set of
suppliers, each with specific costs and payment modalities. The manu-
facturer must decide on the quantities to produce and the quantities to
order from suppliers in each period, while satisfying operational and
financial constraints, with the objective of maximizing the net present
value of cash flows. The integrated problem is formulated as a mixed
integer nonlinear program (MINLP) and solved using a local-search
metaheuristic. Through numerical experiments, we analyse the basic
trade-offs between cost and payment delays, and study the effect of
various parameters on these trade-offs. Extensive computational ex-
periments are conducted to evaluate the performance of the proposed
solution procedure.

Hub Interdiction Problem Under Congestion: Models
and Solution Methods
Sneha Bhatt, Ankur Sinha, Sachin Jayaswal

In this paper, we look at the interdiction problem under the case of con-
gestion. In case of any disruption, intentional or random, that causes
complete failure of some of the hubs, re-routing all the flows through
the remaining hub facilities by just considering costs based on dis-
tances may result in a network that may assign most of the flows to

the nearest hubs. However, this may make some hubs highly con-
gested and may aggravate the effect of the disruption. In case of an
interdiction (intentional attack), we study the case where the defender
would consider re-routing all the flows while also avoiding conges-
tion at the hubs. The following two ways are considered to model
congestion: i) We assume hubs as spatially distributed M/G/1 queues
that account for any uncertainty in the arrival and service rates. ii)
We model congestion function as a power-law function that is con-
vex and increasing in the total flows at the hubs. Incorporating one of
the above functions in the interdiction framework leads to a max-min
problem with a non-linear lower-level objective function. We use two
exact approaches to solve the problem to global optimality and present
their computational performance. The first approach is based on us-
ing linear-approximations that overestimates the non-linear objective
function of the defender’s problem. In the second approach, we use
a second-order conic programming based reformulation of the lower
level problem, which can be solved using an off-the-shelf solver.

4 - Procurement Portfolio Planning for a Newsvendor with
Supplier Delivery Uncertainty
Yasemin Merzifonluoglu, Roshanak Mohammadivojdan,
Joseph Geunes

We consider the problem of allocating procurement quantities for a re-
quired input to multiple suppliers in advance of a selling season with
uncertain demand. Planning complexity is compounded by uncertainty
in whether each supplier will deliver on time, in addition to the ex-
istence of an option for reserving capacity with a perfectly reliable
supplier and the presence of a spot market for the input with an uncer-
tain price. We apply analytical methods including two-stage stochastic
programming with recourse, nonlinear optimization, and exact and ef-
ficient model-based heuristic solution methods. We show that for a se-
lected supplier, the newsvendor’s conditional service level, given that
the supplier delivers on time, equals a critical ratio value determined by
the supplier’s cost and reliability parameters. Post-optimality analysis
reveals interesting insights on the way reliability and cost parameters
interact to determine whether a supplier receives a positive order allo-
cation, as well as the impact of payment schemes on supplier selection
decisions. The analysis clarifies an insightful relationship between the
conditional service level and a critical ratio value for each selected
supplier. The results also sharpen insights on the way relative supplier
reliability and cost parameter values interact to determine an optimal
supply portfolio.
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1 - A stochastic dynamic model estimating reputation with
wear in-wear out levels and sales based on digital ad-
vertisement
Hakan Ak, Burak Pac

Reputation built through digital marketing plays a key role on sales,
and digital marketing sales have grown by leaps and bounds, becoming
the biggest marketing mean. In this paper, we firstly model the repu-
tation concept by a "wear in" function of marketing expenditure over
periods through different channels of digital marketing, and a "wear
out" rate over each period. Sales depends on the reputation level in a
period, along with direct click-through effects of advertisement chan-
nels, and is estimated by multiple linear regression. We use the Gaus-
sian error model in line with linear regression to generate scenarios
for the consumer response to expenditure decisions. Total profit max-
imizing scenario based stochastic dynamic model is shown to reduce
marketing expenditures while achieving the objective. The result is
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computationally confirmed on the test data, comparing to decisions of
the marketing department experts.

2 - New insights on the MAP counting process
Pepa Ramirez Cobo, Rosa Elvira Lillo Rodriguez, Marcos
Gonzalez Bernal

Markovian arrival process (MAPs) are known to constitute a versatile
class of point processes that allow for dependent inter-arrival times.
In this work, we aim to exploit such property for modeling modern
call centers, which are characterized by non-negligible dependence
patterns. Most of previous statistical approaches for MAPs are based
on the distribution of the inter-arrival times. In this work, however,
a different perspective is adopted, being the inference focused on the
properties of the associated counting process. In particular, this work
deepens into the counting process’ covariance function for which al-
most the only thing that is known is its closed-form expression. New
properties concerning the correlation patterns and monotonicity shall
be illustrated.

3 - Alternating alpha-series process: Properties and Appli-
cations
Sarah Marshall, Richard Arnold, Stefanka Chukova, Yu
Hayakawa

The lifetime of a repairable system can be modelled as an alternating
sequence of operational times and repair times. In the case of ageing
systems, operational times tend to decrease and repair times tend to
increase. In this presentation, we introduce the alternating alpha-series
process, which can be used to model this type of ageing system. This
study on the alternating alpha-series process extends previous work on
the alternating renewal process and the alternating geometric process.
We present some properties of the alpha-series process and introduce
two counting processes, associated with it. Also, we discuss an appli-
cation of these two counting processes to warranty cost analysis.

4 - Linear programming decomposition for dynamic dis-
patching and preventive maintenance of unrelated par-
allel machines
Bin Zhang, Cheng-Hung Wu

A linear programming decomposition (LPD) method is developed to
reduce the computational complexity of solving dynamic dispatching
and preventive maintenance (DDPM) problems. Although the DDPM
problems can be modelled and solved by Markov decision processes,
the required computation time increases exponentially with the number
of unrelated parallel machines. Consequently, solving DDPM prob-
lems is computationally infeasible in large manufacturing systems.
In order to reduce computational complexity, the LPD method is in-
troduced to decompose large DDPM problems into single-machine
DDPM problems. The objective function of the LPD method is to
maximize the overall capacity redundancy of machines. Through the
optimal capacity allocation of unrelated parallel machines, the com-
putational complexity of solving large DPPM problems grows linearly
with the number of unrelated parallel machines. Furthermore, simula-
tion results show that the LPD approach generates near optimal solu-
tion for DPPM problems and the performance of the LPD approach is
superior to other dynamic dispatching methods from the literature.
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A machine learning approach to speed up resource con-
straint evaluation for the crew rostering problem.
Michael Zhang, Andrea Raith, Andrew J Mason, Oliver
Weide, Olga Perederieieva

When airlines solve a crew rostering problem, the solutions obtained
must respect the airline industry’s many rules and regulations. We use
a column generation based solution method with resource constrained
shortest path problems (RCSPP) as subproblems to solve the crew ros-
tering problem. Typically, the rules are modelled as constraints and
resources in the RCSPP. The number and specifics of the rules may
vary over time and between airlines, and they can be a burden to re-
implement in RCSPP every time a change is necessary. We work with
a commercial partner who uses a complex and highly configurable ex-
ternal rule evaluator to calculate resource constraints. The rule evalu-
ator provides a level of abstraction between the RCSPP implementa-
tion and the resource constraints to handle the various airline require-
ments. Calling this rule evaluator can be computationally expensive
when paired with the NP-Hard nature of solving RCSPP problems. We
obtain and use the large amounts of data found during the solution pro-
cess and apply machine learning (ML) techniques to explore heuristic
ways to decrease the computational cost of calling the rule evaluator.
We investigate how well our ML models can identify and discard in-
feasible partial RCSPP solutions instead of calling the rule evaluator.
The intention is to integrate our approach into the overall solution pro-
cess and evaluate the effects of our predictive models’ inclusion when
applied to real-world problem instances.

The Aircraft Landing Problem with Target Landing time
Windows
Allen Zhou, Feng-Jang Hwang, Yao-Huei Huang

The aircraft landing problem (ALP) involves sequencing the aircraft
landings and assigning the corresponding landing times for an airport,
considering the minimisation of costs incurred by the early and late ar-
rivals. In the existing studies, each aircraft landing is associated with a
target landing time, any deviation from which will incur a penalty cost
of earliness or lateness. Besides, a hard constraint regulating a mini-
mum separation time between consecutive aircraft landings is imposed
for safety requirements, and the separation time depends on the types
and sizes of the landing aircraft. Each aircraft landing is required to
be within the time interval between its predefined earliest and latest
landing times. In this study, we investigate a generalised case in which
the target landing time is expanded to a target landing time window.
In the ALP with target landing time windows (ALP-TLTW), an air-
craft that lands within the bounds of the target time window incurs no
cost. An ILS (iterative local search)-type heuristic algorithm is devel-
oped to solve the ALP-TLTW for the minimisation of total weighted
earliness and lateness. Our preliminary experimental results indicate
the effectiveness and efficiency of the proposed solution method. The
comprehensive computational results will be reported and discussed.

Crew Teaming in Airline Pairing Optimization.
Waldemar Kocjan

Airline crew planning is a process performed in several consecutive
stages. It starts with manpower planning, estimating the crew neces-
sary to perform planned airline operations. In the next crew pairing
phase, a set of anonymous trips are created, series of flights starting
and ending at a specific crew base, which take into consideration crew
needed to perform each flight. Finally, in the rostering stage, created
trips are assigned to the real crew.

Creating trips in the pairing phase is subject to different requirements.
Crew teaming is a requirement to keep a flight crew together between
certain flights, during a working day or even throughout a whole trip.
Fulfilling such requirement is of great importance from the point of
view of operational stability of a crew schedule, however it is very
difficult due to differences in rules and costs between different crew
positions. The trade-off between cost of the solution and degree of
teaming is a significant challenge.

In this presentation we will address how teaming is encourage inside
the Jeppesen Crew Pairing product.
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1 - Foundations of OR: from LP to DEA
Zilla Sinuany-Stern

Operations Research (OR) as a discipline was born during WWII in
UK and USA, when scientists from various disciplines gathered to
solve complex military operations, such as: resource allocation, lo-
cation and logistics. Thereafter, OR was successfully applied to civil
problems. OR is a combination of several disciplines: Mathematics,
Computer Science, Statistics, Economics, Business and Industrial En-
gineering - and has many titles, such as: Management Science, De-
cision Science and Analytics. Although, initially, OR was interdisci-
plinary, it developed in the direction of mathematical modeling of com-
plex systems, and problems, which often do not have a closed-form
mathematical solution. Linear Programming (LP), with its Simplex
algorithm, developed by Dantzig in 1947, is the preeminent method-
ology associated with OR. LP stems from the simplest economic pro-
duction problem (i.e., how much should be produced of each product
to maximize profit or minimize cost under resources constraints) - in
which objective function and constraints are linear and the variables
are non-negative. The success of Simplex, and other OR algorithms
is due to the rapid, development of Computer Science, another inno-
vative, post WWII science. Ever since, LP has developed in multi-
ple directions, such as: large scale optimization, approximations for
non-LP problems, Integer Programming (IP), mixed IP, transportation,
timetabling, networks and Data Envelopment Analysis (DEA). Some
of these developments required new, improved, and faster algorithms.
DEA (1978) deals with another economic problem - finding the effi-
cient frontier of decision-making units (DMUs) - based on given inputs
and output data ex-ante. DEA employs sets of LP problems - one for
each DMU - to determine the efficiency of DMU. The lecture covers
the history of OR, LP and its derivatives - focusing on developments
in DEA.
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Chair: Nikola Besinovic

1- Keynote: Data Science in Alstom: Our Road from Mo-
bility Leader to Digital Giant
Nenad Mijatovic

In this talk, Dr. Nenad MIJATOVIC is going to provide real-life expe-
rience on how data science has been used to accelerate digitalization
in Alstom. Nenad will share Alstom’s insights on building successful
data science teams, delivering proper ML and Al software modules,
and dealing with data challenges in mobility. Also, he will provide
some specific examples of ML and Al algorithms used to solve com-
plex problems from data.
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1- VND-based algorithm on Packing and scheduling for
lockage through Three Gorges and Gezhouba Dams
Xiaopan Zhang, Julia Bennell

The Three Gorges Project in the upper middle Yangtze River is com-
posed of the Three Gorges Dam and the Gezhouba (abbr. GZB) Dam.
Besides the significant power generating capability, the project has in-
creased the shipping capacity remarkably. Two locks and a ship lift in
the TG dam and three locks in the GZB dam offer six canals for vessels
to traverse the dams, which face heavy cargo traffic every day. As the
two dams locate closely and have been managed centrally, it is neces-
sary to co-ordinate the lockage scheduling for both dams to improve
transport quality and save lockage resources including water and en-
ergy within a given scheduling period. The problem was modelled as
a deterministic bi-objective sequential 2D Next-Fit bin-packing where
the small items are vessels and the bins are the locks. A parameter-
ized VND algorithm with four neighborhood structures was proposed
to practice different local search ranges and a new lockage usage eval-
uation function was designed to intensify sensitivity of lockage usage
objective. A rolling horizon version VND algorithm was generated to
deal with longer period or larger scale traffic. Experiments were car-
ried out based on four kinds of traffic flows with different area and
shape distributions of vessels simulated according to the real historical
lockage request data. The results showed remarkable optimization of
each individual objective from the initial FCFS solutions.

2 - Large Scale Pricing Optimization for online fashion plat-
form
Vladimir Fux, Andrea Taverna, Torsten Gellert, Thorsten
Greiner, Gaurav Bhardwaj, Mariyam Fedoseeva, Nikhil Sethi,
Rodrigo Witzel, Sebastian Engels, Sebastian Wozny, Hanwei
Li, Xiao Wu, Rui Sun, David Simchi-Levi

In this work we discuss pricing recommendations problems tackled at
Zalando, Europe’s leading online fashion platform. The weekly pric-
ing recommendations need to provide discounts for several hundred
thousands Stock Keeping Units (SKUs) for all markets. Additionally,
for each SKU a number of business constraints should be considered.
Such recommendations span multiple weeks aiming to provide accu-
rate information for logistical and commercial planning. This problem
can be solved efficiently for each SKU independently and is similar to
the classical newsvendor problem. However, the decision process in-
cludes additional business requirements, expressed as targets for com-
mercial KPIs, which provide users fine control on pricing at markets
and business units levels. These targets are formulated as "global con-
straints" that bundle together multiple SKUs and make thus the prob-
lem much harder to solve. We tackle this challenge with a Lagrangian
decomposition approach, which decouples the problem again into mul-
tiple independent subproblems. The dual variables are optimized via
the Cutting Plane algorithm and a final primal solution is computed
via combinatorial heuristics that exploit the primal solutions generated
during the dual optimization. To match the scale of our assortment, we
implement massive parallelization using an advanced big-data pipeline
on Spark which optimizes the Lagrangian subproblems efficiently with
an open source solver

3 - Preference Disaggregation Approach of CODAS method
Mouna Regaieg
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The Multi-Criteria Decision Making (MCDM) tackles four types of
problems: ranking, sorting, choice and description. The aggregation
method CODAS (COmbinative Distance-based Assessment) is a new
MCDM method that consists in ranking each alternative from the best
to the worst. However, it requires fixing parameter values directly by
the decision maker (DM) in a subjective manner. The objective of
this paper is to develop a preference disaggregation approach in or-
der to determine objectively the CODAS threshold value from binary
preference relations provided by the Decision Maker. The proposed
approach is based on mathematical programming. Like any prefer-
ence disaggregation method, the problem consists in minimizing the
inconsistency between the model obtained with this parameter and
DM’s preferences. Furthermore, an illustrative example is performed
to check the performance of this disaggregation approach. Finally, sen-
sitivity analyses are carried to check the sensitivity of the results while
varying thresholds.

4 - Finding the adequate solution for a real waste collection
problem using an interactive method
Laura Delgado Antequera, Francisco Ruiz, German Gemar,
Rafael Caballero

In the last few years, public organizations show an increasing willing-
ness to solve real problems with multiple criteria. In particular, waste
management involves a set of economic, social, labor and environmen-
tal aspects, which implies a big effort from these companies that must
provide a good service. Many algorithms have been developed in order
to obtain the best set of Pareto solutions for this kind of multicriteria
real problems, according to their different particularities. However,
despite the large number of proposals dealing with multicriteria waste
collection problems, just a few papers present a friendly discussion
method, from which the decision maker (DM) is able to learn from the
process, analyze the situation and reset the parameters to explore, from
the given set of feasible solutions, in order to find the best, according
to his preferences. To facilitate the information exchange between the
analyst and the decision maker along the decision making process, we
present an interactive method implemented within a graphical user in-
terface (GUI). In this context, a valid approach to the Pareto Set is
externally generated. To conclude, we apply this methodology to pro-
vide the right solution for a regional waste collection problem from the
south of Spain.
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1 - Instantaneous Control of an Inventory with Unknown
Trend
Giorgio Ferrari, Salvatore Federico, Neofytos Rodosthenous

In this paper, we study the problem of optimally managing an inven-
tory with unknown trend. Our formulation leads to a stochastic con-
trol problem under partial observation, in which a Brownian motion
with not observable drift can be singularly controlled in both an up-
ward and downward direction. Assuming that the demand’s trend is
a Bernoulli random variable, we first derive the equivalent separated
problem under full information and we then completely solve the lat-
ter. In particular, we show substantial regularity of its value function,
we construct an optimal control rule, and we show that the free bound-
aries delineating action and inaction regions are Lipschitz continuous.
Our approach uses the transition amongst three different but equivalent
problem formulations and a link between two-dimensional bounded-
variation stochastic control problems and games of optimal stopping.

In order to show that the value function of the control problem pos-
sesses the sufficient regularity needed to perform a verification theo-
rem, we develop a probabilistic method in combination with refined
viscosity theory arguments.

Expanding Multi-Market Monopoly and Nonconcavity in
the Value of Information
Stefan Behringer

I investigate a Bayesian inverse problem in the specific setting of a
game with a price setting monopolist facing a randomly growing de-
mand in multiple interconnected markets. Investigating the Value of
Information of a signal to the monopolist, both in full and pro-rata,
we find that the former can be non-monotonic in the variance of the
signal whereas the latter will always be monotonic. This implies that
there are ranges of the signal noise over which the Value of Informa-
tion may either decline or increase. This range critically depend on the
exogenous growth rate of the market potentials.

Optimal environmental policy adoption under unpre-
dictable future social costs
Neofytos Rodosthenous, Giorgio Ferrari

We study the problem of optimally adopting an environmental policy
to reduce emissions, when the socioeconomic impact of pollution is
unpredictable (e.g. related to uncertain future technological advances).
In this talk, we formulate this task as an optimal timing problem un-
der partial observation of the (random) drift of the stochastic social
costs of environmental pollution. Using the filtering estimate of the
unknown drift, the social planner continuously learns (updates her be-
lief of) the true average social cost and the problem thus becomes
two-dimensional. We develop a probabilistic methodology building on
three different but equivalent formulations of the problem to construct
an optimal policy which minimises the overall costs of atmospheric
pollution stock and its derived (partially-observable) social costs coun-
terbalanced by the sunk costs of policy adoption. The strategy pre-
scribes adopting the policy when costs breech a threshold which is a
function of the social planner’s learning process.

The impact of the information about the initial condi-
tions on the solution of cooperative differential games
Ekaterina Gromova, Anna Tur

We consider a class of continuous time optimal control problems in
which there are n decision-makers (players) that have an opportunity
to cooperate, namely, a class of cooperative differential games.

For this class of games, we study how the knowledge about the initial
state changes the solution both in the sense of players’ payoffs and the
respective cooperative solutions such as the Shapley value, the Banzhaf
index, and the core.

To illustrate our analysis of the value of information we consider an
example from the differential game of non-renewable resource extrac-
tion. Furthermore, we demonstrate how the information about the time
horizon of the game changes the cooperative solution.

The work of E. Gromova is supported by the Russian Science Founda-
tion (project no. 17-11-01079).
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E-Commerce Warehousing: Order Fulfillment in Modern
Retailing
Felix Weidinger
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E-commerce led to drastic changes in end consumer behavior over the
last decades. As a consequence, today’s retailers often need to provide
online channels to stay attractive and competitive. However, behind the
online front-end, logistic processes are needed, capable of smoothly
shipping small orders, picked from a large assortment in little time.
These processes are complex and differ from classical warehousing
processes to a large extend. The dissertation project presented sum-
marizes today’s challenges, surveys common implementations of e-
commerce warehousing systems as well as related literature, and iden-
tifies new planning problems in modern e-commerce warehouses. A
selection of novel planning problems from different domains and ware-
housing systems is investigated further. Based on mathematical mod-
els and complexity analyses, suited, tailor-made solution procedures
are suggested, helping to tackle operational problems in these com-
plex environments. In additional computational studies and simulation
runs, strategic and tactical decision support is provided, considering
feedback from the operational planning steps optimized. Managerial
implications are part of each chapter, therefore. Additionally, prob-
lems are set in relation to classical warehousing operations. Empha-
sizing the differences to classical approaches, valuable insights into
modern warehousing are given to researchers and practitioners.

New Trends in Algebraic Equivalent Transformation of
the Central Path and its Applications
Petra Rendta Rigo

The aim of the thesis is to propose, develop and analyse new interior-
point algorithms (IPA)s. We also investigate the possibility of extend-
ing some IPAs from linear optimization (LO) to more general prob-
lems, such as linear complementarity problems (LCPs) and symmetric
optimization (SO) problems. A large amount of articles have been pub-
lished in this area. This is due to the fact, that these problems have a
wide range of applications in different fields. It has been proven that
the Nash equilibria of a bimatrix game are the same as the solutions
of an appropriate LCP. The Karush-Kuhn-Tucker conditions of non-
convex quadratic optimization problems lead to LCP, too. Moreover,
LCP can also be used for testing copositivity of matrices. The Arrow-
Debreu competitive market equilibrium problem with linear and Leon-
tief utility functions can also be given as LCP. In general, LCP belongs
to the class of NP-complete problems. However, Kojima et al. showed
that if the problem’s coefficient matrix has a special property, called
Px(x)-property, IPAs for LCP have polynomial iteration complexity in
the size of the problem and in the special parameter k, called the handi-
cap of the problem’s matrix. The SO problem is a convex optimization
problem, which minimizes a linear function over the intersection of an
affine subspace and a symmetric cone. Note that SO includes semidef-
inite optimization (SDO) and second-order cone optimization (SOCO)
and it has a lot of applications in physics, finance, etc.

In this thesis new results are included related to different areas of math-
ematical optimization, such as LO, LCP and SO. The leading thread
through this work is the algebraic equivalent transformation (AET)
technique in the context of IPAs. This method plays an important role
in the theory of IPAs, because using it the representation of the cen-
tral path is significantly modified, and this changes the location and
the neighbourhood of the target points compared to the target points
and neighbourhood corresponding to the original representation of the
central path. As a consequence, we can define new search directions
that yield new IPAs. The method of AET consists of applying a contin-
uously differentiable and invertible function on the centering equation
of the central path system. To our best knowledge, the broadest class
of function used in the AET technique is due to Haddou et al., who
introduced a family of smooth concave functions for monotone LCPs.
One of the novelties of this thesis is that we apply the new function ¢p(t)
=t — +/t on the centering equation of the system defining the central
path. This function does not belong to the class of concave functions
proposed by Haddou et al. We also show that the barrier associated
to the introduced function cannot be derived from a usual kernel func-
tion. Therefore, we introduce a new notion, namely the concept of the
positive-asymptotic kernel function. We also present the relationship
of the AET technique to other approaches to determine search direc-
tions. Furthermore, we present four IPAs for solving different types
of optimization problems that use this function in the AET technique
in order to determine the new search directions. The first one is a
classical primal-dual algorithm for LO. The second IPA is a predictor-
corrector (PC) IPA for solving LO problems. The third new algorithm

is also a PC IPA [1] for solving Px(x)-LCPs. In this part of our work
we also give a unified framework of the Newton systems and scaled
systems in case of PC IPAs for solving Px(k)-LCPs. The fourth new
IPA solves SO problems and uses the same function in the AET tech-
nique in order to obtain the new search directions. In all four cases
we present the complexity analysis of the proposed IPAs and we show
that the methods retain the best known polynomial iteration complex-
ity. Several questions remain open for future work. For instance, it
would be very interesting task to find a general class of functions ¢ for
AET which includes the function ¢(t) = t—+/t and which gives IPAs
with the best known complexity results for solving LO, Px(x)-LCPs
and SO problems. Furthermore, we would like to extend our PC IPAs
to more general problems, such as the general LCPs in the existen-
tially polytime-sense and to sufficient LCPs over Cartesian product of
symmetric cones.
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(Financial) Accounting Conservatism & Capital Markets
- The Nexus of Book- to Market Values - A New Ap-
proach -

Tim Burger, Sascha H. Moells

Despite the growing importance of capital markets as a source of fi-
nancing and the corresponding alignment of corporate disclosure with
the interests of shareholders, potential accounting conservatism is still
a key feature of financial accounting: While conservatism ("prudence")
is typically perceived in terms of the opposed processing of good news
versus the processing of bad news regarding the disclosed change in
value of accounting items, the aforementioned imbalance might result
in blurry performance indicators potentially impairing the efficiency of
capital markets. While previous studies investigate conservatism fo-
cusing on the reaction of new information by means of examining the
value of write-offs, we, in contrast, directly examine the value of bal-
ance sheet items, i.e. based on a more inclusive understanding of con-
servatism compare firm (market) values with book values of assets and
liabilities. As a result of this comparison, we derive specific param-
eters allowing to redefine common valuation ratios as expressions to
quantify conservatism. Building on this theoretical (regression) model,
comparative empirical evidence enables us to analyze distinct account-
ing standards capturing the features of different underlying corporate
governance systems. While first empirical results seem to confirm our
theoretical reasoning, we are inclined to further address methodologi-
cal issues to improve the scope of our novel approach.

Impact of deferred taxes on the percentage of self-
financing
Carolin Famulla

Deferred taxes are defined as expected futural tax payments respec-
tively refunds, which arise because of temporary differences between
the accounting and tax balance sheet, according to International Ac-
counting Standard No. 12. Due to their temporary character, deferred
taxes have a compensatory effect over the total period. During the
individual periods deferred taxes affect the comprehensive income and
equity with regard to the financial statement. According to the balance-
sheet-oriented temporary-concept, deferred taxes relate to items recog-
nised inside as well as outside profit and loss. In addition, deferred
taxes have an impact on the percentage of self-financing as a selected
key balance sheet figure. Thereby the relation between retained earn-
ings and equity determines the percentage of self-financing. This key
figure is a percentage measure for the permanent distributable income
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as a proportion of the equity. Depending on the resolution of the share-
holders regarding to the appropriation of the net income deferred taxes
affect the distributable income in different height. In consideration of
the accounting discretion the effect of deferred taxes that are recog-
nised inside and outside profit and loss is modelled on the percentage
of self-financing over the duration of the underlying temporary differ-
ences. The presented approach shows the discretionary decisions on
the recognition and measurement of deferred taxes in order to maxi-
mize the percentage of self-financing.

Accounting standards precision and timeliness of ac-
counting information: Evidence from China
Fei Song, Jianan Zhou

This paper addresses the role of principles-based accounting standards
as a potential mechanism for reducing the time delay of annual re-
porting disclosure while improving the timeliness of accounting in-
formation. The paper also contributes to the existing literature by ad-
dressing the mediating effects of the financial reporting complexity and
the audit workload on the link between principles-based accounting
standards and the time delay of annual reporting disclosure. The re-
sults show the more principles-based the accounting standards are, the
lower the time delay of annual reporting disclosure is, and the timelier
the disclosure of accounting information is. The relationship between
the two is more significant especially in the first two months after the
end of the fiscal year. From the mediating effect results, we find that
principles-based accounting standards decrease the financial reporting
complexity and the audit workload which in turn can help lower time
delay of annual reporting disclosure. In addition, the negative effect
of principles-based accounting standards on the time delay of annual
reporting disclosure is more significant in the case that the company
has "good news" including with no losses and receiving the standard
auditing opinions. The results of this paper have certain reference sig-
nificance for accounting standards setters when formulating and revis-
ing the accounting standards, and also provide empirical evidence for
auditors, investors and regulators.

Impact of Systemic Risk Regulation on Optimal Policies
and Asset Prices
Xuecan Cui

Although a few systemic risk management approaches have been pro-
posed in the literature and implemented in the industry, such as stress
tests based scenarios, the impact of such regulations remains unclear.
In this paper, we present a theoretical framework to study the impact
of systemic risk management on financial institutions’ optimal policies
and asset prices in equilibrium. Specifically, we study the impact of the
conditional VaR (CoVaR) and Systemic Expected Shortfall (SES) con-
straints and illustrate the potential adverse effects of conditional risk
measures given the market is under stress. We nd that a proper choice
of the SES constraint, especially using information under risk neutral
probability, may effectively reduce these effects.
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Emission Trading System: prices, reduction, and trade
Rita D’Ecclesia, Giacomo Morelli, Kevyn Stefanelli

The Emissions Trading System (ETS) is considered as one of the most
cost-eective way to reduce polluting emissions. In this paper, we pro-
pose a mechanism design for the ETS and provide analytical charac-
terization of equilibrium prices for polluting allowances that are deter-
mined by optimal trade and emissions reduction. We uncover achieve-
ments in meaningful reduction only through the aggregate effort of go-
ing low-carbon. To validate the analysis, we are able to replicate the
European ETS showing the relevance of our results.

Exploring Green Financial Opportunities
Kevyn Stefanelli

Green finance consists of a wide range of projects and investments
aimed to ensure a better environmental outcome, in line with the Sus-
tainable Development Goals. Several new financial instruments have
been designed with the aim to have responsible or sustainable invest-
ments. However, the Green securities have been found to show dif-
ferent performances. In particular, the recent literature has been fo-
cusing on analyzing the advantage of investing in green bonds, make
comparisons on the risk/return tradeoff of ESG rated companies, and
analyze the performances of sustainable mutual and exchange-traded
funds (ETF). In this paper, we aim to identify common features and
various time horizons in environmentally responsible investments, in
order to provide a taxonomy of the securities according to risk prefer-
ences and the chosen time horizon. We provide the investors with an
accurate understanding of the various responsible investments traded
on the market. We analyze sixty recent empirical works which deal
with the modeling of responsible investments. We classify the results
taking into account the i) country of analysis; ii) methodology used;
ii) time frame iii) data used (monthly vs daily data); iv) methodol-
ogy (structural or market analysis). We are able to classify the results
according to the i) country of analysis (Europe, US, and rest of the
world); ii) time frame (decades or shorter); iii) data used (monthly vs
daily data); iv) methodology (structural or market analysis).

A Global Gas Market Model for Risk Management: Ef-
fects of U.S.-LNG on Gas Markets in Western Europe
Maik Giinther

Liquefied natural gas (LNG) plays an important role as a bridging tech-
nology to reduce CO2 emissions and has the world’s largest growth
potential among fossil fuels. In the last years, the U.S. constructed
LNG export terminals and it is expected that they will further increase
the liquefaction capacities. The costs of LNG exports are composed of
the price for natural gas in the country of origin and the LNG process
costs with liquefaction, transport, storage and regasification. Thus, the
Henry Hub (HH) price in the U.S. is important for U.S. LNG exports
to Western Europe. For asset valuation and risk management of a util-
ity company the effects of price changes at HH on gas flows and gas
prices in Western Europe are important to know. The gas market model
WEGA is used for these to analyses. This LP model was developed
with Xpress and optimizes global gas flows in daily resolution. The
results of WEGA reveal that the price at HH has significant effects on
U.S. LNG exports as well as on gas flows and gas prices in Western
Europe. Especially pipeline gas in Western Europe will absorb fluctu-
ations of U.S. LNG exports. Furthermore, analyses of gas prices show
that U.S. LNG is exported below their long run marginal costs if the
gas price at HH is too high. However, increasing gas prices at HH will

47



MC-02

EURO 2021 - Athens

not necessarily lead to one-to-one increasing gas prices in Western Eu-
rope, because there are other competitive sources available, e.g. from
Qatar, North Africa and Russia.
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Two-stage stochastic/robust scheduling using per-
mutable operation groups: a constraint programming
approach

Louis Riviere, Christian Artigues, Hélene Fargier

Even after being studied extensively, scheduling problems are still rel-
evant today due to their wide range of concrete applications especially
when considering uncertainty . We propose an efficient constraint pro-
gramming approach for the computation of a flexible solution based on
"permutable operation groups" with a simple second stage reordering
policy; applied to a single machine problem with release dates, due
dates, precedence constraints and aiming for the minimization of the
maximum lateness over a sampled set of scenarios. We study the rela-
tive performance of this approach compared to a more classical single-
schedule robust solution with shift repair policy. As group solutions
dominate sequence solutions, the proposed approach should outper-
form the classical robust one, but given a limited search time, and the
much larger size of the search space, it was unclear if the approach
could perform better in practice. Results show that on smaller in-
stances, or on instances with many considered scenarios and/or high
inter-scenario variability, it can be advantageous to use the flexible
solver. However, on more difficult, larger instances and instances with
many precedence constraints, the single-sequence solver outperformed
the flexible one.

Robust Decision Tree for MMRCPSP
Tom Portoleau, Christian Artigues, Romain Guillaume

The consideration of uncertainty in scheduling problems has been ex-
tensively studied in the literature. Classically, two families of methods
have emerged. Pro-active approaches aim at building robust schedules
in an off-line phase, with a theoretical guarantee on the objective but
which in practice produce very conservative solutions. On the contrary,
reactive approaches compute new schedules on-line to quickly face un-
certainties when they occur. The challenge of our approach is to build
a robust decision tree that proposes to the decision-maker to adapt the
current planning in an on-line manner to best respond to the current
scenario. To build such a tree, we assume that there are so-called de-
cision moments, moments during which the decision-maker is able to
observe the planning process, to access information about the realisa-
tion of the scenario and to modify the current solution. However, it is
possible that access to this information is expensive, and that not all
information is relevant to improve the quality of the current solution.
In order to select "good" information we model the information se-
lection problem as an optimisation problem.To evaluate our trees, we
compare ourselves to a reactive algorithm that uses the same informa-
tion as them but in a random way. All tests are carried out on industrial
instances. The aim is to show that the choice of relevant information
allows for the computation of better quality solutions.

Evaluating productivity metrics for dynamic scheduling
problems
Gongalo Figueira

Many real-world scheduling problems are dynamic, i.e., new informa-
tion arrives continuously and implies frequent rescheduling. This was
common in the past and will be even more in the future, with the dis-
semination of the Internet of Things in various domains. Nevertheless,
these scheduling problems are often approached as static, especially in
the presence of characteristics where pure online approaches tend to
underperform, such as precedence constraints or sequence-dependent
setups. The solution approach of these static problems is then incor-
porated in a rolling-horizon procedure, which periodically reschedules
using new information. However, one issue that has been overlooked
is that the metric to be optimized in the long-term is not necessarily a
good objective function for each iteration of the rolling-horizon pro-
cedure. For instance, makespan, the most common productivity met-
ric, will depend on the completion time of the last operation, but this
becomes irrelevant in subsequent iterations as new orders arrive. We
propose, analyse and simulate different productivity metrics for mul-
tiple dynamic scheduling problems, including single machine, parallel
machine, job shop and flexible job shop. We show their relative per-
formance in a variety of scenarios.
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Interactive Multi-step Configuration Optimisation using
Evolutionnay Algorithm and Constraint Programming
Elise Vareilles, Michel Aldanondo, Paul Pitiot, Abdourahim
Sylla

Concurrent configuration activity of a system and its associated pro-
duction process is a challenging problem in engineering. It gathers in
a single problem multiple choices and constraints which come simulta-
neously from systems (choices of system’s features and components),
from processes (choices and allocation of resources) and from their re-
lations. Its optimization, considering multiple objectives, such as cost,
delivery date, carbon footprint, is thus a huge challenge in view of its
complexity and combinatorial solution space.

‘We propose in this paper an interactive way to deal with user’s prefer-
ences in concurrent configuration problems and to guide the optimiza-
tion process.

A specific multi-objective optimization algorithm, named CFBEA
(Constraint Filtering Based Evolutionary Algorithm) has already been
proposed, combining evolutionary and constraint approaches for con-
sistent individual generation. Based on CFBEA, the proposed inter-
active optimization runs into three steps. First, the user inputs his/her
non-negotiable and essential features, such as system high/low power
or forbidden resources. Second, a "rough" approximation of the Pareto
Front is quickly searched and proposed to the user. Third, the area of
the Pareto Front which is interesting for the user is identified (clearly
delineated by thresholds on criteria), and a new optimization step is
launched. Our interactive approach has been evaluated and is very
competitive wrt competitive approaches.

Local Search and Greedy Search Combined with Prefer-
ence Elicitation for Maximizing Submodular Functions
under Matroid Constraints

Cassandre Leroy, Nawal Benabbou, Thibaut Lust, Patrice
Perny
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We propose two incremental preference elicitation methods for inter-
active preference-based optimization on weighted matroid structures.
More precisely, for submodular utility functions, we propose an in-
teractive greedy algorithm interleaving preference queries with the in-
cremental construction of an independent set to obtain a near-optimal
base of a matroid. We also propose an interactive local search algo-
rithm based on sequences of possibly improving exchanges for the
same problem. Our algorithms are tested on the uniform and parti-
tion matroids to solve the maximum coverage problem and evaluated
in terms of computation times, number of queries, and empirical error.
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1 - Analyzing Dial-a-Ride systems in Austrian rural regions
Kerstin Maier, Philipp Armbrust, Philipp Hungerléinder,
Veronika Pachatz

The Dial-a-Ride Problem (DARP) asks for a minimal cost schedule for
a set of customer requests served by a fleet of vehicles. Further restric-
tions, like time windows, pick-up and drop-off locations and capac-
ity constraints are generally customary. A common example arises in
passenger transportation, especially for elderly people or people with
impaired mobility. In this work, we consider two different DARP sys-
tems employed by Austrian mobility providers. Both operators focus
on rural regions and make use of a heterogeneous fleet of vehicles.
Additional characteristics are for example the transportation of peo-
ple with impaired mobility or break times for drivers. We consider
two different optimization approaches, namely a Mixed-Integer Linear
Programming approach and Large Neighborhood Search. In a compu-
tational study, we show different operator scenarios, like minimizing
overall driven kilometers, number of used vehicles or the number of
unscheduled requests, for up to 500 requests per day and 30 vehicles.

2 - Rebalancing via combinatorial optimization in a real life
smart bike-sharing service.
Zisis Maleas, Georgia Ayfantopoulou, Josep Maria Salanova
Grau, Panagiotis Tzenos, Andreas Nikiforiadis

This study deals with the bike-sharing problem. In particular, the
authors present a rebalancing algorithm for a bike-sharing system in
the city of Thessaloniki. The system that is optimized involves many
important features like monitoring bike motion, data collection, data
analysis and visualization, prediction, and redistribution. Authors de-
veloped a rebalancing algorithm based on combinatorial optimization
with the use of pickup and delivery vehicle route problem (PDVRP).
Based on FCD taxi data analysis that the authors made, near 40% of
trips in the Municipality of Thessaloniki are less than Skm, and the
fact that on average each trip duration increased by 30%, bike-sharing
alternative it’s not just a good option but also an emerging solution
for the future sustainability of the city. The designed algorithm for
PDVRP is a relaxation of the complete form of the primal problem.
Our relaxation drops the sequence dimensions and considers only the
connection among nodes. So the solution contains a list of variables
that compose the path. In that, model capacity constraints included as
well as a variable that decides the bike flow between the stations fol-
lowed by continuity constraints and a tree search that returns the final
solution. Finally, illustrated some methods that can handle that dy-
namic perspective along with precise implementation guidelines that
could further improve bike-sharing services.

3 - Optimised management of a fleet of electric au-
tonomous vehicles
Matthieu Bessoles, Pierre Hosteins, Paola Pellegrini, Joaquin
Rodriguez

We propose to study a real-world problem where a public transport
operator manages a fleet of electric autonomous vehicles on a pub-
lic transport line. The line proposes a classic fixed timetable at peak
hours. However, at off-peak hours, the line proposes an on-demand
service, where the clients ask to be taken and brought anywhere along
the line, with either a preferred departure or arrival time. We propose
a Mixed Integer Linear Programming model for this problem, in order
to maximise the level of service for the customers while minimising
the fleet utilisation (and therefore costs). Since the shuttles travel on
a dedicated infrastructure, we model the problem at the microscopic
level, handling the occupation of the infrastructure by each individual
shuttle, even handling the take over between shuttles. We will present
some features of this MILP which are new to this type of problem and
do not usually appear in guided transport traffic management (e.g. rail-
ways) or road transportation problems. Our model also handles the
assignment of customers to shuttles and the possible charging of the
shuttles at depots. We will discuss the limitation of our model in terms
on realistic instances provided by the French company SNCF.
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1 - Similarity of ranking vectors in the pairwise compar-
isons method
Konrad Kutakowski, Jiri Mazurek, Michat Strada

There are many priority deriving methods for AHP. It is easy to prove
that the ranking results do not depend on the adopted priority deriv-
ing method for the consistent set of pairwise comparisons. For an in-
consistent matrix, however, the results usually differ. In the presented
work, the authors try to determine a difference between priority vectors
computed using two popular ranking methods: the eigenvalue method
and the geometric mean method. The obtained estimate is based on
the local inconsistency of the pairwise comparisons matrices. The au-
thors complemented the theoretical considerations with the results of
the Monte Carlo experiment.

2 - Efficiency and performance evaluation by AHP model:
A comparison with traditional approaches
Josef Jablonsky

One of the most often applied approaches for relative efficiency evalu-
ation is data envelopment analysis. The aim of the study is to propose
a simple AHP model for evaluation of DMUs and compare the results
with traditional models. AHP organises decision problems as hierar-
chical structures always containing several levels. The topmost level
defines the goal of the decision problem which is the evaluation of the
DMUs in our case. The next level contains decision criteria (inputs and
outputs). This level can be structured into several particular sub-levels.
The lowest level of the hierarchy describes alternatives (DMUs). The
DMUs cannot be pairwise compared with respect to inputs and/or out-
puts directly because of possible significant differences among DMUs
in their size and input and output values. That is why we suggest com-
paring them with respect to all ratios outputs/inputs which describe
particular efficiencies of the DMUs. Depending on the number of effi-
cient DMUs that are ranked either the AHP with relative measurement
or absolute measurement can be used. The proposed approach is illus-
trated on a numerical example with a real-world background.
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Two spanning-tree-based inconsistency indices of pair-
wise comparisons matrices
Jacek Szybowski, Konrad Kutakowski, Anna Prusak

The pairwise comparisons method is a process of comparing object in
pairs to obtain a ranking of alternatives. An algebraic representation
of this process are pairwise comparisons matrices (PCMs). The in-
consistency in judgements may be measured by different indices, e.g.
Consistency Index (CI), Koczkodaj Index (KI), Geometric Consistency
Index (GCI), or Harmonic Consistency Index (HCI). Most of these in-
dices, however, measure the inconsistency only of complete PCMs,
while it is often impossible or too expensive to compare each pairs
of alternatives. Fortunately, to obtain the final ranking it is enough to
have indirect comparisons between each alternatives. When we repre-
sent the set of comparisons as a graph, each spanning tree induces a
ranking vector. In the case of a consistent PCM (complete or incom-
plete) this vector does not depend on the choice of a spanning tree.
This simple observation leads us to the definition of two new inconsis-
tency indices, which may be treated as deviations of weights vectors
or order vectors resulting from different spanning trees of a pairwise
comparisons graph. We call them the Manhattan Inconsistency Index
(MII) and the K-Inconsistency Index (KII), respectively. In the presen-
tation we give some examples of the calculation of MII and KII and
discuss the correlation between them and other inconsistency indices
using the Monte Carlo simulation.
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Dynamic Airspace Configuration in 5 minutes combin-
ing deep nets and unconstrained optimization
Giorgio Grani, Carlo Mannino, Patrick Schittekat

Dynamic airspace configuration (DAC) is the problem of identifying
a suitable partition of the airspace to guarantee the best workload im-
balance for air traffic controllers, dynamically adjusted to consider the
current traffic. Changing the shape of control sectors through time
has gained increased interest among European countries. The prob-
lem has been mostly addressed by employing genetic algorithms on a
daily horizon, making it impractical for optimizing over a finer time
window. Ideally, the sectors should change dynamically not less than
every half an hour, exploiting different scenarios, leaving small time
for the optimization. In this work, we present DAC-AI, a novel proce-
dure that uses a deep neural network as an estimator for the complex-
ity drivers. Once the training has concluded, DAC-AI imposes a fixed
connection structure in the form of a graph, and finally, it optimizes the
average imbalance by first-order unconstrained optimization. The deep
model is composed of two incidental LSTM networks, handling mul-
tiple trajectories. The procedure is supported by two heuristics, one
for merging and the other for splitting respectively, which use the deep
estimator in a greedy fashion. The algorithm has an average response
time smaller than five minutes for medium-sized airspaces. This work
is part of a study conducted by SINTEF and the Italian airspace reg-
ulator (ENAV). Preliminary tests have been conducted over the Milan
flight information region.

Design Factors for Optimized Railway Dispatch Under
European Operating Rules
Steven Harrod, Giuseppe Matera

Multiple trials of railway traffic management systems incorporating
mathematical programming have successfully completed in the last
five years. Multiple railway infrastructure managers have announced
tenders or projects for implementation of larger scale systems that are
intended to be long term commitments. In this presentation, Dr. Har-
rod presents insights collected from other transport modes and other
large scale industrial planning systems. How does a commercial im-
plementation of optimized dispatch differ from the experimental trials
of academic research?

European Union law sets very specific expectations and limits on how
railway infrastructure managers must serve train operating companies.
These expectations are also found in national laws of the EU member
states. Dr. Harrod proposes a possible multi-level decision structure
based upon methods from airline traffic control. The objective is to
achieve the transparent and neutral dispute resolution of conflicting
trains required by EU law.

The Berth Allocation and Quay Crane Assignment Prob-
lem considering crane movement and setup times
Juan Correcher, Federico Perea, Ramon Alvarez-Valdes

Container terminals are the main gates for goods all over the world.
Both maritime and in-land transportation rely upon the efficient man-
agement of cargo in ports and thus competence between terminals puts
pressure on their operations. The planning process in the quayside in-
volves assigning each calling vessel a berthing time, a position on the
quay and the specific cranes that will serve it once arrives at the berth,
aiming at minimizing the overall cost of the terminal. In the scien-
tific literature, this is known as the Berth Allocation and Specific Quay
Crane Assignment Problem (BACASP). Most approaches to this prob-
lem published up to date consider that both the movement time of the
cranes between vessels and their setup time is negligible. However, in
reality these time periods may affect the berth plan, even unleashing
a domino effect. To take them into account, we develop a new mixed
integer linear programming model and conduct several experiments to
assess its performance and the effects of crane times.

A branch-and-price algorithm for the redundancy allo-
cation problems

Mohammad Reihaneh, Mostafa Abouei Ardakan, Majid
Eskandarpour

The redundancy allocation problem (RAP) is one of the most com-
monly used approaches for improving the reliability of systems. The
present study proposes an exact branch-and-price (BP) algorithm for
the RAP with heterogeneous components under the mixed redundancy
strategy. The proposed algorithm solves in less than one CPU second
all the benchmark instances reported in the literature. The algorithm is
not only the first exact one proposed for the RAP with a mixed strat-
egy but also the first application of the BP algorithm in the literature
of reliability optimization problems. Finally, a new set of instances
is generated to evaluate the performance of the proposed algorithm in
dealing with more challenging instances.
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Leadership is the first and essential focus when performance of any
organization in the public and private sectors is considered. There can
be no organizational activity without leadership and/or management.
The same is true for OR projects. The paper introduces the concept of
leadership into the context of participatory modelling. The relevance of
different leadership paradigms is discussed. The leadership and man-
agement perspectives are compared. The role of the modeler and the
question who should be assigned the leadership role is analyzed. Often
the OR/PM project is initiated by a modeler who has specific technical
skills and expertise in a particular modelling method. Thinking that
a model can solve problems by merely being implemented can be a
persisting one. However, modelling is a process which involves more
than the technicalities of the model. The leadership function assumes
seeing the big picture and setting the right goals as well as reflect-
ing on technical, resource and behavioral factors that may affect the
overall process. In participatory modelling the project team usually
includes people having very different roles and backgrounds. Some
people need to have strong technical modelling skills, some need to be
project managers and some need to have good social and facilitation
skills. Political skills may also be needed to keep the project funded
and stakeholders interested and motivated.

loT’s effect on psychological ownership of employees:
The mediating role of process-orientation
Hannes Reil, Michael Leyer

The growing number of objects with Internet of Things (IoT) functions
in workplaces allows organizations to focus more on their processes.
Employees can have a higher individual process orientation which is
expected to increase their feeling of psychological ownership for the
workplace. But it can also give them a feeling of being agents of the
technology which is dominating more how the processes are executed.
While there is research on psychological ownership regarding the ac-
ceptance and use of IT, not much exists on how the implementation
and perception of IT-environments such as IoT impacts employees’
psychological ownership. Therefore, we aim to answer the question of
how IoT affects psychological ownership. Additionally, as IoT-objects
are integrated into work processes, we analyze how an individual’s
process orientation mediates the relationship between IoT and psycho-
logical ownership. We surveyed 492 employees regarding experiences
in their workplace. Our results show that two out of three dimensions
of IoT affect psychological ownership via the mediator, one is having
a direct influence. Moreover, there is a positive influence of the num-
ber of IoT objects on the shared feeling of psychological ownership.
The results demonstrate that IoT usage leads to an enhanced shared
feeling of responsibility for the own workplace. Our results contribute
to the understanding of how technology is impacting the perception of
employees in terms of shared operational responsibility.

Taking stock of Behavioural OR studies
L. Alberto Franco, Etienne Rouwette, Raimo P. Himalainen,
Ilkka Leppanen

This review maps the body of behavioural OR studies that focus on
process. We surveyed the relevant OR literature covering a 30-year pe-
riod, and identified two types of studies, each exhibiting different as-
sumptions about behaviour (determinist or voluntarist) and concerned
with different research questions. By categorising studies in this way,
four empirically-generated knowledge themes emerge: model build-
ing, user engagement, OR as performance, and OR as activity. Each
of these knowledge themes provides important insights into the be-
havioural factors that affect, or are affected by, the conduct of OR-
supported interventions. We conclude our review with suggestions for
further developing the behavioural OR agenda concerned with process.

The effect of experience and learning on ordering deci-
sions
Neslihan Ozlii

Supplier lead times are considerably variable. Drawing on transaction-
level purchasing data from a large European manufacturer, we investi-
gate the purchasers-ordering behaviour under variable lead times. In
particular, we examine the learning of the purchasers through their
experiences with the suppliers. We differentiate between purchasers

according to their experience level, which is a measure of the num-
ber of encounters with the suppliers. Our analysis reveals that the
prior delivery performance of the supplier affects safety times, while
the purchaser experience, moderates this effect of the prior delivery
performances. We further explore peer’s effect on the purchaser’s de-
cisions to add safety times to ensure on-time delivery. We also ex-
plore the heterogeneous effects, such as specific purchasers versus spe-
cific suppliers or all suppliers. We observe the peer effect on the de-
cisions of the purchasers, additionally and more interestingly differ-
ent responses to specific versus overall suppliers. Furthermore, while
learning from their past experiences, purchasers put more weight on
the latest interaction.Counter-intuitively, more experienced purchasers
tend to be more sensitive to the most recent encounter when compared
with their less experienced colleagues. Our results have implications
for supplier relationship management and highlight the role of the ex-
perience of the purchasers for efforts to optimise ordering decisions.
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Noncooperative equilibrium in markets with hierarchi-
cal competition
Ludovic Julien

Abstract: This paper deals with the existence of a non-cooperative se-
quential equilibrium in interrelated markets with heterogeneous atomic
traders. Since this model features a rich set of strategic interactions,
there are two kinds of problems associated with the existence of equi-
librium. First, existence and uniqueness of followers’ strategies are not
guaranteed. Second, the no-trade equilibrium is always an equilibrium
outcome. To overcome these two difficulties we consider a differen-
tiable approach. We show that the set of equations which determines
the strategies of followers is a variety with the required dimension, i.e.
the vector mapping which defines this set is a local C’-diffeomorphism.
The continuous differentiability of followers’ strategies is critical for
the existence of an interior equilibrium. Unlike the simultaneous move
games, exchange can take place in one subgame while autarky can
hold in another subgame, in which case only leaders (followers) make
trade. Some examples buttress the approach and discuss the assump-
tions made on the primitives.

(Author: Ludovic Julien) Speaker: Ludovic Julien (University Paris
Nanterre)

On Stackelberg-Nash equilibria in bilevel optimization
games
Olivier Musy

Hierarchical games with strategic interactions such as the Stackelberg
two-stage game epitomize a standard economic application of bilevel
optimization6problems. In this paper, we survey certain properties of
multiple leader-follower non-cooperative games, which enable the ba-
sic Stackelberg duopoly game to encompass a larger number of deci-
sion makers at each level. We focus notably on the existence, unique-
ness and welfare properties of these multiple leader-follower games.
We also study how this particular bilevel optimization game can be
extended to a multi-level decision setting.

(Authors: Damien Bazin, Ludovic Julien, Olivier Musy) Speaker:
Olivier Musy (University of Paris Descartes)
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Pollution in strategic multilateral exchange:
emissions or trading on permit markets?
Anicet Kabre

taxing

We introduce polluting emissions in the sequential bilateral oligopoly
model with a productive sector of Julien and Tricou (2012), which ex-
tends the bilateral oligopoly model with a finite number of traders of
Gabszewicz and Michel (1997). Within this two-sector framework, we
consider a polluting technology which produces one commodity which
creates negative externalities. By modelling emissions as a negative
externality, we show notably that the leader pollutes more (less) than
her direct follower in the presence of strategic substituability (comple-
mentarity). Then, we study two kinds of regulation to control the levels
of emissions, namely, two taxation mechanisms and a permits market.
By comparing the two kinds of policies, we show that the effectiveness
of public policies regarding the regulation of emissions depends on the
preferences of agents toward the polluting commodity.

(Authors: Ludovic Julien, Anicet Kabre, Louis de Mesnard) Anicet
Kabre (World Bank Group-Africa Fellow)
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Direct-Search for a Class of Stochastic Min-Max Prob-
lems
Youssef Diouane, Sotiris Anagnostidis, Aurelien Lucchi

Recent applications in machine learning have renewed the interest of
the community in min-max optimization problems. While gradient-
based optimization methods are widely used to solve such problems,
there are however many scenarios where these techniques are not well-
suited, or even not applicable when the gradient is not accessible. We
investigate the use of direct-search methods that belong to a class
of derivative-free techniques that only access the objective function
through an oracle.

In this talk, we present a novel algorithm in the context of min-max
saddle point games where one sequentially updates the min and the
max player. We prove convergence of this algorithm under mild as-
sumptions, where the objective of the max-player satisfies the Polyak-
Lojasiewicz condition, while the min-player is characterized by a non-
convex objective. Our experimental results establish that direct-search
can outperform traditionally adopted optimization schemes, while also
presenting a promising alternative for categorical settings.

A Derivative-free Method for Structured Optimization
Problems
Francesco Rinaldi, Andrea Cristofari

Structured optimization problems are ubiquitous in fields like data sci-
ence and engineering. The goal in structured optimization is using a
prescribed set of points, called atoms, to build up a solution that min-
imizes or maximizes a given function. In this talk, we want to mini-
mize a black-box function over the convex hull of a given set of atoms,
a problem that can be used to model a number of real-world applica-
tions. We focus on problems whose solutions are sparse, i.e., solu-
tions that can be obtained as a proper convex combination of just a few
atoms in the set, and propose a suitable derivative-free inner approx-
imation approach that nicely exploits the structure of the given prob-
lem. This enables us to properly handle the dimensionality issues usu-
ally connected with derivative-free algorithms, thus getting a method

that scales well in terms of both the dimension of the problem and the
number of atoms. We analyze global convergence to stationary points.
Moreover, we show that, under suitable assumptions, the proposed al-
gorithm identifies a specific subset of atoms with zero weight in the
final solution after finitely many iterations. Finally, we report some
numerical results showing the effectiveness of the proposed method.

BFO 2.0: A New Release of the Brute Force Optimizer
that Merits its Name a Little Bit Less
Margherita Porcelli, Philippe L. Toint

The talk shortly reviews some of new features of the derivative-free
optimizer BFO Matlab package. Among these, several important
new problem-oriented features will be discussed: * Using coordinate
partially-separable problem structure. This ubiquitous problem struc-
ture can now be exploited by BFO, leading to very significant gains
in performance (orders of magnitude) also allowing the use of BFO
for large problems (several thousands of variables). * The BFOSS
library of model-based search steps. It is a BFO-compatible library
whose purpose is to compute interpolation-based search steps. BFOSS
supports model building for objective functions given in coordinate-
partially-separable form. This combination provide even further sig-
nificant performance improvements. * Categorical variables. BFO
now supports the use of categorical variables. Categorical variables
are unconstrained non-numeric variables whose possible ’states’ are
defined by strings (such as ’blue’). * Performance and data profile
training strategies. Because BFO is a trainable package, it needs to
define training strategies which allow to decide if a particular option is
better than another. BFO now includes new training strategies based
on performance profiling and data profiling.

BFO Release 2.0 is available at https://github.com/m01marpor/BFO
free of charge.
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Dual Cutting Plane Method for Nonconvex Optimization
Jachwan Jeong, Chanaka Edirisinghe

We propose a new dual cutting plane (DCP) technique for computing
the Lagrangian dual bound efficiently in nonconvex optimization. The
DCP method transforms the dual feasible domain into a compact set,
which is iteratively redefined using optimality cuts that shrink the dual
space successively. Such a technique contrasts with the usual step-
size-based search methods found in subgradient optimization that are
slow to converge with potential tailing-off effects. Moreover, the DCP
method does not rely on (sub) differentiability of the functions, and it
only requires the solution of an optimization sub-problem with simple
constraints, such as variable bounds. The computational efficiency of
the proposed method is, however, dependent on the number of con-
straints that are Lagrangian-relaxed. We perform computational exper-
iments using randomly-generated instanced to demonstrate the scala-
bility of the approach as the number of variables grows substantially,
but the number of nonconvex constraints is limited, in comparison to
the available standard methods.

An Exact Solution Method for Concave Minimization
Problems
Arka Das, Ankur Sinha, Guneshwar Anand, Sachin Jayaswal

We propose an exact algorithm for solving mixed-integer concave
minimization problems. The algorithm iteratively approximates the
concave objective function with piecewise linear inner-approximation.
The substitution of the concave function with a piecewise linear func-
tion converts the original optimization problem into a bilevel program
that represents the lower bound of the original problem. The bilevel
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problem is solved by reducing it to a single level formulation using
Karush-Kuhn-Tucker (KKT) conditions. This lower bound program,
when solved iteratively with refinements in inner-approximation at
each iteration, guarantees convergence to the global optimum of the
problem. Though the algorithm is general, i.e. it can be applied to
any concave minimization problem, we solve two common classes of
concave minimization problems to test the computational efficiency
of our algorithm. They are the concave knapsack problem and the
concave production-transportation problem. The computational exper-
iments indicate that our method outperforms the recently proposed ap-
proaches by an order of magnitude while solving the two classes of
problems.

3 - A global optimization algorithm incorporating a proce-
dure of listing KKT points for a quadratic fractional pro-
gramming problem
Syuuji Yamada

In this study, we consider a quadratic fractional programming problem
(QFP) to minimize the ratio of two quadratic convex functions over
a convex set defined by quadratic convex functions. It is known that
fractional programming is one of the typical problems in Global Op-
timization. Several types of iterative methods for solving (QFP) have
been proposed by many researchers. However, such algorithms are not
effective in the case where the dimension of variables is so large. One
of the difficulties in solving (QFP) is the complexity of the objective
function. Hence, in order to overcome this drawback, we transform
(QFP) into a parametric quadratic dc programing problem (QDC) min-
imizing a quadratic dc function over a convex set. Moreover, to find
an approximate solution of (QDC), we introduce an algorithm for list-
ing KKT (Karush-Kuhn-Tucker) points of (QDC). Since every locally
optimal solution of (QDC) satisfies KKT conditions, we can calcu-
late most of locally optimal solutions contained in the intersection of
the boundaries of convex sets defining the feasible set by utilizing our
algorithm. Furthermore, to improve calculation efficiency, we incor-
porate our algorithm into a branch-and-bound procedure for Lagrange
multipliers of constraint functions. The proposed algorithm can calcu-
late an approximate solution of large scale (QFP). The effectiveness of
the proposed algorithm has been shown by the result of the computer
experiment.
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1- Hedging Price and Volume Risk in Renewable Energy
Trading: A Soft Robust Portfolio Allocation based Ap-
proach
Bruno Fanzeres, Arthur Brigatto

Within competitive electricity markets, supply contracts play an im-
portant role. They help ensure supply adequacy and mitigate market
power, among other benefits. However, when renewable energy is
involved, the mixture of an uncertain energy production with a high
volatile short-term market poses a risk difficult to manage. Within
this context, call/put options are suitable hedging instruments to cover
production imbalance with respect to supply contracts. To efficiently
balance the cost/benefit of a set of energy options in a portfolio of re-
newable sources short in supply contracts, a precise definition of the
probabilistic nature of the short-term market price should be available.
However, it is recognized that in practice agents only have an impre-
cise approximation of the "true" underlying process. Thus, decisions

are made under ambiguity. Therefore, the standard pure stochastic ap-
proach for the optimal composition of electricity contracts may not be
suitable. In this work, we propose a risk- and ambiguity-constrained
portfolio allocation model that defines the optimal composition of
call/put options and renewable sources to back a supply contract. A
case study with realistic data from the Brazilian power system is pre-
sented aiming at illustrating the applicability and efficiency of the pro-
posed methodology in hedging price and volume risk in renewable en-
ergy trading.

A Two-stage Model on Optimal Location and Operation
of Waste-to-Energy Plants: Influence of Waste Compo-
sition Uncertainty

Dusan Hrabec, Jaroslav Pluskal, Radovan Somplék, Vlastimir
Nevrly, Lars Magnus Hvattum

Waste management is geared towards a circular economy with the aim
to increase the sustainability of the system by reducing waste produc-
tion, reduce landfilling and increasing recycling. More efficient man-
agement of municipal waste thus leads to higher material utilisation.
On the other hand, high recycling is associated with the formation of
residual waste flows that represent a significant energy potential. The
composition of waste is very variable. However, it has a major effect
on energy amount from its recovery. To ensure the operability and eco-
nomic sustainability of Waste-to-Energy (WtE) plants, a real change in
the composition of the waste must be considered. The energy amount,
which could be obtained from waste recovery, varies between waste
producers and should be included in strategic decisions. Herein, a two-
stage stochastic mixed-integer linear programming model is developed
to support strategic capacity planning for waste energy recovery. It
captures waste composition uncertainty and allows to include several
scenarios of possible future development. The first stage decision sug-
gests the location of WtE capacities, while the second stage includes
the solution of the proposed scenarios. The developed approach is ap-
plied to the case study in the Czech Republic for waste management in
2030. The result suggests to build 13 WtE plants to support 4 already
existing which increases the annual treatment capacity by almost four
times and satisfies EU directives.

Multistage Scenario Trees Generation for Electricity
Markets Optimization
Marlyn Dayana Cuadrado Guevara, F-Javier Heredia

The presence of renewables in electricity markets optimization have
generated a high level of uncertainty in the data, which has led to a need
for applying stochastic optimization to model this kind of problems.
In this work, we apply Multistage Stochastic Programming (MSP) us-
ing scenario trees to represent energy prices and wind power genera-
tion. We developed a methodology of two phases where, in the first
phase, a procedure to predict the next day for each random parameter
of the MSP models is used, and, in the second phase, a set of scenario
trees are built through Forward Tree Construction Algorithm (FTCA)
and a modified Dynamic Tree Generation with a Flexible Bushiness
Algorithm (DTGFBA). This methodology was used to generate sce-
nario trees for the Multistage Stochastic Wind Battery Virtual Power
Plant model (MSWBVPP model), which were based on MIBEL prices
and wind power generation of a real wind farm in Spain. In addition,
we solved three different case studies corresponding to three differ-
ent hypotheses on the virtual power plant’s participation in electricity
markets. Finally, we study the relative performance of the FTCA and
DTGFBA scenario trees, analysing the value of the stochastic solution
through the Forecasted Value of the Stochastic Solution (FVSS) and
the classical VSS for the 366 daily instances of the MSWBVPP prob-
lem spanning a complete year.

Bilevel Optimization And Automatic Dualization Applied
To Power Systems
Guilherme Bodin, Joaquim Dias Garcia

In this talk, we present two extensions to the JuMP environment of
mathematical programming in Julia and its applications to power sys-
tems. The first extension is Dualization.jl; the package can automati-
cally dualize any conic convex optimization problem. Automatic Du-
alization can be used to model bilevel problems by building KKT
conditions, which leads us to the second extension: BilevelJuMP,jl.
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This package makes it straightforward for users to write bilevel prob-
lems just like JuMP made it easy to write optimization problems.
BilevelJuMP,jl has multiple formulations for complementarity con-
straints such as SOS1, Fortuny-Amat, quadratic programming, and ac-
tual complementarity constraints. We show how the packages were
developed, relying on Julia the JuMP infra-structure, and we present
some power systems examples of bilevel problems
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Market Segmentation Of Products Offered With Shared-
Service Contracts and Predictive Technology
Amit Joshi

Customers accepting "shared-service contracts", where OEMs take a
pre-decided share of the products’ long-term failure opportunity costs,
are a standard feature of long-life, capital-intensive products. OEMs
also increasingly use predictive technology to enhance service produc-
tivity while executing service contracts to reduce the long-term failure
opportunity cost and drive better products through data generated by
such technology. A significant drop in the cost of predictive technol-
ogy and its allied service productivity benefits are increasingly moving
OEMs towards shared-service contracts.

We study the market segmentation of products offered with shared-
service contracts and predictive technology using an adverse selection
model that incorporates: (i) The cost of product development and op-
eration, (ii) The OEM’s share of the failure opportunity cost driven by
the product failure rate and the product quality, and (iii) The cost of
incorporating predictive technology which reduces the two cost com-
ponents. We postulate two product offerings from the OEM, a basic
offering and a premium offering targeted at their respective customer
types while incorporating the customer’s share of the failure opportu-
nity cost.

We find that shared-service contracts hinder an OEM’s ability to seg-
ment markets with the high segment product’s long-term failure oppor-
tunity cost being a key driver. The adoption of predictive technology,
however, enables segmentation and high-quality products.

Concordance Analysis and Visualization in Partial Or-
ders with Ties
Antonio Carlos Santos Junior, Esteban Fernandez Tuesta

Researchers have long sought measures for agreement on judgments
about objects or subjects related to specific attributes. This research
project aims to develop a model for concordance analysis and visu-
alization, considering partial orders with ties among judgments. The
modeling proposed in this study is based on an affiliation network, in
which people are connected to each other through a membership re-
lation. In general, affiliation networks are constructed from a set of
actors and a set of social events, where each actor is said to partici-
pate in one or several events. An affiliation network can be naturally
represented as a bipartite graph, with each node representing either an
actor or an event. An edge represents the participation of an actor in
a specific event. In proposed model, judges and evaluated objects are
represented as disjoint subsets and the edges are represented as the de-
cision of each judge regarding each object. One reason for this study
is that there is a lot of information to discover between individuals
by considering the events that they share, and likewise, correlation be-
tween events can be discovered by considering the shared participation
by actors.
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Sustainable product design when durability matters -
with applications to the case of electric toothbrushes
David Topchishvili, Cornelia Schoen

Many examples illustrate the general trend of shorter product lives in
the electronics industry (e.g., Bakker et al. 2014, Basulto 2012). The
resulting impacts on the environment are manifold. At the same time,
the impact from a purely economic perspective is unclear. Shorter
product lives may influence both, the revenues as well as the costs of a
company in positive as well as negative way.

Our paper questions the advantageousness of physical obsolescence
practices form revenue perspective. In particular, we believe that prod-
uct lives have become too short. To investigate this hypothesis, we de-
velop an optimization model that explicitly accounts for durability as a
determinant product attribute. Further, we conduct a consumer survey
to estimate choice model parameters. As a case example, we focus our
attention on the under-researched product category of electric tooth-
brushes. Initial results of our survey indicate strong importance of the
durability attribute for consumers.

The contribution of the paper is threefold. First, the paper provides a
prescriptive product (line) design model whose analysis provides in-
sight into the potentially non-monotonic relationship between durabil-
ity and profitability. Second, the paper derives design recommenda-
tions specifically for electric toothbrushes. Third, the paper bridges
the fields of problem-centered prescriptive analytics and data-centered
predictive analytics.

Constrained Assortment Optimization Under the Mixed
Logit Model with Design Options
Sven Miiller, Knut Haase

We present the constrained assortment optimization problem under the
mixed logit model (MXL) with design options and deterministic cus-
tomer segments. The rationale is to select a subset of products of a
given size and decide on the attributes of each product such that a
function of market share is maximized. The customer demand is mod-
eled by MXL. We develop a novel mixed-integer non-linear program
and solve it by state-of-the-art generic solvers. To reduce variance in
sample average approximation systematic numbers are applied instead
of pseudo-random numbers. Our numerical results demonstrate that
systematic numbers reduce computational effort by 70%. We solve in-
stances up to 20 customer segments, 100 products each with 50 design
options yielding 5,000 product-design combinations, and 500 random
realizations in under two minutes. Our approach studies the impact
of market position, willingness-to-pay, and bundling strategies on the
optimal assortment.

Tariff Zone Planning for Public Transportation
Lorena Reyes-Rubiano, Sven Miiller, Knut Haase

The tariff system greatly determines the expected revenue of public
transportation. This paper presents two approaches to design a count-
ing zones tariff system applicable for urban public transport service
providers. The proposed approaches are oriented to a counting zones
tariff system that maximizes the expected revenue for a given price sys-
tem. It is assumed that the price per zone takes a discrete set of values,
the number of public transport trips depends on the price system, pub-
lic transport passengers always choose the time-shortest path. The ex-
act method aims to partition the transport network into zones and find
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a price per zone such the total expected revenue is maximized. The
heuristic approach reduces the problem size; it only considers trans-
port network connections with the most significant revenue. In exten-
sive numerical studies with artificial test instances, it is evaluated for
different network structure and public transport demand which of the
proposed approaches perform best. This paper sheds light for service
providers on how the service area can be zoned to maximize expected
revenue through a counting zones tariff system.
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Investment Efficiency Analysis of European Education
and Health Sectors
Edo Omic, Etleva Gjonca

In recent years policymakers throughout Europe have been determined
to enact strategies and investment plans that will strengthen their re-
spective public social sectors. To help guide future investments, this
paper aims to examine two of those sectors, education and health, and
how efficient past investment levels have been in achieving desired
social outcomes. We use panel data sets and employ Data Envelop-
ment Analysis (DEA) and Stochastic Frontier Analysis (SFA) models
to study the investment efficiency change in the education systems of
33 Europe countries (plus 10 advanced, non-European countries) from
2012 and 2015, and in the health systems of 34 European countries
from 2011 to 2016. To capture optimal outcomes for each sector, we
utilise a country’s average PISA score for the education sector and
the number of avoidable deaths for the health system; our primary in-
put variables of interest are public expenditure on education per stu-
dent (for education analysis) and health expenditure as a percentage
of GDP (for the health analysis). We find that in the education sys-
tem, the efficiency of investments between 2012 and 2015, on average,
did not substantially improve in both DEA and SFA models. Mean-
while, in the healthcare system, we find that investment efficiencies
between 2011 and 2016, on average, have been improving in both the
DEA (Malmquist index) and SFA models. The paper also examines
a number of environmental inputs as well as country-specific control
variables.

Development of a data-driven application to depict the
socioeconomic effects of transportation
Dimitrios Dimitriou, Maria Sartzetaki, Aristi Karagkouni

Transportation and economic development interact with each other
as transport makes significant direct and indirect contributions to the
economy and increases the cycle of economic activity. Key objective
of the paper is to present the architecture a data-driven (AI) applica-
tion to provide quantitative estimations on the socioeconomic effects of
transportation in regional business ecosystem. The competitive busi-
ness environment, and unconditional uncertainties (eg COVID-19 pan-
demic) are key drivers for implementing dynamic assessment tools to
support from short corporate decision to long time plans such as in-
vestments and capital-intensive projects. Therefore, estimating the so-
cioeconomic contribution of transport sector, lead to great interest for
introducing a new generation of data-driven, interactive and dynami-
cally adaptive tools to support decisions from new capex investments
and strategic planning up to short term allocation of resources and opex
management in transport sector. The case study is formulated to illus-
trate results in air transport infrastructure operators.

3-

Methods for reducing the number of alerts about fraud-
ulent transactions in the bank
Kseniia Ilchenko

Anti-money laundering is one of the top questions of the financial sys-
tem. On the operational level, the detection of a fraudulent transaction
in a bank is based on the scenarios that describe the sets of normative
rules and statistical dependences. The transactions that suspect to be
fraudulent should be checked additionally and then, the verified poten-
tially fraudulent transactions should be transmitted to the correspond-
ing authority for approval. The potential alerts are collected with a low
level of precision. Thus, the goal of the research is to decrease the num-
ber of false alerts by keeping the positive alerts that correspond with the
detected fraud. Based on TPOT analysis, the RandomForestClassifier,
ExtraTreesClassifier and GaussianNB, and BernoulliNB were chosen
for comparison. As the additional techniques, Probability Calibration
and Stacking are used to increase the quality of the results. Taking into
account, that the data set is imbalanced and the computation resources
are limited, three methods, Cluster-based undersampling, NearMiss,
and BalancedRandomForestClasifier were investigated. The unsuper-
vised learning models for anomaly detection were presented by Isola-
tionForest, OSVM, RobustCovariance, and LOF. The results of Isola-
tionForest could be taken into consideration, however, the supervised
learning models give better performance. The chosen method allows
decreasing the number of alerts by 10-15%.

Combinatorial Scheduling for Adaptive Machine Learn-
ing in Cybersecurity

Nouri (Nourhan) Sakr, Cynthia Phillips, Ojas Parekh, Clifford
Stein

In this paper, we study two different applications in cybersecurity: an
adaptive ML problem and a game-theoretic model called PLADD. The
common objective between both problems is to protect cybersystems
against attacks by intelligent, adaptable and well-resourced adversaries
while maintaining a cost budget. We introduce a novel combinatorial
scheduling formulation to design useful defense strategies that meet
this goal. Our work separates the formulation from the data-driven
analysis and solution. As such, the scheduling formulation, which does
not resemble any previously studied formulations from the scheduling
literature, may be used as a new model by other researchers for dif-
ferent motivations. We keep the model generic enough for others to
use, but design the algorithms that work best for our context and data.
The formulation is inspired by stochastic programming and cast as a
mixed integer program (MIP). We provide theoretical analysis, e.g. ex-
plore integrality gaps, exploit the combinatorial structure, prove NP-
hardness, develop dynamic programming solutions for two-machine
cases, then work towards data-driven heuristics using distribution as-
sumptions and real data from Sandia National Labs.
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1 - On one type of stability in finite games with perturbed

payoffs
Yury Nikulin, Viadimir Emelichev

We consider a finite cooperative game of several players in a normal
form with perturbed linear payoffs where perturbations formed by a set
of additive matrices, with two arbitrary Holder norms specified inde-
pendently in the outcome and criterion spaces. The concept of equilib-
rium is generalized using the coalitional profile, i.e. by partitioning the
players of the game into coalitions. In this situation, two extreme cases
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of this partitioning correspond to the Pareto optimal outcome and the
Nash equilibrium outcome, respectively.

We analyze such type of stability, called strong stability, that is under
any small admissible perturbations the efficiency of at least one opti-
mal outcome of the game is preserved. The attainable upper and lower
bounds of such perturbations have been specified. The obtained results
generalize some previously known facts and shed more light on the
combinatorial specific of the problem considered.

2 - The Pareto optimal balanced exchange problem
Michalis Samaris, Pavlos Eirinakis, Yiannis Mourtos

We investigate a market without money in which agents can offer cer-
tain goods (or multiple copies of an agent-specific good) in exchange
for goods of other agents. The exchange must be balanced in the sense
that each agent should receive a quantity of good(s) equal to the one
she transfers to others. In addition, each agent has strict preferences
over the agents from which she will receive goods, and there is an up-
per bound on the volume of each transaction and a weight reflecting
its social importance or its cardinal utility for the two agents. We pro-
pose a simple variant of the Top Trading Cycles mechanism that finds
a Pareto optimal balanced exchange. We then offer necessary and suf-
ficient conditions for a balanced exchange to be Pareto optimal and
exploit these to obtain a recognition procedure. This procedure can
detect whether a given exchange is Pareto optimal and, if not, improve
it to become Pareto optimal in polynomial time. Last, we show how to
obtain a Pareto optimal balanced exchange of maximum weight in two
special cases.

3 - Bidding in procurement auctions with the co-operation
of a local agent
Panos Lorentziadis

We consider a procurement auction in which bidders employ local
firms as representatives. Overseas companies seek this type of partner-
ship to address requirements for local after-sales service, to enhance
the promotion and marketing of the product portfolio and to overcome
bureaucratic obstacles often found in public procurement. In many
countries, such as Mexico, Japan, India foreign exporters are advised
to co-operate with a local partner for government contracting while in
other countries such as Brazil the appointment of a local representative
is obligatory. The effort that a local agent devotes in a procurement
project affects the probability of winning the auctioned contract. We
investigate how firms should compensate local agents and at the same
time determine the bidding price in order to maximize their expected
profit. The compensation system acts as a motivation for the effort
allocated by the local agent while at the same time the payment of
commission leads to an increase of the total bidder cost. We compare
the effect of different compensation plans embedding the auction into
a multidimensional bidding environment. Further, we explore profit
sharing among the auction partners and we provide a connection with
agency theory. Finally, we discuss extensions of the environment that
we examine.
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1- Using input-output principles in a System Dynamics

macroeconomic model
David Wheat
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This paper presents a multi-industry regional model that combines
input-output (I0) modeling principles within a system dynamics(SD)
macroeconomic model. It is well known that input-output models have
both strengths (internally consistent intermediate demand structure)
and weaknesses (static technology and prices). Another weakness in
most 10 models is that final demand is exogenous. Our SD model in-
cludes price and technology dynamics and closes the feedback loop
between the supply and demand sides of the model economy. The
proof-of-concept example uses data from the Dontetsk and Luhansk
regions of Ukraine. We also discuss the challenges of estimating tech-
nical coefficients for a regional input-output model when only national
coeflicient data are available, as well as some of the limitations of the
current version of the SD model.

Upgrading organic profit sharing and employment tar-
geting in bi-dimensional Goodwinian models
Alexander Ryzhenkov

The paper reveals how the bi-dimensional non-linear Lordon - Good-
win model L-1 endogenously generates cycles of absolute and relative
over-accumulation of capital parallel related to the observed industrial
cycles. In L-1, a rise in unit value of labour power above a threshold
calls forth crises and destruction of capital.

L-1 hyperbolizes the acuteness of accumulation crises. By correcting
functional relations for wage terms, first, and for capital accumulation
rate, second, the present paper transforms it into L-2. The model cal-
ibration has been improved. Scenario 1 is a futile attempt to achieve
hastily a higher employment than the current level by stabilization pol-
icy based on mechanistic profit sharing in L-2.

The original equations for profit sharing and bargained wage terms are
revised in L-3 where the growth rate of surplus value depends, firstly,
positively on a gap between the target and current employment ratios
and secondly, negatively on a growth rate of the employment ratio.
The latter policy rule does not cause over-shooting of profit and under-
shooting of wage in satisfying scenario 2.

An analysis of local stability of stationary states for these non-linear
models is extended by exposing transients to distant attractors. The
system dynamics methods have helped in upgrading organic profit
sharing. The research offers new insights on the tendency to secular
stagnation that will serve a socially efficient recovery from the interna-
tional crisis.

Structural analysis of System Dynamics models
Lukas Schoenenberger, Alexander Schmid, Radu Tanase,
Mathias Beck, Markus Schwaninger

System dynamics (SD) is an established discipline to model and simu-
late complex dynamic systems. The primary goal of SD is to evaluate
and design new policies that can impact the system under study in a
desired way. Policy design, that is, identifying effective model levers,
however, is a challenge and in many cases trial-and-error driven. In this
article, we introduce a new and coherent framework for model anal-
ysis, called structural analysis methods (SAM), to facilitate the pol-
icy design process in complex SD models. SAM provides a resource-
efficient and effective means for the detection of candidate policy pa-
rameters. It enables to identify intended and unintended effects of ac-
tivating these policy parameters, and to discover candidate structural
changes such as introducing new variables and links in SD models. The
main innovation of SAM is that it translates the structure of SD models
into weighted digraphs allowing algorithmic tools from the realms of
graph theory and network science to be applied to SD. SAM is vali-
dated on the basis of two well-known simulation models of increas-
ing complexity: the third-order Phosphorus Loops in Soil and Sedi-
ment (PLUM) model and the fifth-order World2 model. The validation
shows that SAM seems to be most valuable for the analysis of more
complex simulation models (World2) and is less suited for the analysis
of low complexity models (PLUM).

Supporting System Dynamics modelling with a Python-
based test automation toolbox
Matthias Otto Miiller
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System Dynamics modeling is highly iterative. Often, a model goes
through hundreds or even thousands of iterations before modelers are
satisfied that the model meets the purpose and is consistent with their
knowledge of the system. For small models, it is straightforward to
keep track of this in an ad-hoc manner. Yet, as models grow bigger,
it becomes increasingly difficult to verify that the latest iteration does
not have undesired consequences. Even in published and carefully re-
viewed models, problems like negative values in physical stocks, high-
speed oscillations, or a poor fit of model behavior with time-series
data can be found. The root cause of this problem is that modelers
don’t have the time or the diligence to inspect each variable with the
rigor that is required. How might such limitations of human cogni-
tion be overcome? In the realm of software development, this problem
has been mitigated by the use of test automation. Test scripts run the
software under evaluation with pre-defined inputs and check whether
it produces the expected outputs. If the software fails to produce the
expected output, then this indicates a flaw that requires manual inspec-
tion. The same approach can be used for automating the testing of Sys-
tem Dynamics simulation models. Specifically, this presentation will
show a test automation toolbox implemented in the Python program-
ming language that supports modelers in quickly finding problematic
aspects of their model.
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Matrix-dominance, a new multi-objective concept used
in real time rescheduling in dense railay systems
Hugo Belhomme, Stéphane Dauzere-Peres

Rescheduling trains in a dense railway system and in real time can
be a challenging multi-objective optimization problem, where criteria
such as train delays and passengers impact should be minimized. The
notion of Pareto dominance allows to compare solutions on multiple
objectives at once, and it is the heart of multi-objective optimization.
This presentation introduces matrix-dominance, a concept extending
Pareto dominance and takes into account industrial knowledge. This
new notion of dominance allows to finely model the tradeoffs between
some decisions which are to avoid and their impact on objectives and
it guarantees the quality of solutions presented to the decision maker.
After presenting our industrial context dealing with commuting trains
in Paris, we introduce our problem and the solution method which
has been integrated into a decision support tool. We then discuss the
academical and industrial interests in developing a new type of domi-
nance. Finally, we introduce the notion of matrix-dominance, based on
required payoff matrices, we discuss the challenges of this new concept
and we present some preliminary results.

Cutting Planes for Robust Biobjective Optimization
Fabian Chlumsky-Harttmann, Marie Schmidt, Anita Schobel

In recent years several optimality concepts for robust multi-objective
optimization have been introduced. However, not many approaches
to actually solve such problems have been proposed. In our work,
we consider uncertain linear biobjective optimization problems and at-
tempt to find point-based minmax robust efficient solutions, i.e., solu-
tions that are efficient in their objective-wise worst case. To this end,
we build on two well-known procedures: Dichotomic search, which
uses weighted-sum scalarizations to determine the Pareto front of (de-
terministic) linear biobjective problems, and a cutting plane approach,
that incrementally increases the set of considered scenarios and orig-
inates in robust (single-objective) optimization. Our proposed algo-
rithm combines both methods and increases the uncertainty set while

moving along the Pareto front, thereby solving problems that are both
uncertain and biobjective. We prove its correctness, study its perfor-
mance and demonstrate its benefits.

A Multiparametric Programming Approach for the Mul-
tiobjective Optimization of Mixed-Integer Linear Pro-
grams

Iosif Pappas, Styliani Avraamidou, Justin Katz, Baris Burnak,
Burcu Beykal, Metin Tiirkay, Efstratios Pistikopoulos

Practical applications of optimization for process systems involve the
simultaneous satisfaction of often conflicting financial, safety and en-
vironmental targets. A way to address that is through multiobjective
optimization whose result is a set of trade-off solutions that meet all
those criteria. The multiobjective optimization of mixed-integer linear
formulations is of particular importance, especially when considering
the design and operation of a given system. Proposed methods to solve
such problems include enumerating schemes, the e-constraint method,
branch & bound, PolySCIP and the GoNDEF algorithms. However,
many of these algorithms rely on generating grid points, require the
solution of subproblems to map the Pareto front, or refer to bi and tri-
objective problems.

In this work, we present a framework for the exact explicit deriva-
tion of the Pareto front of multiobjective mixed-integer linear opti-
mization problems through multiparametric programming. We utilize
the e-constraint approach to reformulate the original formulation to a
multiparametric mixed-integer linear programming problem where the
€ scalarization parameters are treated as right-hand side uncertainty.
Subsequently, the algorithm calculates the optimal trade-oft solutions
as explicit affine functions of the € parameters. A computational study
is used to evaluate the computational performance of the approach,
while its applicability is demonstrated through an engineering case
study.
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What is fair data manipulation?
Alexis Tsoukias, Claire Barale

Decision making is essentially a data driven (or evidence based) activ-
ity. However, decision makers rarely use raw data, as these are col-
lected from empirical observations. Most automatic devices manipu-
late raw data aiming at providing insight to human decision makers in-
volved in different types of decision processes. However, very often the
procedures which manipulate data, conceal assumptions, biases and
drawbacks to which the users are unaware, leading to counter-intuitive
decisions, misunderstandings and to controversies, not to mention ex-
plicit or implicit discrimination. The paper aims at exploring this vast
field, contributing to the establishment of a framework defining which
data manipulations are admissible and for which purpose. Among the
many topics which may characterise admissibility we will focus to fair-
ness of data manipulation.

A model-agnostic approach to reducing Bias in textual
classifiers
Miguel Couceiro

The recent advances in artificial intelligence and machine learning
(ML), and in particular deep learning, have made algorithmic deci-
sions and predictions ubiquitous. This includes applications that have
a direct impact in people’s lives, e.g., loan grants, terrorism detection,
identification of hatred and fake news, and even prediction of criminal
recidivism. Such reliance on machine support naturally raised several
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transparency and fairness concerns about these, many times opaque,
ML processes. These concerns were in part rooted in recent studies
that revealed unacceptable biases in such ML processes. Those biases
can lead to discriminatory and unfair decisions. In this talk we address
the problem of detecting and tackling biases in ML textual classifiers.
‘We will survey the state of the art approaches to textual classification,
and present a system-agnostic solution that may not only detect biases
in text classifiers, but also propose fairer classifiers without retraining
them.
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Incorporating sustainability considerations into the
portfolio selection process using evolutionary multiob-
jective optimization

Ana Garcia-Bernabeu, Fernando Mayor-Vitoria, Marisa
Vercher, Adolfo Hilario-Caballero

Markowitz conceived the idea of establishing the Paretian Efficient
frontiers to portfolio selection in the framework of mean-variance
(MV) optimization. Over the years, new research lines have been
developed in the field of multi-objective tools to extend the classical
mean-variance model by integrating additional criteria, such as liquid-
ity, cardinality, and in recent years, sustainability. Within the multi-
objective approaches to extend the M-V model, most of the contri-
butions include the sustainability criteria under the consideration of
additional constraint.

This research reviews recent initiatives incorporating environmental,
social and governance (ESG) criteria in the portfolio selection pro-
cess using evolutionary multi-objective optimization approaches. Be-
sides, we address how sustainability is introduced as a third criterion
through the evolutionary algorithm ev-MOGA, based on the concept
of e-dominance. The proposed ev-MOGA algorithm adjusts the Pareto
front dynamically, ensuring convergence and uniform distribution of
solutions. We also propose a new visualisation tool to understand bet-
ter the trade-off between the three objectives giving a two-dimension
representation of high dimensional Pareto fronts.

Investing in the low-carbon transition: a multi-objective
portfolio selection approach

David Pla-Santamaria, Marisa Vercher, Fernando Mayor
Vitoria, Francisco Salas-Molina

Efforts to reduce the carbon footprint of equity portfolios is a growing
trend in sustainable investing. Fund managers are turning their atten-
tion to the fight against climate change and are proposing strategies
to decarbonise portfolios. The current trend is mainly based on the
exclusion of companies with high CO2 emissions. However, the in-
tegration of carbon risk into portfolio selection criteria has not been
considered so far. As a first step, rating agencies have started to de-
velop indices that report on companies’ commitment to reducing their
carbon footprint. To help investors address this challenge, we propose
a multi-objective evolutionary approach (MOEA) in which carbon risk
is included as an additional objective. The suggested algorithm’s per-
formance is then tested on a cross-section of open-ended European
socially responsible investment funds to assess the extent to which
climate-related risk could be incorporated into the portfolio according
to investor preferences.

3-

Portfolio optimization integrating sustainability by im-
proved ev-MOGA

Adolfo Hilario, José Vicente Salcedo, Ana Garcia-Bernabeu,
David Pla-Santamaria

The increasing complexity of financial decision-making, such as port-
folio selection problems, has led researchers to apply heuristic proce-
dures inspired by biological processes such as multi-objective evolu-
tionary algorithms (MOEAs). These techniques provide satisfactory
approximations of the efficient frontier even when the problem in-
volves non-convexity, discontinuity or non-integer variables.

In this study, a new approach using a new multi-objective optimiza-
tion evolutionary algorithm known as ev-MOGA is presented for plac-
ing the portfolio optimization problem, including sustainability as a
third objective. The improvement includes the introduction of car-
dinality constraints and discretization of solutions in the parameter
space. Based on the proposed allocation solutions, we also propose an
a-posteriori approach to incorporate the investor’s preferences into the
decision making process. With this tool, the investors could address
more effectively tri-criterion problems to easily visualize and find a
desirable trade-off among conflicting objectives. Finally, the perfor-
mance comparison of ev-MOGA and the improved ev-MOGA is car-
ried out using a sample of socially responsible mutual funds offered in
Spain.
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Optimization Approaches to define Storage Strategies
for the export yard in container terminals
Haoqi Xie, Daniela Ambrosino, Anna Sciomachen

Maritime container terminals play a crucial role as intermodal change
nodes in the logistic chains. Recently, the main focuses seem to be
transferred from quayside to yard side. This change elicits the discus-
sion on improving the efficiency of typical operations performed in the
yard, such as the storage, the retrieval of containers, and routing of han-
dling equipment. In this work we propose a 0/1 linear programming
formulation for defining storage rules able to minimize the space used
in the export yard. Handling operations are executed thanks to reach
stackers. Given an export yard organized in blocks of different capac-
ities (i.e. the yard template is given), and known the subset of blocks
dedicated to each vessel, the problem consists in determining the best
storage consignment strategy to minimize the space used in the export
yard. The aim is to determine the best rules for defining which contain-
ers to get stored together while determining the loading cluster for each
group of containers. Containers are characterized by their type, size,
weight and destination. The ideal rule is to store together containers
having the same characteristics. According to preliminary tests, small-
size instances can be solved up to optimality by using the proposed 0/1
linear programming formulation, a heuristic approach for solving large
real instances is also suggested. A case study of an Italian terminal is
presented and our solutions are compared with the real storage plans.

Drone-based RFID monitoring in container ports.
Davide Donato Russo, Carmine Cerrone, Bruce Golden

Given a port with containers equipped with RFID tags, we investigate
the usability of drones for tracking and locating containers. In partic-
ular, we focus on the definition of routes capable of minimizing the
path followed by the drone in the monitoring phase. The operational
scenario provides that each container is equipped with an RFID tag
that can be identified by an antenna placed on a drone within a cer-
tain distance depending on the type of tag used. For each container,
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the starting position and the radius within which the tag can be identi-
fied is known. The starting position of the drone is also known. This
problem can be modeled using the Close Enough Traveling Salesman
Problem CETSP, if we add further restrictions to the computed route.
In particular, the drone cannot move freely in the port area, it will have
to avoid some forbidden areas, follow specific paths in some areas,
while it will be able to move freely in other areas. In this work we will
focus on this CETSP variant by formalizing the problem and designing
a heuristic approach based on a problem discretization algorithm.

3 - Design of a Multi-Modal Transit integrating Dial-A-Ride
and Fixed Routes
Nisrine Mouhrim, Andrea Araldo, Dominique Feillet, Yves
Molenbruch, Kris Braekers

Fixed-Route Public Transport (FRPT) is critical for the mobility of ur-
ban conurbations. However, it is inherently unsuitable for suburban
areas, where the demand density is low and, due to cost constraints,
the service has a low frequency and limited coverage. This results in
poor Quality of Service (QoS). On the other hand, the Dial-A-Ride
(DAR), e.g., Uber,.., services have emerged but, due to their low ca-
pacity, they are unsuitable for high-density areas, where they would
exacerbate congestion. While DAR operations and FRPT design have
mostly been studied separately, the goal of this research is to develop
a methodology for the design of "Multi-Modal Transit" (MMT). MMT
integrates both FRPT and DAR, to improve QoS in particular in sub-
urban areas, without substantially increasing the operational cost. We
formulate the design of MMT as a bilevel problem. In the upper level,
we decide on the FRPT lines and their frequencies, as well as the fleet
size to allocate to FRPT and DAR. We do so using a Binary Parti-
cle Swarm Optimization (BPSO) metaheuristic. The lower level con-
sists of an Integrated Dial-A-Ride problem (IDARP) to construct the
multi-modal trips of customers (including FRPT and DAR legs) and
the routes of the DAR vehicles, using a Large Neighborhood Search
(LNS) metaheuristic. Results show that MMT improves passenger mo-
bility over current urban transportation, in particular in suburban areas,
without substantially increasing the operational cost.

4 - Strong cuts from compatibility relations for the Dial-a-
Ride Problem
Sunil Morapitiye, Tamas Kis

In the Dial-a-Ride Problem, which is a variant of the well-studied Ve-
hicle Routing Problem, a fleet of vehicles has to satisfy a set of trans-
portation requests between given pickup and delivery locations, and the
solution is a set of routes satisfying several constraints, and minimiz-
ing the transportation costs. Several classes of valid inequalities can be
obtained from the compatibility relation on the arcs. These compati-
bility relations are derived from the constraints of the problem, such as
precedence relations, time windows and the capacity of the vehicles,
and their main use is to exclude infeasible vehicle paths. We present
some of these known constraints and our contributions: a strengthened
lifting for an existing class of cuts, a new family of valid inequalities,
and a new exact separation algorithm for all these cuts. We also present
some theoretical results: establishing connection between these cuts,
and the edge-polytope of a bipartite graph which is used for separation,
giving new insight into the strength of known classes of inequalities as
well. Finally, we demonstrate the effect of adding the new cuts and
using the new separation algorithm on benchmark instances from the
literature.
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Integrated process and production planning for air
bending
Alberto Tomas Garcia, Dirk Cattrysse, Joost R. Duflou

Sheet metal workshops usually deal with high-mix, low-volume pro-
duction. In this scenario, frequent tool changes are required at the
bending stage. Finding the tool setup that allows collision-free pro-
duction of a part through air bending with minimum number of tool
stations and tool segments is an NP-Hard problem. Besides geometri-
cal considerations, current setup planning algorithms aim to minimize
the effort required to set up the machine layout of a given job, assuming
that the press brake does not have any tools already in place. However,
when considering the full production schedule, this approach leads to
increased setup time since the possibility of reusing some of the tool
segments of a previous job to set up the machine layout of the cur-
rent job is neglected. Nevertheless, the extent to which one job can
reuse the tool segments of its previous job strongly depends on the or-
der of the jobs in the production schedule, which can be understood
as a TSP problem, and the calculated machine layouts for each job,
which is an NP-Hard problem. Several heuristics and metaheuristics
that efficiently integrate the previous interrelated complex problems
have been developed and evaluated. It is concluded that a modified
nearest neighbour heuristic, coupled with a mixed-integer program-
ming model for single job machine layout generation, delivers high-
quality results with the lowest computational time compared to other
considered algorithms.

The integrated multi-site additive manufacturing batch-
ing and scheduling problem
Dominik Zehetner, Margaretha Gansterer

Additive Manufacturing is a technology with increasing relevance. It
allows new ways of designing mechanical parts in a sense that they
perform better in the technological point of view as well as in a sup-
ply chain perspective. Moreover, the flexibility of the technology may
enable collaborative planning in manufacturing. However, collabora-
tive planning has not been sufficiently studied in the context of additive
manufacturing. The aim of our study is to close this research gap by
demonstrating the impact of collaborative planning in the field of ad-
ditive manufacturing. First, we introduce the multi-site additive man-
ufacturing problem, where we assume that production orders have to
be batched and scheduled at several geographically distributed manu-
facturing sites by a central authority. For this problem, we develop an
efficient solution approach, where both the batching and the schedul-
ing problem are taken into account. The model is solved by a hy-
brid MILP and Genetic-Algorithms approach, where subproblems are
solved sequentially. In an extensive computational study, we show that
cross-site production planning can decrease the overall costs of addi-
tive manufacturing operations significantly.

Machine learning-based algorithm selection for a
scheduling problem with unit-time parallel tasks
Roland Braune

This contribution is based on a multiprocessor scheduling problem
with unit time parallel tasks and precedence constraints associated with
minimum and maximum time lags. The objective is to minimize the
total weighted completion time, where the weight of a task is equal
to its size (width). This kind of objective function leads to a resource
allocation profile that is "left-shifted" and hence avoids idle time to
occur in earlier time periods. In the extreme case, the multiprocessor
resource is maximally occupied in all time periods except for the last
one, where just some residual load remains. This kind of allocation
profile is referred to as an "ideal" schedule.

The goal is to predict the existence of an ideal schedule for a given
problem instance and, consequently, to choose the appropriate algo-
rithm for exact optimization. An instance that actually has a feasible
solution in the form of an ideal schedule could be solved by generating
maximal feasible sets of tasks only. Otherwise, a conventional branch-
and-bound algorithm has to be used which also enumerates incomplete
feasible sets, leading to a higher degree of combinatorics. Promising
features are identified based on the problem definition, extracted and
used for training various different binary classifiers known from ma-
chine learning. First computational experiments show prediction accu-
racies of around 90% and considerable time savings compared to exact
optimization without algorithm selection.
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Anticipating complex nesting solutions in hierarchical
production planning using machine learning models
Aykut Uzunoglu, Christian Gahm, Stefan Wahl, Axel Tuma

In hierarchical production planning, the consideration of interdepen-
dencies between superior top-level decisions and subordinate base-
level decisions is essential. In this respect, the anticipation of base-
level reactions is highly recommended. We analyze an application
case originating from the metal processing industry. In this example, a
serial-batch scheduling problem constitutes the top-level problem and
a complex nesting problem constitutes the base-level problem. The
top-level scheduling decision includes a batching decision, i.e., the de-
termination of a set of small items to be cut out of a large slide. To
evaluate the feasibility of a batch, the base-level nesting problem must
be solved. Because solving nesting problems is time-consuming even
when applying heuristics, it is troublesome to solve it multiple times
during solving the top-level scheduling problem. For this reason, we
propose an approximative anticipation of base-level reactions by ma-
chine learning to approximate batch feasibility and present a prediction
framework to identify the most promising machine learning method for
the prediction task. For training, validation, and testing, we develop a
new instance generation procedure that uses a set of 6,000 convex, con-
cave, and complex shapes to generate 88,200 nesting instances. De-
pending on further assumptions, we can report that the approximative
anticipation leads to an appropriate batch feasibility decision for 98.8%
of the nesting instances.
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NHSquicker: Shaping Demand for Urgent Care through
Real-Time Data and Digital Nudges
Navonil Mustafee, John Powell

Our work aims to investigate if indirect suggestions (nudges) can sup-
port patients in need of urgent care to make more informed decisions
about available healthcare choices. Our nudge is digital in nature and
is delivered through the NHSquicker app. The app informs patients of
alternative facilities for care that are located at a catchment-level (e.g.,
hospitals with A & E departments, urgent care centres [UCC] and mi-
nor injury units [MIU] that are part of the urgent care network). By
combining the current wait time with travel time, the app directs users
towards facilities where they may be seen quicker, so that patients
can choose the appropriate type of treatment facility for their condi-
tion. Thus, beneficially, only those with more serious needs present at
the A & E, thereby reducing overall demand on the A & E facilities
by redirecting less serious cases to the more appropriate facilities of
MIUs/UCCs. A & E waiting times are thereby reduced. It also helps
to shape demand across the urgent care network by encouraging pa-
tients to choose an appropriate destination and optimal time of visit.
NHSquicker is currently live in all of Devon and Cornwall and cov-
ers parts of Somerset and Bristol. It receives real-time data from 27
centres for urgent care, including nine emergency departments.

In this talk, we present the context and motivation for this work, the
process of co-development of the solution with several NHS Trusts in
the South West of England (as part of the Health and Care IMPACT
Network), the data standard and the IT architecture, the initial rollout
and deployment and the evidence of impact.

Airport Staff Scheduling at Swissport International: 14
Years of Collaboration in Business Optimization
Andreas Klinkert, Peter Fusek, Bruno Riesen, Roman Berner

Swissport International Ltd. is the largest ground handling company
worldwide, providing services for 82 million passengers and 4.1 mil-
lion tons of cargo a year, with a workforce of 45,000 personnel at 269
airports. Swissport employs at its main airports up to 2500 people
with hundreds of different work skills and shift duties, and a multitude
of contract types. Monthly staff planning is highly complex and expen-
sive, and usually requires extensive manual work by specially trained
planners.

In 2007, Swissport launched a strategic R&D collaboration with the
Zurich University of Applied Sciences (ZHAW), Institute of Data
Analysis and Process Design (IDP), with the aim of developing in-
novative software for solving its challenging staff rostering problems.
Evaluation of the commercially available tools showed that no soft-
ware was able to satisfactorily solve the complex large-scale planning
problems at Swissport.

Staff scheduling and rostering involves a number of hierarchical sub-
problems including demand modeling, task generation, shift design,
days-off scheduling, shift assignment and real-time dispatching. When
solving highly constrained large-scale workforce planning problems it
is usually not computationally practical to deal simultaneously with
all these tasks. Real-world software solutions typically decompose the
overall planning task into heuristically designed subproblems which
then are tackled by a variety of suitable exact and heuristic methods.

This presentation focuses mainly on the central rostering phase, which
is the most complex, expensive and sensitive planning task at Swiss-
port. The enormous effort involved can be illustrated by the example
of Zurich Airport, where the initial rostering process with 20 planners
took around 400 working days per month.

During a long-term strategic collaboration, a high-performance soft-
ware for automated staff scheduling has been developed, which is
able to efficiently solve Swissport’s complex rostering problems. The
methodology comprises a broad range of optimization techniques in-
cluding preprocessing, decomposition, projection, and relaxation ap-
proaches, mixed-integer programming models, infeasibility analysis,
and various heuristic procedures. Developing ’good” MIP formula-
tions to reduce solver computation times was one of the most chal-
lenging parts and required substantial insights from combinatorial op-
timization, polyhedral combinatorics, and graph theory. The project
was several times close to failing due to intractable MIP models and
could only be continued thanks to mathematical breakthroughs leading
to powerful new MIP formulations.

The developed software is fully implemented and in operational use
at all major airports in Switzerland, including more than 55 internal
customers, and its roll-out is continuously being expanded to other sta-
tions. Bottom line benefits include faster and more robust planning
processes, improved roster quality and fairness, and significant finan-
cial savings.

Intelligent Truck Drayage Dispatching and Appointment
Booking: A real-world application in the Port of Ham-
burg (Germany)

Stefan Voss, Eduardo Lalla-Ruiz, Leonard Heilig

Container transportation is inseparable from container trucking, espe-
cially concerning the first and last mile. Truck drayage operations fa-
cilitate inter-terminal transportation within ports and transfers to hin-
terland connections (e.g., rail, barge). With growing problems related
to limited capacities, traffic, peak demands, many restrictions and en-
vironmental requirements, manual dispatching of a large fleet of trucks
reaches its limits. This impulsed the collaboration with EUROGATE,
Europe’s leading shipping line-independent container terminal oper-
ator, to extend their dispatching system with a modern cloud-based
data-driven decision support system.

For addressing the challenge of making truck drayage operations more
reliable and eco-efficient, we developed port-10, a cloud-based plat-
form combining modern digital technologies with operations research
methods. It enables efficient coordination and management of con-
tainer transports in real-time. This involved, on the one hand, the de-
velopment of several (meta-)heuristics supporting the functionality of
fast decision making as well as multi-objective approaches enabling
simultaneous evaluation and analysis of economic and environmen-
tal objectives. On the other hand, this required the incorporation and
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utilization of operational analytics using machine learning approaches
and data visualization techniques. Applying those methods into prac-
tice resulted in a 10-20% improvement regarding transport distances
and fuel consumption and a 15% reduction of empty trips, besides a
fair distribution of orders to truckers, which was improved by 50%.
In a follow-up project, we further satisfied requirements for chassis
equipment swaps and incorporated automated slot booking into the op-
timization to fit plans with slot availabilities from the mandatory truck
appointment system (TAS).

The successful application gained huge interest in the industry and by
a major stakeholder, paving the way for a new start-up, driveMybox.
driveMybox is the first digital all-in-one platform that fully supports
processes from the booking in a modern cloud-based platform to the
execution using a trucker app, with optimization and machine learning
approaches at its core and full transparency for customers. During the
beta phase and since the official go-live in August 2020, the platform
has handled more than 10.000 bookings in Germany and beyond and
plans a turnover in the seven-digit range in 2021. The international
expansion is planned for starting this year.
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Data-driven forecasting for operational planning of
emergency medical services

Paulo Abreu, Inés Marques, Ana Paula Barbosa-Pévoa,
Daniel Santos

Emergency Medical Services (EMS) are a vital component of pre-
hospital medical care, playing an important role in preserving human
lives. The pressure on these services is increasing, as planners need to
deal with conflicting objectives, such as demand coverage, costs, and
population equity to allocate scarce resources, i.e. staff and emergency
vehicles, to meet the growing demand. To tackle this problem, a data-
driven forecasting method is proposed to predict volumes of EMS calls
and dispatches of emergency vehicles since demand forecasts are im-
portant inputs to support resource allocation decisions. The method is
based on data-mining tasks to build spatio-temporal datasets with mul-
tiple cross-attributes that help to explain demand patterns of a given
region, in addition to addressing the problem of demand shared by
neighboring zones. This method was tested using the case study of the
Portuguese EMS, developing neural network (NN) models to predict
the volume of calls and dispatches of vehicles using the regression con-
cept, while calls are additionally explored using classification. Good
results were observed in terms of model accuracy, as well as the flex-
ibility of the method, which encourages the application of the method
for other emergency medical systems. Additionally, the NN models
developed using the proposed method are practical for planers, since
the same model can be used for an entire year, and can contribute to
real-time decision-making.

The multiple ambulance type dispatching and reloca-
tion problem: the Portuguese case
Ana Sofia Carvalho, Maria Eugénia Captivo

The ambulance dispatching and relocation are two of the most studied
problems in the Emergency Medical Service (EMS) context. Dispatch-
ing decisions assign ambulances to emergencies, and the relocation
problem decides to which base ambulances should be (re)assigned.
Different ambulance types, which vary in the equipment and crews,
should be used according to the emergency severity. Having the Por-
tuguese EMS as a case study, several real-life features are considered,
such as extra time above the maximum response time, the setup time

to crews to get ready, and ambulances’ working shifts. We propose a
new preparedness measure to achieve a good service level for current
and future emergencies, considering different ambulance types. The
proposed strategy considers the preparedness measure and allows relo-
cations to any base. A mathematical model and a pilot-method heuris-
tic are developed to solve these problems. To help the EMS managers
in the decision-making process, we use a Geographic Information Sys-
tem (GIS) to develop a GIS-based tool. The proposed strategy and the
current Portuguese EMS strategy, which dispatches the closest avail-
able ambulance and relocates ambulances to their home bases, are em-
bedded in this tool. Running simulations for all day, we highlight the
proposed strategy’s potential.

Investigating strategic factors that affect waiting times
in an emergency department
Alessandro Nonis, Ernst-Jan Camiel Wit, Clelia Di Serio

Waiting times in accident and emergency (A&E) depend on a number
of factors. The aim of the work is to identify the most important fac-
tors that affect patients’ waiting times in order to determine whether
the A&E system functions appropriately. We study the arrival times
in a major hospital in Milan (Italy) during 2018. We find that waiting
times depend mainly on severity of the patient at arrival (color code):
severe patients are immediately treated and urgent patients have a short
waiting time while patients with a non-critical condition can wait even
several hours before being visited. Importantly, there is only marginal
fluctuations across the day, suggesting that the system is able to deal
quite effectively with the large fluxes in the arrival process across the
day. Clearly, queue size and crowding of the ER affect the waiting
times. Also, different departments of the hospital behave differently in
terms of waiting times: bigger departments like medicine and surgery
are quite comparable, while smaller departments such as Gynecology
and Ophthalmology tend to be faster than the others. However, there
remain significant differences in waiting times between the various
days of the week, with Monday being particularly busy and Thursday
less so. Also, surprisingly, we find that men, even accounting for the
other factors, seem to be treated slightly faster than women and arriv-
ing at the hospital by ambulance seems to slightly increase the waiting
time.

Patient Direction to Emergency Service Centers Mini-
mizing Travel and Service Times
Burak Pac

We consider the dynamic hourly patient direction policies from dis-
tricts to emergency service centers in a weekly planning horizon.
Travel times to the assigned emergency service and total time in the
service are computed based on a simulation model. The model is cal-
ibrated using existing performance data for missing data on person-
nel schedules. Simulation-genetic algorithm hybrid serves to gener-
ate the pareto efficient frontier for biobjectively minimizing maximum
emergency service busy time and average service time including travel.
For the single of objective of minimal average travel and service time,
computational results indicate significant reductions compared to undi-
rected patient arrivals, and balanced busy times for emgergency centers
accompany.
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Robust Workload Balance in Postal Delivery Services
Oscar Téllez, Véronique Frangois, Yasemin Arda

Postal delivery services are an essential part of our lives. We use them
whether to send Christmas cards or to receive everyday products di-
rectly to our doorstep. This service is assured by couriers who perform
daily rounds in fixed geographic areas called districts. Districts are typ-
ically defined for a long period of time based on the expected demand.
However, normal demand variation can negatively impact the couri-
ers” workload, either by exceeding their shift duration, or by creating
a largely unfair workload distribution among couriers on certain days.
We address the problem of designing robust districts so that the work-
load of couriers remains balanced under stochastic demand and service
times. The problem is modeled and solved as a two-stage stochastic
program: the districting decisions are made in the first stage, and the
robust workload balanced is estimated in the second stage. In order to
include realistic distribution network features, the underlying problem
is treated as a node, edge, and arc routing problem with stochastic cus-
tomers and service times. This research is carried out in collaboration
with bpost, the Belgian postal service company.

The Dial-a-Ride Problem with Transfers and Walking
Idan Meshulami, Mor Kaspi

In this work, we define and study a new variant of the Dial-a-Ride
Problem (DARP) which considers both transfers and walking, namely,
the DARP with Transfers and Walking (DARPTW). In particular, pas-
senger itineraries may include multiple transfers and multiple walking
segments. The goal of the DARPTW is to minimize a multi-objective
function consisting of the total distance covered by the vehicles, the
number of transfers, the total walking distance and the total excess
time of the passengers. Introducing transfers and walking presents sev-
eral opportunities. Multiple transfers may allow balancing the vehicle
loads and reducing the service area covered by each vehicle. Walk-
ing may assist in reducing unnecessary vehicle detours to remote lo-
cations and may facilitate significant shortcuts that the vehicles cannot
perform due to travel directions imposed by the road network. Never-
theless, these extensions further generalize and complicate the DARP
which is known to be NP-hard. We devise an efficient algorithm for the
scheduling sub-problem and use it as a subroutine within Large Neigh-
borhood Search framework. The algorithm determines the feasibility
of given routing plans and applies fast scheduling heuristics. Numer-
ical experiments are conducted using real-world data obtained from
Bubble-Dan in Tel Aviv. Preliminary tests over thousands of schedul-
ing sub-problem instances demonstrate that the scheduling heuristic
finds the optimal schedule in more than 90% of the cases.

Vehicle Routing and Scheduling for Private Hire Coach
Industry

Seyed Mohammad Ghoreyshi, Antonio Martinez Sykora,
Chris Potts

Private hire coaches are used by groups of people who wish to be taken
together to a special event and then return, or who want to make a tour
by visiting places of interest such as museums, historical buildings, etc.
Planners working in the private hire sector are faced with the problem
of assigning tasks and drivers to vehicles. Associated with each task
is a start time and location, an end time and location, and an itinerary
that must be followed. Some tasks require a coach and driver for the
complete working day, while other shorter tasks can be combined to
form a work package for a driver. For a work package to be feasible,
it must be possible for the coach to travel between the end of one task
to the start of the next task so that the coach is available at the required
start time. Also, the coach to be used must have sufficient capacity for
all tasks in the work package and must also have the necessary facili-
ties required by each of the tasks. A further constraint is that the work
package should allow the driver to take sufficient breaks to conform to
EU rules. Various algorithms are proposed for creating work packages
that contain all the tasks with the objectives of minimising the number
of work packages and of the distance travelled. Computational test-
ing with large real-world instances shows that these algorithms create
better work packages than those used by the company that funded this
research.

4-

A Deterministic Annealing Local Search for the Electric
Autonomous Dial-a-Ride Problem
Yue Su, Jakob Puchinger, Nicolas Dupin

This paper investigates the Electric Autonomous Dial-a-Ride Problem
(E-ADARP), which consists of scheduling electric autonomous vehi-
cles (EAVs) to transport users from specific origins to specific desti-
nations within predefined time windows. We propose a Deterministic
Annealing (DA) meta-heuristic where efficient local search operators
are integrated to enhance the solution’s quality. The potential visits
to the recharging stations are explicitly handled by a bi-directional in-
sertion algorithm. Computational experiments prove the effectiveness
of the proposed algorithm in solving E-ADARP. The experiments are
conducted under three scenarios: low, medium, and high energy level
restriction, representing the constraint on the minimum level of the
battery capacity at the end of the route. For each scenario, adapted
instances from the literature are tested, and an average gap of 0.58%
is achieved compared to the best-known solutions for E-ADARP. Sev-
eral new best solutions are found on previously solved and unsolved
instances. Then, we investigate the effect of allowing multiple visits
to the recharging stations. The experiments show that this operation
can efficiently decrease the total cost and improve the solution feasi-
bility. Furthermore, we establish new benchmark instances based on
literature with up to 8 vehicles and 96 requests, with our algorithm
providing feasible solutions that the exact method from the literature
cannot solve in a given amount of time.

Bi-Objective Special Education Needs Bus Routing
Problem
Jacopo Pierotti, Lina Simeonova, Theresia van Essen

The School Bus Routing Problem is a combinatorial optimization
problem whose aim is to route a fleet of buses at minimal cost. These
buses must depart from the school, collect the students and return to
the school while respecting the vehicles’ capacity and time limitations.
When considering students with special needs (e.g., autism), attenders
(i.e., dedicated staff) must be routed as well for assistance purposes. In
addition, we consider the familiarity level of the students inside a bus
to ensure a pleasant quality of service. We define the familiarity level
as an index expressing how well each student knows the other riders
(fellow students and attenders) on the same bus. Doing so, we can en-
force a necessary minimum level of familiarity to be attained by the
solution. As often happens in vehicle routing problems, this raises an
interesting trade-off between minimizing travel costs and maximizing
the quality of the service. In this presentation, we introduce a MILP
model to obtain the Pareto front for small instances and a metaheuris-
tic to estimate the Pareto front for real-life instances. These real-life
instances are based on data from a specialized school in the South-East
of England.
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Exploiting tractable structures in personnel rostering
Chao Li, Pieter Smet, Patrick De Causmaecker

Although personnel rostering problems are typically NP-hard, partic-
ular tractable cases are identified in the literature. In this work, we
focus on the joint structures among these polynomially solvable ros-
tering problems. These problems are formulated as a unified linear
program rather than network flow models to increase the generality.
The further understanding of the tractable problems also helps solve
NP-hard rostering problems, as the tractable structures could be found
in their subproblems.
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Learning to Reduce State-Expanded Networks for Multi-
Activity Shift Scheduling
Michael Rémer, Till Porrmann

For personnel scheduling problems, mixed-integer linear programming
formulations based on state-expanded networks in which nodes corre-
spond to rule-related states often have very strong LP relaxations. A
challenge of these formulations is that they typically give rise to large
model instances. If one is willing to trade in optimality for computation
time, a way to reduce the size of the model instances is to heuristically
remove unpromising nodes and arcs from the state-expanded networks.
In this talk, we propose to employ machine learning models for guid-
ing the reduction of state-expanded networks for multi-activity shift
scheduling problems. More specifically, we train a model that predicts
the flow through a node from its state attributes, and based on this pre-
diction, we decide whether to keep a node or not. In experiments with
a well-known set of multi-activity shift scheduling instances, we show
that our approach substantially reduces both the size of the model in-
stances and their solution times while still obtaining optimal solutions
for the vast majority of the instances. The results indicate that our
approach is competitive with a state-of-the art Lagrangian-relaxation-
based matheuristic for multi-activity shift scheduling problems.

A Rolling Horizon Approach for Planning Chemother-
apy Treatments and Oncologists Shifts in a shared out-
patient cancer centre

Elena Tanfani, Giuliana Carello, Paolo Landa, Angela Testi

Due to the ever-increasing number of cancer patients, the demand
for chemotherapy treatments has been rising in recent years. In the
chemotherapy treatment process, each patient, after the blood test and
before the drug infusion, must undergo an oncologist visit to decide
if the patient’s conditions are compatible with the treatment. As sug-
gested by the Organisation of European Cancer Institutes (OECI), we
consider a cancer centre where the main physical and human resources
are shared among different specialties. Several optimization problems,
at different decision levels, arise in managing and operating shared can-
cer centres. In this paper, we focus on jointly planning the weekly
assignment of exam rooms and time slots to cancer pathologies and
assigning visit blocks to the available clinicians over a monthly plan-
ning horizon. We consider different objectives, such as the amount of
served demand and the clinicians’ workload balance. We developed
MIP models to build the weekly schedule and to provide a clinician’s
cover of the weekly schedule on a reference month. As we want to
keep as much as possible the weekly schedule unchanged over a multi-
month planning horizon, we propose a rolling horizon approach that
determines a suitable clinician’s assignment to the slots in the weekly
schedule allowing a limited number of changes from one month to the
next one. The models have been tested on real data from an Italian
hospital.

Effects of Training Priorities in Annual Scheduling of
Medical Residents
Jens Brunner, Sebastian Kraul

Medical residents often have to pass through many departments, which
place different requirements on them. They are informed about the
upcoming departments by an annual schedule to keep the individual
departments’ service level as constant as possible. Due to poor plan-
ning and uncertain events, deviations in the schedule can occur. These
deviations affect the service level in the departments as well as the
satisfaction of the residents. This project analyzes the impact of prior-
ities on residents’ annual planning to overcome unknown departmen-
tal changes. We present a novel two-stage formulation that combines
residents’ tactical planning with daily and duty rostering’s operational
level. We determine an analytical bound for the problem that is sig-
nificantly superior to the LP bound. Additionally, we approximate a
bound based on the solution approach. In a computational study, we
analyze the performance of various bounds, our solution approach, and
the effects of additional priorities in residents’ annual planning. It turns
out that additional priorities can significantly reduce the number of un-
known shifts to be worked. Finally, we derive a practical number of
priorities from the results.
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An Analytical Comparison of Models for Rolling Stock
Scheduling

Rowan Hoogervorst, Boris Grimm, Stanley Schade, Ralf
Borndortfer

A major step in the planning process of passenger railway operators
is that of assigning rolling stock, i.e., train units, to the trips in the
timetable. A rolling stock assignment should preferably satisfy the pas-
senger demand, but also be attractive from the perspective of the rail-
way operator. To support railway companies in scheduling their rolling
stock, the literature has proposed a wide variety of models. These vary
as a result of operational differences, and hence different requirements,
between the considered railway companies. In this talk, we categorize
the existing models according to these requirements and show the re-
lations between them. Moreover, we make an analytical comparison
between two models that have been proposed for the setting of Nether-
lands Railways (NS) and DB Fernverkehr AG (DB), respectively. Our
analysis shows that these formulations lead to the same linear program-
ming relaxation bound when considering the rolling stock scheduling
setting of NS. Moreover, a numerical comparison shows that the model
proposed for NS is able to find optimal solutions in shorter running
times in this setting.

A Simulation-Optimization Framework for Traffic Distur-
bance Recovery in Metro Systems

Marta Leonina Tessitore, Marcella Sama, Andrea D’ Ariano,
Dario Pacciarelli

Metro systems are used by millions of passengers every day. Maintain-
ing a satisfactory quality of service is thus paramount but difficult, due
to the high frequencies of services and probability of disturbances that
may cause delays and disruptions. We create a simulation-optimization
framework that analyses how delays propagate in a metro network
when different recovery strategies are implemented. A traffic simu-
lator, called SIMSTORS and based on a Stochastic Petri Nets variant,
is used as surrogate for the real metro system. Following a closed-loop
framework, where rescheduling measures are repeatedly computed on
the basis of current traffic states and previous decisions, SIMSTORS
rule-based algorithms have been integrated with the AGLibrary opti-
mization solver, a deterministic solver for managing complex schedul-
ing problems that formulates the real-time train rescheduling problem
as an Alternative Graph. Several operational issues have been inves-
tigated throughout the use of this framework, among which how to
design suitable periodic or event-based strategies, and how to decide
the frequency and the length of the optimization process. The Santi-
ago Metro Line 1, in Chile, is used as a practical case study. Compu-
tational results show that the best performance, in terms of train de-
lay minimization and service regularity, can be achieved when using
the optimization algorithms in addition to the rule-based embedded in
SIMSTORS.

The Electric Dial-a-Ride Problem on a Fixed Circuit
Yves Molenbruch, Ohad Eisenhandler, Mor Kaspi, Kris
Braekers

Innovative shared mobility services involving electric autonomous
shuttles have increasingly been implemented in recent years. Due to
various restrictions, these services are currently offered on fixed cir-
cuits and operate on fixed schedules. This study introduces a service
variant in which the shuttles’ stopping patterns and schedules are de-
termined in a flexible way. Specifically, in the Electric Dial-a-Ride
Problem on a Fixed Circuit (¢eDARP-FC), a fleet of capacitated electric
shuttles operates on a given circuit, consisting of a recharging depot

63



MC-42

EURO 2021 - Athens

and a sequence of stations where users can be picked up or dropped
off. The shuttles may perform multiple laps between which they may
need to recharge. The goal of the problem is to determine the vehicles’
stopping sequences and schedules, including recharging plans, so as to
minimize a weighted sum of the total user journey time and the total
number of performed laps.

The eDARP-FC is formulated as a novel lap-based MILP and is shown
to belong to the class of NP-Hard problems. Efficient polynomial
time algorithms are devised for two special scheduling sub-problems.
These algorithms and several faster heuristics are then applied as sub-
routines within a Cross-Entropy metaheuristic tailored to the eDARP-
FC’s structure. Experiments on instances derived from a real-life sys-
tem demonstrate that the flexible service allows providers to reduce
operational costs and improve service quality.

Timetable-based railway network design
Tim Sander

In various european countries, including Switzerland, the Netherlands
and Germany, the design of railway infrastructure networks is driven
by timetables which determine the design and the extensions of railway
networks. This paper presents an approach for the automatization of
the timetable-based railway network design. Based on a macroscopic
timetable with a set of trains and their properties, including source and
destination nodes as well as bounds for departure and arrival times, a
cost-optimal set of arcs is constructed so that all trains can reach their
destinations within the given time windows. The detailed routing and
timing of the trains is determined during the optimization. The usage
of minimal headway times depending on arc properties, train succes-
sion and train types ensures a realistic capacity estimation. For each
arc, key properties such as train-type-dependant travel times, minimal
headway times and the number of tracks per direction are determined
by the model. In order to ensure performance for larger instances, both
row and column generation approaches are implemented. The model
is tested using data from the german ,,.Deutschlandtakt”. Further ex-
tensions will include the consideration of robustness of the resulting
infrastructure measures against changes of the input timetable.
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A hybrid metaheuristic for yard crane scheduling prob-
lem considering energy consumption
Ran Wang, Afshin Mansouri, Cihan Butun

In the past decade there has been a growing trend of studies focus-
ing on the productivity of container terminals, but very few of them
considered the environmental sustainability. In this paper, we tackle
a bi-objective yard crane scheduling problem that aims to minimise
the total tardiness of jobs and the total energy consumption of yard
cranes. Two types of cranes are used for the container movements:
rubber tyred gantry cranes (RTGs) and reach stackers (RSs), which
are frequently used for jobs such as stacking, retrieving, and reshuf-
fling of containers. RTGs generally operate in a single block whilst
RSs can carry containers between blocks. There is usually a trade-
off between productivity and energy-saving in yard crane scheduling
problems. When cranes prioritise the minimisation of total job tardi-
ness, the travel distance related energy consumption could increase.
The problem is firstly converted into a vehicle routing problem with
time windows and formulated as a mixed integer programming model.
We propose a hybrid metaheuristic, which combines Pareto archived
evolution strategy with a simulated annealing method as local search.

We demonstrate the applicability of our approach using data of a con-
tainer terminal in Spain. The results indicate the viability of our model
and the solution method in providing insights to the yard operation
planners in making informed decision considering trade-offs between
performance- and sustainability-oriented key performance indicators.

2 - Sustainability considerations in container pre-
marshalling problem
Cihan Butun, Afshin Mansouri, Ran Wang

Environmentally sustainable operations are vital for container termi-
nals due to their prominent role in global supply chains and geograph-
ical proximity to urban areas. Although there is a growing scholarly
interest in sustainable maritime logistics in parallel with the changing
priorities of the industry, the analytical research in many areas of port
operations still solely focuses on the productivity. In this paper, we
address this gap and tackle a container pre-marshalling problem with
sustainability considerations. The task in the problem is to determine
the reordering move sequence of containers in a terminal yard bay to
achieve an ordered bay configuration by minimizing the energy con-
sumption of the yard cranes involved in pre-marshalling. We formulate
the problem as a mixed integer linear programming model and present
a solution method that utilizes A* algorithm. The proposed method
treats feasible move sequences as paths originating from the initial
bay configuration, ordered bay configurations as goals, and employs
a novel heuristic function to estimate each path’s remaining energy
consumption and number of moves to reach a goal. The experiments
performed with the use case scenarios provided by a Spanish container
terminal confirm the effectiveness of the proposed solution method,
demonstrate that energy savings can be achieved without disrupting
the terminal productivity, and validate the consideration of sustainabil-
ity in pre-marshalling operations.

3 - Energy demand of parcel delivery services with a mixed
fleet of electric vehicles
Thomas Kirschstein

Drone logistics is considered as a disruptive business model reshaping
logistics in the next decades. Most prominent potential advantages of
drone delivery are cost savings, high speed, and high flexibility. Addi-
tionally, drones are also considered as a means of green transportation
as they are electric vehicles which are potentially emission free. To
which extent these potentials can be realized depends on environmen-
tal and technological conditions. In this study a stationary drone de-
livery system is considered where parcels are delivered from a central
depot to customers either by drone or electric truck. The minimal total
energy consumption for serving all customers is determined by solv-
ing a selective travelling salesman problem with an simple but effective
heuristic. In a simulation study the effects of structural characteristics
(like numbers of customers and customer density) and environmental
conditions (like wind speed and traffic conditions) on potential energy
savings using a mixed fleet are estimated. The results indicate that
structural characteristics and environmental conditions heavily affect
the energy saving potential of drones. In urban settings with high cus-
tomer density, the energy saving potential is limited to about 1 % on
average while in rural settings drones can help to save about 5 % of to-
tal energy. However, under drone-favoring conditions like calm winds
and heavy traffic, the energy saving potential can double.
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Stochastic Scheduling of Chemotherapy Appointments
under the Consideration of Patient Acuity Levels
Sirma Karakaya, Serhat Giil, Melih Celik

Chemotherapy scheduling is a challenging problem due to uncertainty
in infusion durations and non-homogeneous care level needs of pa-
tients. We study the problem of scheduling patient appointments and
assigning patients to nurses under uncertainty in infusion durations for
a given day. We consider instantaneous nurse workload, which is rep-
resented in terms of total patient acuity levels, and chair availability
while scheduling patients. We formulate a two-stage stochastic mixed-
integer programming model to represent the problem. We propose a
scenario-bundling based decomposition algorithm to find near optimal
schedules. We use data of a major university hospital to generate man-
agerial insights related to chemotherapy scheduling.

Modeling COVID-19 hospital admissions and occu-
pancy in the Netherlands
Ger Koole, René Bekker, Michiel uit het Broek

We describe the models we built for hospital admissions and occu-
pancy of COVID-19 patients in the Netherlands. These models were
used to make short-term decisions about transfers of patients between
regions and for long-term policy making. We motivate and describe
the model we used for predicting admissions and how we used this to
make predictions on occupancy.

Designing master surgery schedules with downstream
unit integration via stochastic optimization
Daniel Santos, Inés Marques

Surgical activity has a substantial impact in all areas of hospitals. Ad-
ditionally, social concerns arise related to equity and speed of access.
Therefore operating room management is paramount in the modern
society. This work studies the master surgery scheduling problem
which is the problem of assigning surgical specialties to operating
room blocks, which represent a shift of an operating room. For a mas-
ter surgery schedule to be applicable in practice, multiple considera-
tions must be taken into account. The particular focus of this work is
in the integration of downstream units, i.e., beds. Although in a tacti-
cal planning scenario operational bed requirements are unknown, these
may be estimated based on historical data. We propose a stochastic op-
timization model that captures the uncertainty in the bed requirements,
with a recourse function that reduces the overutilization of beds. A
solution approach based on Benders decomposition is developed and
results for instances generated based on real-life data are presented.

MDP Model for the Preference-Based Appointment
Scheduling Problem with Multi-priority Patients
Feray Tuncalp, E. Lerzan Ormeci

We consider the problem of appointment scheduling for a physician
or a diagnostic resource in a healthcare facility. Patients contact the
facility either through a call center where patients are scheduled im-
mediately, or through a website which produces a list of patients to be
scheduled every morning. Patients are further differentiated according
to their priority classes, possibly depending on their insurance types.
The facility aims to maximize the expected average revenue, while
ensuring that a certain service level is satisfied for lower-priority pa-
tients. Different priority classes may have different preferences, which
are represented through multinomial logit models. The facility has two
types of decisions: offering a set of appointment days to a patient ac-
cording to her priority class and choosing the patient class (from the pa-
tient list generated through the website) to contact with. We model this
system as a Constrained Periodically Time-Inhomogeneous Markov
Decision Process model. We derive analytical results on the structure
of the optimal policy and implement a simulation-based booking limit
improvement policy by approximating the value function to solve this
model. In this manner, we combine simulation optimization with ap-
proximate dynamic programming (ADP) techniques to develop a good
solution for the model. The performance of this policy is evaluated in
a numerical study through a comparison with certain benchmark poli-
cies.
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Machine Learning and OR
Sofiane Oussedik

There is a lot of synergy and complementarity between Operations Re-
search (OR) and Machine Learning (ML). While some ML experts use
OR to improve the machine learning models, OR experts use ML more
and more to incorporate learning in their optimization algorithms. The
two technologies also complement each other to deliver more value to
business users and higher impact. In this session we’ll discuss some
examples with a focus on real life problems.

For latest information on speakers and other details, visit the "Mak-
ing an Impact” webpages here: https://euro2021athens.com/specific-
sessions/
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Exact solution procedures for the stochastic inventory
transportation planning in maritime supply chains
Majid Yazdani, Tarik Aouam

This work studies the coordination of transportation planning and
multi-echelon inventory optimization in a maritime supply chain fac-
ing uncertain demand of a single product. By adopting a guaranteed
service approach, we formulate an integrated problem that jointly op-
timizes inventory targets and transportation-related decisions, includ-
ing direct shipments from multiple-origin ports to multiple-destination
ports, fleet sizing, and ship speed selection. The objective is to mini-
mize the expected total inventory and transportation cost, while meet-
ing specified service levels. Using structural properties of the opti-
mal solution, alternative mixed-integer nonlinear formulations are pre-
sented and solved using exact solution procedures. Numerical exper-
iments illustrate the importance of adopting multi-echelon inventory
optimization for planning inventory in maritime supply chains and that
there is great value in coordinating inventory and transportation plan-
ning decisions. Additionally, extensive computation experiments show
that the proposed solution procedures find optimal or near-optimal so-
lutions for reasonable supply chain sizes and outperform a state-of-the-
art nonlinear commercial solver, in terms of solution quality and CPU
times.

Exploring the seller-buyer relationship in a two-stage
supply chain with imperfect quality products
Zsuzsanna Hauck, Boualem Rabta, Gerald Reiner
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We consider a two-stage supply chain with imperfect quality prod-
ucts where screening decisions affect the screening cost in addition
to the quality of the final product. Obviously, screening parameters
can also have an impact on consumer satisfaction, increase the returns
due to quality complaints and result in penalty cost. We explore the
seller-buyer relationship in this regards and investigate both coopera-
tive and non-cooperative contracts via a mathematical model. In the
non-cooperative scenarios, the buyer has power over the seller and can
decide on the quality level and the order size. The seller bears screen-
ing costs while it differs in the sub-scenarios which party decides on
the wholesale price. On the other hand, in the cooperative scenario,
decisions are made jointly to maximize the integrated supply chain
profit and we assume a fair sharing of the costs as well as the benefits.
The problem is solved analytically, followed by numerical examples
to investigate the impact of the corresponding decisions on the overall
supply chain profit under various assumptions. Various contracts are
considered and their impact on both parties is emphasized. Results in-
clude that not only the seller but also the buyer and the customers can
benefit from an effective cooperation.

Stochastic cyclic inventory routing with capacitated re-
plenishments
Birger Raa, Tarik Aouam

The cyclic inventory routing problem (IRP) considers a set of retailers
with stable demand rates being replenished from a central warehouse
over an infinite horizon. The retailers are partitioned into subsets, each
covered by a vehicle route that is periodically repeated. The route cycle
times are chosen such that the costs of making the route are balanced
with inventory-related costs at the retailers in the route. When the re-
tailer demand rates are stochastic, safety stock is required and the cost
trade-off is extended to include expected stockout costs. The amount
of safety stock and the stockout risk depend on the route cycle time.
Stochastic demand rates also result in variable replenishment quanti-
ties from one cycle to the next. There is thus a certain risk that the
cumulative replenishment quantity of the retailers in a route exceeds
the vehicle capacity. This risk also depends on the route cycle time.
To cover this risk, additional measures are necessary. We consider
two possibilities. Either an expedited shipment is initiated whenever
the vehicle capacity is exceeded, or additional safety stock is kept at
the retailers to make up for the replenishments that are slightly less
than needed every now and then. We present local-search heuristics
to design routes and optimize the cycle times for this cyclic IRP with
stochastic demand rates and limited vehicle capacities. Computational
results provide insights into the intricate trade-off between the various
cost elements.

Oxygen Supply Chain Planning during COVID-19 Pan-
demic

Yena Lee, Vassilis Charitopoulos, Karthik Thyagarajan, Ian
Morris, Jose M. Pinto, Lazaros Papageorgiou

With the ongoing SARS-CoV-2 pandemic becoming increasingly
widespread and oxygen-therapy being the current dominant treatment
of patients, securing reliable operation of medical oxygen supply
chains becomes increasingly urgent. Nonetheless, the critical issue of
facilitating agile decision-making in the medical oxygen supply chain
using frameworks based on mathematical programming has received
no attention. In this work, we address the problem of planning for
the UK oxygen supply chain comprising production facilities, inter-
mediate storage locations, filling stations, distribution network, and
distribution resources. For the demand side, we consider the entire
oxygen demand throughout the UK to maintain the continuity of sup-
ply required by integrating COVID-19 related and general hospitals,
and industrial users. Moreover, we incorporate multiple scenarios that
reflect oxygen demand increase for COVID-19 affected areas so as to
achieve enhanced customer service responsiveness at minimum supply
cost. The overall problem is formulated as a multi-period mixed inte-
ger programming (MILP) model. The key decisions involve produc-
tion levels of production plants, delivery timings and amounts through
heterogeneous vehicles, and inventory strategies for national stock-out
prevention. Finally, the applicability of the model is demonstrated by
a real-world case study in the UK.
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Electric Vehicle Charging Station Search: on the Bene-
fits of Information Sharing in a Stochastic Multi-Agent
Setting.

Marianne Guillet, Maximilian Schiffer

Range and charge anxiety remain essential barriers to a faster elec-
tric vehicle (EV) uptake. Finding suitable charging stations reliably
and quickly may mitigate an EV driver’s anxiety. To this end, existing
commercial services help drivers find available stations based on real-
time availability data but struggle with data inaccuracy, e.g., due to
ICEing. In the literature, stochastic search methods account for avail-
ability uncertainty and minimize a driver’s detour to reach an available
station. So far, both approaches ignore user coordination enabled by
data sharing, which can reduce station visit conflicts and improve the
driver’s charging experience. Against this background, we study coor-
dinated stochastic search algorithms tailored to various information-
sharing and decision-making scenarios of practical relevance. We
model the multi-agent stochastic charging station search problem as
a finite-horizon MDP and introduce an online solution framework ap-
plicable for static and dynamic policies. Our methodology utilizes a
hierarchical implementation of a single-agent heuristic for decentral-
ized decision making and a rollout algorithm for centralized decision
making. We present extensive numerical studies and show that a de-
centralized setting with visit intentions sharing and a static policy sig-
nificantly improves individual search times and success rate compared
to an uncoordinated setting and shows comparable performances to a
centralized setting with a dynamic policy.

An Efficient Approach to Distributionally Robust Net-
work Capacity Planning
Francis Garuba

In this paper, we consider a network capacity expansion problem in
the context of telecommunication networks, where there is uncertainty
associated with the expected traf- fic demand. We employ a distribu-
tionally robust stochastic optimization (DRSO) frame- work where the
ambiguity set of the uncertain demand distribution is constructed us-
ing the moments information, the mean and variance. The resulting
DRSO problem is formu- lated as a bilevel optimization problem. We
develop an efficient solution algorithm for this problem by characteriz-
ing the resulting worst-case two-point distribution, which allows us to
reformulate the original problem as a convex optimization problem. In
computational experiments the performance of this approach is com-
pared to that of the robust optimization approach with a discrete uncer-
tainty set. The results show that so- lutions from the DRSO model
outperform the robust optimization approach on highly risk- averse
performance metrics, whereas the robust solution is better on the less
risk-averse metric.

Dynamic Service Capacity Sizing and Customer Selec-
tion when Customer Demands are Driven by Past Ser-
vice

Michalis Deligiannis, George Liberopoulos

A firm F serves a set of customers C over time. In each period, F se-
lects its service capacity (SeC), and each C demands service with a
probability that depends on her state, which is satisfied (S) or unsatis-
fied (U), depending on whether her last demand was met or not. Then,
F selects which Cs to serve. Those served (not served) become S (U).
Those who did not demand service remain in their previous state. F
incurs a cost per unit of SeC and receives a C-specific revenue from
each C served. Its objective is to decide its SeC and customer selection
(CuS) policy to maximize its long-run average profit. We show that the
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myopic CuS policy is revenue-greedy (RG) and the myopic SeC policy
is newsvendor-type. If the SeC is one less than the number of Cs, the
optimal CuS policy is a priority index (PI) policy Z where the PI of
each C is increasing in her revenue rate r and the ratio of her demand
probabilities in the S and U states, p. As the number of Cs increases,
the PI tends to rp. For two Cs, the optimal SeC is fixed, and the optimal
CusS policy is Z. For more than two Cs, we numerically compare the
performance of the optimal SeC policy under three Lagrangian-derived
PI CusS policies: (i) The Whittle-index policy, which is equivalent to
the RG policy, (ii) a value-added (VA) policy, where the PI for each C
approximates the value added by selecting vs. not selecting this C, and
(iii) a conditional VA policy, where the added value is zero if the SeC
covers total demand.
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Optimization of a Flexible Schedule for Public Trans-
portation with autonomous vessels
Julio C. Géez, Mario Guajardo, Stein W. Wallace

In this talk we consider autonomous vessels for transporting people on
the coastal area of a city. Typically, vessels are schedule with prede-
fined arrival and departure times established by the management fol-
lowing some criteria or a model. We propose an approach aiming to
enhance the system operation, moving from a full fixed schedule to a
system that follows the demand. We propose an optimization model
aiming to minimize the penalty assigned to the deviation from the tar-
geted users’ arrival times. One challenge is that including full flexibil-
ity on the schedule may lead to problems that are impractical due the
time required to find a solution, hence, defeating the purpose of an ap-
proach that aims to follow demand. To overcome that challenge, we de-
veloped an optimization model that mixes typical patterns of passenger
movements for some established boat routes, while reserving some of
the system capacity to respond to the dynamics of the demand. While
the system could be in principle implemented with manned boats, the
uncertainty introduced by the demand response schedule may lead to
confusion and errors by the crew, and also not be incompatible with la-
bor agreements. For that reason, the use of autonomous vessels is key
to respond more precisely to last minute changes to the stops schedule.
We present illustrative examples to show that the schedules found with
this approach are both practical and may lead to a more efficient and
flexible use of the boats in peak hours.

Optimizing vehicle routing for regional food distribution
of small farmers
Christina Scharpenberg, Jutta Geldermann

The demand for regional products is increasing in Germany in recent
years. Main advantages of purchasing food regional are freshness due
to short travelling distances, strengthening the local economy and thus
environmental friendliness. To keep transport distances as short as pos-
sible and to offer a broad variety of local products, supermarkets co-
operate with small, regional producers. So far, however, this concept
involves an increasing organizational and logistical effort due to a lack
of standardization and due to special requirements of regional produc-
ers. This tends to higher costs of the logistics processes especially at
a ’last mile’ and a ’first mile’. Therefore, we investigated three differ-
ent vehicle routing strategies for the regional food distribution: single
farmers* drop shipping, single farmers‘ round trip and bundled farm-
ers‘ round trip. These three strategies are examined and compared re-
garding their transport cost structure and transport emissions. Our goal

is to minimize costs and emissions caused by the transport. The results
show, inter alia, that both delivery costs and emissions can be reduced
by an average of 75% when switching from drop shipment to bundled
famers’ tours.

An inventory routing problem on electrified road net-
works

Alejandro Gutierrez-Alcoba, Roberto Rossi, Belen Martin
Barragan

While Electric Vehicles (EVs) are emerging as the solution for decar-
bonising private transportation in the future, a viable charging solution
is needed for its adoption by Heavy Goods Vehicles (HGVs). Electri-
fying the roads, providing electric power to EVs from the grid, could
make electric HGVs viable, and it stands as a solution for decarbon-
ising road freight transport that has been trialled in several countries.
In this work, we present an inventory routing problem for a hybrid
HGYV travelling on an electrified road network. In our problem, the
vehicle transiting the network is equipped with a small electric bat-
tery and an auxiliary combustion engine that can be used, producing
higher emissions, when there is no battery left. When the vehicle tran-
sits an electrified road segment it is powered by the electric grid, while
the battery can be charged. We estimate battery and fuel requirements
using a physics model which considers environmental and vehicle pa-
rameters, such as speed and weight. Being the weight of the vehicle
one of the main factors in energy requirements, we study the problem
in a stochastic setting for the demand of the customers scattered across
the network. Lost sales of exceeding demand over inventory are back-
ordered. We present preliminary computational results based on real
data.

Optimizing a Multi Battery Usage System for a Telecom-
munications Company

Isaias Silva, Cédric Bentz, Mustapha Bouhtou, Matthieu
Chardy, Safia Kedad-Sidhoum

The use of batteries as a backup in case of power outages is a com-
mon practice adopted by telecommunications companies that need to
keep their services always active. Besides, those batteries can also be
used for other purposes such as participating in the energy market in
order to reduce the electricity bill, as long as the safety usage rules
are respected. In this context, batteries can be used when the energy
costs more and recharged when the energy costs less, which is known
as the demand-response mechanism. Our focus in this work is to op-
timize the use of batteries installed for backup to participate in the
demand-response mechanism, in order to reduce the total energy cost
for the company. We formally state the related optimization problem
and propose two solving approaches to address it: a mixed-integer lin-
ear program and a heuristic based on graph theory by decomposing the
time horizon in sub problems for large instances. Simulations based on
real data of a French telecommunications operator prove the relevance
of using batteries to reduce the energy cost for the company by par-
ticipating in the demand-response mechanism. The proposed heuristic
proves to be economically relevant and computationally efficient, be-
ing a good alternative to a mixed-integer program for large-scale prob-
lems.
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Scenarios are basic ingredients of optimization problems under un-
certainty. Usually, they are specified only implicitly, e.g. as ranges
over parameter values. Together with a distribution function over the
scenarios, they lead to stochastic optimization problems. A classical
model here is the stochastic linear optimization problem. A popu-
lar approximation method is the Sample Average Algorithm, which
samples scenarios and optimizes over them. Moreover, the value of
data is more and more recognized, which may also lead to reckon with
scenarios that occur in problems more or less frequently. Anyway,
if in this model scenarios are specified completely and individually,
then the problem can be formulated as an LP problem, blown up with
the scenarios. As a result, the problem remains polynomially solv-
able. We wish to investigate if this is a common phenomenon or if
complexity of problems can change if scenarios are introduced into a
problem. We do so at the hand of studying, most prominently, ba-
sic scheduling problems. In such problems we are given a set J of
jobs, each with its processing time, a set of parallel identical machines
and a set of k scenarios, where each scenario is specified as a subset
of jobs in J that must be executed if that scenario occurs. The goal
is to find an assignment of jobs to the machines that is the same for
all scenarios, i.e., if a job does not occur in a scenario it is simply
skipped. We consider the classical scheduling problems of minimizing
the makespan and minimizing the sum of the jobs’ completion times.
For each scheduling objective we consider minimizing the maximum
over all scenarios (robust version) and minimizing the average over all
scenarios (stochastic version). We show that the presence of scenar-
ios may indeed increase the complexity of the problems significantly.
As a dramatic example, we mention the ordinary, single scenario, ver-
sion of the makespan problem with all processing times equal to 1,
which is a trivial problem. With scenarios the robust version of the
problem becomes inapproximable within ratio 2 unless P=NP. This is
even more surprising once one realizes that putting all jobs on one
machine already yields a 2-approximation. Similar results hold for
the sum of completion times problem. As for the makespan problem,
the leap in complexity requires that the number of scenarios is part
of the input. However, I will give an example of a scheduling prob-
lem that is in P in its ordinary version and becomes NP-hard already
for 3 scenarios. We will complement these negative results with some
special cases of the problems that can be solved efficiently, and an in-
triguing open question. The results in this lecture show the mysterious
role that scenarios play in the complexity of combinatorial optimiza-
tion problems. This is based on work in collaboration with Thomas
Bosman (Booking.com), Martijn van Ee (Marine Academy), Este-
ban Feuerstein (UBA), Alberto Marchetti-Spaccamela (LSUR), Frans
Schalekamp (Cornell), Rene Sitters (VU/CWI), Suzanne van der Ster
(Ahold), Anke van Zuylen (Cornell)
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improved performance for
train routing in complex rail networks

Bianca Pascariu, Marcella Sama, Paola Pellegrini, Andrea

D’ Ariano, Dario Pacciarelli, Joaquin Rodriguez

The real-time Railway Traffic Management Problem (rtRTMP) is the
problem of de-tecting and solving time-overlapping conflicting request
done by multiple trains on the same track resources. It consists in re-
timing, reordering or rerouting trains in such a way that the propagation
of disturbances in the railway network is minimized. The rtRTMP is
an NP-Hard problem and finding good strategies to simplify its solu-
tion process is para-mount to obtain good quality solutions in a short
computation. Solving the Train Routing Selection Problem (TRSP)

aims to do so, by limiting the number of routing variables through
a pre-processing that selects the most promising routing alternatives
among the available ones for each train in order to reduce the size of
rtRTMP instances. This paper improves the performance of an Ant
Colony Optimization (ACO) algorithm for the same problem. We first
generalized the cost computation in the TRSP model to better repre-
sent complex rail networks, like that of a complex node. Then, we use
parallelism both to speed up ACO algorithm, and to diversify the local
search used in its daemon actions in order to escape from local minima.
We analyze the impact of the proposed TRSP model and algorithm re-
finements on the rtRTMP solutions through an extended campaign of
computational experiments on a French case study. Experimental re-
sults are promising: the TRSP model refinements and the upgraded
ACO-TRSP algorithm improve the quality of the rtRTMP solutions.

Predicting Key Figures of Rail Freight Service Networks
with Machine Learning
Tobias Pollehn, Daniel Haalboom

In consolidation-based production forms of rail freight transport, com-
modities are routed through a hub-and-spoke network using several
consecutive trains. The Service Network Design (SND) determines
the train services that are operated in the network as well as the routing
of the commodities via these services. As SND models simultaneously
address the intertwined decisions concerning the routing of commodi-
ties and the operation of train services, optimizing SND problems with
considerable network size is time consuming. Especially when con-
ducting scenario analysis, this is a major drawback as the calculation
of numerous instances is required. We tackle this issue by applying
machine learning algorithms to the SND of rail freight. Instead of op-
timizing each problem instance, we use machine learning algorithms
to predict the values of key figures of the service network such as costs
and service structures. We train different machine learning algorithms
with SND solutions found from mathematical optimization and eval-
uate their performance. Our computational experiments indicate the
high accuracy of the predictions demonstrating the gains of applying
machine learning to the SND of rail freight.

A Hybrid VNS-TS Algorithm for an Integrated Railway
Rescheduling and Rerouting

Banafsheh Khosravi, Kullachet Korpattanachaijaroen,
Djamila Ouelhadj

Disruption management is of high importance to the railway operating
companies facing the increasing passenger demand. Therefore, train
dispatchers need to respond to disruptions occurring in daily railway
operations by rescheduling and rerouting trains. In this study, we ad-
dress integrated train rescheduling and rerouting problem, which can
be implemented in operational level planning. The integrated railway
scheduling and routing problem is formulated as a Modified Parallel-
Machine Job Shop Scheduling (MPM-JSS) model to minimize total
delay in the railway network. A novel hybrid metaheuristic which
combines a Variable Neighborhood Search (VNS) algorithm with Tabu
search (TS), called VNS-TS, is developed to solve the mentioned prob-
lem. We conduct computational experiments to evaluate the perfor-
mance of the suggested optimization model and the VNS-TS algo-
rithm. The computational experiments investigate a real-world case
study of London Bridge area in the UK railway network, which consid-
ers different disruption scenarios including blocked tracks on a single-
track section, blocked tracks on multiple-track sections, and longer
running or dwell times. The results show the effectiveness of VNS-TS
algorithm in terms of the solution quality compared to the optimization
model implemented by CPLEX.

A Reinforcement Learning Approach for Railway
Scheduling
Cedric Steinbach, Arturo Crespo Materna

The process of scheduling railway operations as well as the adjustment
of scheduled operations are very complex. In both processes, conflicts
between train operations as well as due the unavailability of resources
must be resolved while taking into account their influence on the rest
of the operations (i.e. follow-up conflicts). The automated adjustment
of the scheduled railway operations is the subject of current research.
State of the art approaches are often supported by exact methods built
through hard boundary conditions or heuristic approaches that do not
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guarantee an optimal solution. However, Machine Learning methods
have received less attention so far. This work describes an algorithm
for solving conflicts, and thus, adjust a schedule using a reinforcement
learning approach. This strategy can be used to perform an adjustment
of the schedule in real-time or as a tool during the scheduling process.
To solve the conflicts, the elemental solutions "shift train in time" and
"rerouting" trains within train stations are used. The target state is a
conflict-free schedule, whereby the resulting waiting times are to be
minimized. The infrastructure model used is based on an established,
macroscopic model. The infrastructure itself is fixed and only the op-
erating programs are varied. Finally, the learned conflict solution strat-
egy is tested against a state of the art heuristic, whereby the previously
described framework already corresponds to the original use of this
heuristic.
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1 - Jaap Spronk: Scholar, gentleman and Consultant
Jyrki Wallenius

In this talk I will focus on some of the highlights of Jaap’s career
as professor, leader, and consultant. Jaap served as professor of fi-
nance at Rotterdam School of Management for over three decades.
Two decades he served as the department head. Jaap was active in
the International Society of Multiple Criteria Decision Making, Eu-
ropean Working Group on Financial Modelling, and EURO. Among
other things, he served a term as President of EURO in the 90’s. His
research was at the interface of Finance and Management Science, and
Multiple Criteria Decision Making in particular. I will also make an
attempt to characterize Jaap as a person. My talk is based on personal
recollections.

2 - Climate risks for sovereign debt in Europe
Stavros A. Zenios

The climate risk exposure of EU sovereigns may seem distant and
indirect. It is nevertheless material. It can be acute, from extreme
weather, or chronic, from gradual temperature increase and the transi-
tion to low-carbon economy. Climate-related innovations also create
growth opportunities. Climate risk uniquely affects sovereign debt,
which is a long-term asset class backed by revenues from an entire
economy fully exposed to climate changes. Governments and fiscal
stability authorities have an interest that the implications of climate
change on sovereign debt are transparent. We discuss the transmission
channels from climate to public finances, and identify a need for an
assessment of the climate-debt nexus by the EU institutions mandated
with fiscal stability. Transposing climate scenarios into sovereign debt
dynamics is possible with the use of integrated assessment models, as
pioneered by Nordhaus, to generate narrative scenarios and stress test
debt dynamics. We use the RICE and WITCH models to illustrate the
effects of climate risk on the debt dynamics of a high-debt EU mem-
ber State. The results highlight the climate risk of debt dynamics and
the analytical insights obtained by integrating climate models into debt
sustainability analysis.

3 - Multifactor model for failure prediction
Dominicus Van der Wijst

This presentation revives the idea of using the multi-factor model for
failure prediction. The model relates cash balances to a number of risk
factors and uses cash insolvency as a measure of failure. Thus, failure

is conditioned on the developments in the external risk factors. Since
each firm is likely to have its own combination of sensitivities to the
risk factors, failure is also conditioned on the specific risk profile of the
firm. This gives a very transparent model that offers a natural connec-
tion with management tools, e.g. to manipulate the sensitivities. The
multi-factor model was one of Jaap Spronk’s favourites, and applying
it to new areas is a connecting element of much of his research.

4 - Multiple Criteria Decision Aid in Finance.
Constantin Zopounidis

To be added
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1 - On efficient algorithms for finding efficient salvo poli-
cies
Martijn van Ee

We consider the salvo policy problem, in which there are k moments,
called salvos, at which we can fire multiple missiles simultaneously at
an incoming object. Each salvo is characterized by the hit probability
of a single missile. After each salvo, we can assess whether the incom-
ing object is still active. If it is, we fire the missiles assigned to the next
salvo.

In the salvo policy problem, the goal is to assign at most n missiles
to salvos in order to minimize the expected number of missiles used.
We consider three problem versions. In Gould’s version, we have to
assign all n missiles to salvos. In the Big Bomb version, a cost of B
is incurred when all salvos are unsuccessful. Finally, we consider the
Quota version in which the kill probability should exceed some quota

Q.

We discuss the computational complexity and the approximability of
these problem versions. In particular, we show that Gould’s version
and the Big Bomb version admit pseudopolynomial time exact algo-
rithms and fully polynomial time approximation schemes. We also
present an iterative heuristic for the Quota version, and show that a
related problem is NP-complete.

2 - A Branch-and-Price Algorithm to Solve the Ship-to-
Shore Problem
Mette Wagenvoort, Krzysztof Postek, Paul Bouman, Tim
Lamballais Tessensohn, Martijn van Ee

After a hurricane, for example hurricane Irma at Sint-Maarten, the
navy can provide aid by bringing supplies, helping to clear roads and
evacuating victims. If the destinations cannot be reached over land
via a port, resources can be transported using smaller ships and heli-
copters, called connectors. This has to be done efficiently such that
the evacuation can start as soon as possible. Planning such an oper-
ation is known as the ship-to-shore problem, which is a combination
of a heterogeneous vehicle routing and a bin-packing problem. The
aim is to schedule the connector trips to the shore and determine what
resources should be loaded onto the connectors for each of their trips
while minimising the duration of the operation. Connectors have dif-
ferent sizes, weight capacities, speeds and (un)loading times. As the
connectors make multiple trips and can visit the same location multi-
ple times, a time-space network is used to model the problem. The size
of the network is partially determined by the number of time periods
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needed, which is set using a greedy heuristic. The usage of the time-
space network gives flexibility as it allows for increasing the number of
big decks and beaches, adding different routes between the locations,
and for replanning during an operation. Given a set of feasible load-
ings for the connectors, we solve the problem using a branch-and-price
algorithm and compare its performance to a greedy heuristic. We use
data provided by the Royal Netherlands Navy.

The Unit Re-balancing Problem
Robin Dee, Armin Fiigenschuh, George Kaimakamis

We describe the problem of re-balancing a number of units distributed
over a geographic area. Each unit consists of a number of compo-
nents (e.g., people, armor, or equipment). A value between O and 1
describes the current rating of each component. By a nonlinear func-
tion this value is converted into a nominal status assessment. This al-
lows a comparison of different components of all units. The lowest of
the statuses determines the efficiency of a unit, and the highest status
its cost. An unbalanced unit has a gap between these two. When too
many units are unbalanced, the entire system is costly and inefficient.
To re-balance the units, components can be transferred. The goal is to
have all units equally well equipped at the lowest possible cost. On a
secondary level, the cost for the re-balancing should also be minimal.
We present a mixed-integer nonlinear programming formulation for
this problem, which describes the potential movement of components
as a multi-commodity flow. Nonlinear constraints are needed to obtain
the lowest and the highest status. Since we assume that these functions
are piecewise linear, we reformulate them using inequalities and binary
variables. This results in a mixed-integer linear program, and numer-
ical standard solvers are able to compute proven optimal solutions for
instances with up to 100 units. We present numerical solutions for a
set of test instances and a bi-criteria objective function, and discuss the
trade-off between cost and efficiency.

To Profile or Not to Profile?
Yael Deutsch, Arieh Gavious

Developing effective inspection processes at border crossings in order
to identify violators within large groups of mostly innocent people is
an important and difficult task. Passenger profiling is a tool used to
deal with this task, but it raises many public concerns and ongoing de-
bates about its usefulness. In this paper, we study whether profiling
is helpful, and how it should be used to maximize its effectiveness.
We consider several defender-attacker game models that take place at
a crowded border crossing, where passengers are divided into different
groups. The defender decides on an inspection policy regarding the
groups of passengers. The attacker decides whether to recruit a single
passenger as a violator. The recruited passenger has a private motiva-
tion for violating that dictates his/her final action. Analysis of the equi-
librium solutions identifies conditions that determine which inspection
policy is better in terms of social utility and the players’ payoffs.
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Fickle affiliations: The impact of social network change
on player behavior in online games

Catalina Stefanescu-Cuntze, Vlada Pleshcheva, Francis de
Véricourt

Does the affiliation with online social entities impact players’ behav-
ior in online games in a freemium model? Many online games offer
in-game social structures in an attempt to foster game engagement and
ultimately convert the players to the premium features. In this paper,
we study how the characteristics (such as intensity, duration, and fre-
quency) of players’ affiliation to in-game social structures impact the
player’s behavior, in particular their propensity to compete and to pur-
chase premium game features. We analyze a large-scale dataset on
user behavior in online games, where users are part of formal online
structured communities, and their engagement with the game is medi-
ated by their overall community experience. We investigate the psy-
chological factors that influence a player to join such a community, as
well as those that may make them to churn and switch to other on-
line communities (such as novelty or status seeking). We then explore
if community membership and relative community status performance
influence player behavior as evidenced through purchase intensity. We
estimate structural models where the users willingness to pay for ad-
vanced features of the game is a function of engagement with the game
and loyalty to the in-game social structures. We find that "switchers"
(players who sequentially change club memberships rather than stay-
ing loyal to one single club) have higher purchase likelihood and higher
engagement with advanced game features.

Efficient algorithm for scheduling of periodic messages
in large networks
Marek VIk, Zdenek Hanzalek, Katerina Brejchova

This paper shows an application of operations research methods in the
area of time-deterministic communication protocols. Thanks to the
IEEE Time-Sensitive Networking task group, the real-time and safety-
critical demands in various cyber-physical systems can be based on the
Ethernet today. Namely, deterministic nature and timeliness guaran-
tees can be achieved by time-triggered communication schedules en-
abled by the IEEE 802.1Qbv standard. However, generating such a
schedule is a computationally challenging task due to several harsh
constraints that must be satisfied. In particular, since switches contain
queues, the frame isolation must be enforced such that one frame can
only be enqueued after the other frame is dispatched from the queue.
This constraint makes the problem akin partly to the job-shop prob-
lem with blocking operations and partly to job-shops with unit capac-
ity buffers. This scheduling problem is usually transformed into some
existing formalism, e.g., SMT, and solved using a general third-party
solver, which has the drawback of limited scalability. We developed an
efficient algorithm that does not use any third-party solver and is based
on the search in the space of partial schedules while being guided by
the discovered conflicts. Our algorithm synthesizes schedules for prob-
lem instances consisting of 2000 network nodes and more than 10000
flows. This work was funded by the EU Structural funds and MSMT
project Cluster 4.0 CZ.02.1.01/0.0/0.0/16_026/0008432.

Digital Transformation of Tourism SMEs in Greece
Christos Ziakis, Maro Vlachopoulou

Tourism is one of the most prominent industries in Greece amassing
more than 1.5 billion tourists during 2019. For Greece, tourism is piv-
otal in propelling the Greek economy as it reflects almost 20% of the
gross domestic product. Greek tourism faces a big challenge regarding
its digital reform as Greece is ranked towards the bottom amongst Eu-
ropean countries and their digital readiness for business. This article
initially conducted a literature review around technologies employed
by tourism businesses; it focused on digital marketing as well as on
emerging technologies such as IoT, AR, Al, Big Data, Blockchain and
Cloud Computing. It then presented primary research findings around
small and medium-sized hotels. Research focused on the current dig-
ital state of businesses as well as their views regarding both the bene-
fits and the challenges around digital technologies. Findings indicated
that very few businesses had a complete plan for digital transforma-
tion; with regards to emerging technologies, even fewer businesses
used these, whilst only some planned to invest in them in the coming
year. Furthermore, the biggest benefit from using such technologies
was identified around higher rates of customer satisfaction; in line with
this, the complexity of the digital reform process was highlighted as the
most prominent reason why businesses had not advanced towards this.
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OptaPlanner - an enterprise open source constraint
solver for VRP, shift rostering, etc
Geoffrey De Smet

OptaPlanner is an open source constraint solver used around to globe
to generate schedules that impacts millions of people’s lives for the
better, every day. It’s well known in the programming world, but far
less in the academic world.

In this session, I'll explain and demonstrate how to implement con-
straints in OptaPlanner and show how it scales on various use cases,
such as the Vehicle Routing Problem, Shift Rostering and School
Timetabling.
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Designing the Biomass Supply Chain for Biorefinery Lo-
cation Problem Using Stochastic Optimization

Aitor Ballano Biurrun, Adrian Serrano, Javier Faulin, Luis
Cadarso

Nowadays, biofuels are evolving as renewable and sustainable energy
sources, especially on developed countries, due to the neutral CO2
emissions within their complete cycle. Regarding this topic, a biorefin-
ery, is considered to be sited in Northern Spain. The problem considers
uncertainty in biomass prices and availability therefore, a stochastic
optimization approach is needed to reduce the project risks. The op-
timization is represented as a three-stage scenario tree, composed of
strategic and tactical nodes. The former refers to location of the biore-
finery, while the latter refers to the rent of different warehouses. Addi-
tionally, operational nodes are rooted to the strategic and tactical nodes
forming different two-stage operational scenario trees. In these oper-
ational nodes, decisions related to the biomass acquisition are made.
Meaningful insights are obtained from the application of stochastic op-
timization at all levels: strategic (the facility location problem), tactical
(warehouses strategy) and operational (biomass purchases), highlight-
ing a superior performance than the deterministic equivalent model.

Decision-making in HHC: state-of-the art and integrated
model

Arne Delaet, Kris Braekers, Yves Molenbruch, Katrien
Ramaekers

Home health care (HHC) is an important component of the health care
industry and may be defined as care workers visiting patients follow-
ing predefined schedules in order to provide medical services in their
home. Maintaining a sustainable and effective health care system is
a major challenge as a result of two trends: limited resources (bud-
get restrictions and staff shortage) and a rise in demand. In response
to these trends and increasing competitive pressures, HHC providers
must discover new ways to decrease costs and enhance productivity by
optimizing the use of resources. For this reason, applying operations
research techniques in HHC is a promising research field.

In this context, a key opportunity for improvement is the integration
of decisions at different decision-making levels. More specifically, the

goal of this research is to develop innovative models and solution al-
gorithms that enable making better decisions on staffing levels by inte-
grating staff dimensioning, rostering, clustering, scheduling and rout-
ing decisions.

First, this talk will discuss the main findings of a literature review
on operations research models that integrate decisions at multiple
decision-making levels. Second, a first MIP model focussing on the
integration of the aforementioned decisions will be discussed.

Optimal management of defined contribution pension
funds under the effect of inflation, mortality and uncer-
tainty

loannis Baltas, Athanasios Yannacopoulos, Marek
Szczepanski, Gerhard-Wilhelm Weber, Lukasz Dopierala,
Krzysztof Kolodziejczyk

We study the problem of optimal management of defined contribution
pension funds, during the distribution phase, under the effect of in-
flation, mortality and model uncertainty. More precisely, we consider
a class of employees, who, at the time of retirement, enter a life as-
surance contract with the same insurance firm. The fund manager of
the firm collects the entry fees to a portfolio savings account and this
wealth is to be invested optimally in a Black-Scholes type financial
market. As such schemes usually last for many years, we extend our
framework, by: (i) augmenting the financial market with an inflation-
adjusted bond, and, (ii) taking into account mortality of the fund mem-
bers. Model uncertainty aspects are introduced as the fund manager
does not fully trust the model he/she faces. By resorting to robust
control and dynamic programming techniques, we provide: (a) closed-
form solutions for the case of the exponential utility function, (b) a
detailed study of the qualitative features of the problem at hand that
elucidates the effect of robustness and inflation on the optimal invest-
ment decisions.

An meta fuzzy functions integrated mixed vehicle
routing approach for coast guard patrol management
project in turkey

Fatma Carman Cevik, Ceren Tuncer Sakar

We study a patrol vehicle routing problem for the first time within a
maritime line security project in Turkey. By detecting the migration
movement in advance, it can be ensured that the Coast Guard Com-
mand follows an efficient patrol route and thus the detections of immi-
grants can be increased. Therefore, the problem requires efficient and
effective approaches. To provide this, we propose routing solutions
where points of interest can have different levels of criticality. We first
determine the demand points of the problem. For this, we cluster the
coordinates of immigrants detected between 2015-2019 with the K-
Means clustering algorithm. We take the cluster centers obtained as a
result of clustering as the demand points of the routing problem. To
determine the criticality levels of the demand points, we estimate the
expected number of immigrants for the points with Forecast Combina-
tion with Meta Fuzzy Functions (FC-MFFs). We use these forecasts as
the significance weights of the points. Then, we propose a MFFs based
approach and apply to a real life problem in the defense industry. Us-
ing five different pilot areas, we first solve the traditional mixed vehicle
routing model to minimize the overall distance. Next, we consider the
partial vehicle routing model. Thus, we obtain a effective patrol vehi-
cle route that provides maximum detection according to the expected
number of immigrants. The MFFs based approach is a contribution to
the integrated perspective literature.
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Generation of fixed plans from financial planning under
uncertainty
Matthias Amen

In modern financial planning it is possible to consider explicitly un-
certainty. This can be done by means of Monte Carlo-simulation tech-
niques. Given (empirical or artificial) distributions of parameters or
stochastic relations between inputs, throughputs and outputs of the pro-
duction process, we will get distributions for the final results, e.g. profit
or cashflow.

Therefore we are faced with two sequential problems:

(a) From the planning perspective we have to maximize the profit. In
case of a distribution of profit we should fix the decision variables in
way to maximize the expected value of profit with respect to some re-
strictions.

(b) Once we have fixed the decision variables, we have to work with a
non-stochastic plan due to requirements of jurisdiction. We are forced
to work with best possible assumptions (ISAE 3400.4). Furthermore,
it is easier to communicate - internally and externally. That means,
that we have to transform the result of (a) into a documented plan with
fixed values for parameters, throughputs, outputs and the final results.
Of course, even with fixed decision variables there is a variety of possi-
ble combinations of throughputs and outputs to get the communicated
final results. That means that we have to fix the throughputs and out-
puts with respect to their distribution.

In the presentation we will discuss the problem and focus on aspect

(b).

Assessing and improving accounting based company
valuation
Lukas Benjamin Heidbrink

The usefulness and predictive power of accounting data, especially
earnings and cash flow figures are of great interest for researchers and
investors alike. I test the Feltham-Ohlson model and its information
dynamics framework in terms of its predictive performance and com-
pare it to other established models. The empirical evaluation reveals a
significant number of non-stationary time series and cointegrating re-
lations within time series for each company. Although this has already
been discovered, proposed remedies do not provide satisfactory results
in many cases within the sample. I find that normalizing the data does
not lead to stationarity in most cases. Hence, inference drawn from
earlier studies utilizing data from US companies could be misleading
and not suitable for data from other companies and periods of time.
Therefore, I compare the predictive power using different settings and
remedies for non-stationarity as well as data in levels and normalized
data. The linear information system will be modified with other time
series and evaluated using different forecasting horizons. I present ben-
efits and shortcomings of the framework as well as univariate modeling
alternatives.

Investment Timing of CSR-Investments: A Structural
Estimation Model

Stefan Kupfer, Elmar Lukas, Sascha H. Moells, Vladlena
Prysyazhna

We study the relation of uncertainty and investment in corporate social
responsibility (CSR) measures under different corporate governance
regimes based on an analysis of the hazard rate of investment. Cor-
porate non-financial reporting on sustainability increased over the last
years and together with increasing pressure from corporate governance
as well as public interest may trigger investment even in the face of un-
certain sustainability trends. Companies may build up cash holdings to
time these projects and to mitigate external financing as well as retain
earnings to sustain projects. We use a dynamic investment model with
cash holdings as well as costly external funds to analyze the hazard
rate of investment and the effect of uncertainty in such a setting. Based

on a unique dataset of CSR reporting of 653 companies from 9 indus-
trialized countries in the time period from 2003 to 2017 supplemented
by corporate governance and financial data we calculate the maximum
likelihood estimates of the hazard to invest in CSR projects in practice.
The option value of waiting and the effect of uncertainty are analyzed
using a structural estimation of the option-based hazard. Our results
contribute to the understanding of why and how companies invest in
and report on CSR projects and the moderating role of corporate gov-
ernance.

Do Women on Corporate Boards Affect Firm Perfor-
mance? An International Empirical Study
Mengyang Ma, Sascha H. Moells, Vladlena Prysyazhna

Diversity gained an increased attention among academic scholars,
practitioners and regulatory bodies in the last decades with a particular
empbhasis given to female representation and its relevance for firm per-
formance. However, theoretical and empirical results are ambiguous
with primary attention being paid to the board of directors. In contrast
to much of prior research, we differentiate the analysis and investigate
the effect of female representation on management board, supervisory
board and board of directors on firm performance. Our study is based
on a sample of the biggest 100 publicly traded corporations of 15 in-
dustrialized countries covering the years 2010 and 2015, which results
in around 1500 observations per year. Data on female representation
and other corporate governance attributes are all hand-collected and
derived for both reference years based on the annual documents pub-
lished by the firms. By applying a quantile regression, we find that fe-
male representation on supervisory boards has a significant impact on
the volatility of market-based performance, suggesting that the charac-
teristic of risk-aversion predominantly attributed to females might be
advantageous at the supervisory level. In addition, we show that higher
female representation on supervisory bodies is primarily beneficial for
lower-performing firms. The absence of significant effects for manage-
ment boards in general might occur due to a low average fractions of
females on these corporate bodies.
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Time-space evolution of economic activities: a mean
field game model

Fausto Gozzi, Giorgio Fabbri, Davide Fiaschi, Daria Ghilli,
Cristiano Ricci, Giovanni Zanco

The goal of this talk is to present a review of recent models on the time
evolution of most important economic variables (e.g. labour and capi-
tal) across different locations, taking into account space heterogeneity.
In particular we focus on two recent works (partly in progress): - one
looking at the macro level where there is one planner which, in a spa-
tial Ramsey setting, maximizes utility across space with heterogeneous
productivity. - one looking at the micro level where the agents move
across space maximizing their own utility which also depend on the
position of the other agents.

Advertising, goodwill, and the Veblen effect
Régis Chenavaz, Amit Eynan

The increase of demand in price, an exception to the law of demand,
is known as the Veblen effect. In this work, we consider a profit max-
imizing monopoly which by means of advertising impacts the price-
demand relationship. We show that advertising and goodwill play an
important role in making the Veblen effect more prevalent than ex-
pected. By employing optimal control theory we capture the evolu-
tion of the variables over time which may exhibit the Veblen effect
where price and demand move in the same direction. Incorporating
this dynamics into firms’ decisions has a promising impact on long-
term profit. Consequently, it may even trigger a slew of studies on
product line extension, competition and pricing by allowing firms to
control their status.

Exchange of energy among prosumers under prices un-
certainty

Marta Castellini, Luca Di Corato, Michele Moretto, Sergio
Vergalli

Abstract Our paper provides a theoretical real options framework for
modeling prosumers’ investment decisions in photovoltaic plants in a
Smart Grid context, when exchange of energy among prosumers (ex-
change P2P) is possible . We focus on the optimal size of their photo-
voltaic plants and on the self-consumption profiles the prosumers must
comply with to assure the demand and supply matching in P2P ex-
change. The model was calibrated to the Northern Italy energy mar-
ket. We investigate the investment decision under different prosumers’
behaviors, taking into account all the possible combinations of their
energy demand and supply. Our findings show that the existence of the
exchange of energy among prosumers is not assured in all the cases we
have focused on, but depends on the shape and relationship between
the supply and demand curves of the two prosumers. The best situation
is when the two prosumers have an excess of supply and asymmetric
and perfectly complementary demand curves. Sub-optimal cases occur
when the exchange P2P and the sell to the national grid are exploited
advantageously. This scenario is profitable if there is efficient cooper-
ation between the two agents in exchange choices. Furthermore, pro-
sumers invest in the highest capacity when they are characterized by
different exchange P2P and self-consumption profiles, and they reach
the maximum gain from the investment in a context characterized by
excess supply in exchange P2P

4-

Predatory pricing and the value of corporate cash hold-
ings
Maria Lavratich, Jacco Thijssen

We analyze the interaction between firms’ payout policies and their
decisions in product markets in a continuous-time stochastic game be-
tween two firms. One firm is financially constrained, whereas the other
is not. Contrary to the standard literature we allow firms to choose both
production and payout strategies, and focus on the effect of predation
incentives on both. We find that predation induces fewer dividend pay-
outs. Furthermore, the liquidity position of the constrained firm has
an economically significant effect on the production choices of both
firms and, thereby, on the evolution of profits, cash holdings and stock
returns.
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A novel acceleration procedure for the assembly flow
shop scheduling problem

Victor Fernandez-Viagas, Carla Talens Fayos, Jose M
Framinan

In this paper, we address the assembly flow shop scheduling problem
to minimize the makespan. In this problem, each component of a job
is first processed in a phase composed of several dedicated machines,
and then the job is assembled in a second phase that can be modelled as
a flow shop with several machines. This problem is a generalization of
the two- and three-stage assembly scheduling problems. For this prob-
lem, we propose an acceleration procedure based on several properties
of the problem. This procedure is incorporated into novel constructive
heuristics, which are compared against the most promising heuristics
of the related literature. The results show the excellent performance of
the proposals.

Online sequencing of buffers for automotive assembly
lines
Malte Liibben, Celso Gustavo Stall Sikora, Sven Pries

Mixed-model assembly lines are widely used in the automobile in-
dustry. Manufacturers face the challenge to produce a huge number
of models while using the relatively inflexible but efficient production
form of an assembly line.

In this work, we consider the usage of a buffer (in form of an auto-
mated storage and retrieval system) in a paced assembly line between
the paint shop and the final assembly (FA) to resequence the orders.
The altered sequence can be restored by another buffer downstream
the final assembly. We also consider a high number of variants, which
is why the properties of the product that enters the first buffer cannot
be foreseen. Following this, the selection, which of the products will
be passed to the FA, must be made without full information in an on-
line problem. To solve this problem, we apply different heuristics to a
simulative environment and focus upon a limited lookahead algorithm
with the aim to minimize the amount of utility work.
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3 - Multi-period crew scheduling for the regular round trips
in the road freight transportation
Aleksejs Lozkins, Mikhail Krasilnikov, Andrey Logachev,
Nkolay Rychkov

The problem of crew scheduling for the regular round trips consists
of finding the most efficient duty combination to cover all road freight
transportation activities for the defined period of time and satisfying
legal requirements. We consider the problem of minimum amount of
drivers serving a set of long-haul trips, where single trip is fulfilled
by the sequence of changing crews. Aggregation constraints, such as
one/two week work time and weekly rest requirements, make the crew
scheduling problem more sophisticated due to several weeks planning
horizon. We present a set partitioning and a network flow models for
the crew scheduling on the regular long-haul trips to solve instances
optimally and to improve solutions of real-world instances. In addi-
tion, we apply different valid inequalities to network flow model and
perform computational tests to evaluate their influence on the compu-
tational time. Furthermore, we present computation instances imple-
mented according to legal requirements for long-distance haulage in
the Russian Federation. Also we study the single or team driving and
the schedule periodicity impacts on the final schedule cost.

4 - The two-stage assembly scheduling problem with peri-
odic maintenance: New approximate methods
Carla Talens Fayos, Victor Fernandez-Viagas, Paz Perez
Gonzalez

In this study, we analyse the two-stage assembly scheduling problem,
where there are m dedicated parallel machines in the first stage and one
assembly machine in the second stage, with periodic maintenance and
the objective of minimising makespan. In this problem, the schedul-
ing horizon is composed of periods where the machines are available
followed by other periods where no operation can be performed. Sev-
eral heuristics proposed to solve related problems have been adapted
to the problem under study and compared by carrying out a computa-
tional evaluation. Additionally, we propose two new heuristics and a
composite local search mechanism to solve the problem. The compu-
tational results show the efficiency of the proposed heuristics.
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1- A bi-objective K-nearest neighbors based imputation
method for data with multilevel structures
Maximiliano Cubillos, Sanne Wghlk

In this paper, we propose a bi-objective algorithm based on the k-
Nearest Neighbors method to perform imputation of missing values
for data with multilevel structures with continuous variables. We de-
fine the imputation method as a bi-objective minimization problem and
propose a solution algorithm based on a weighted objective function.
The algorithm seeks imputed values that balance the dissimilarity be-
tween the k-Nearest Neighbors and the observations within the same
cluster. The effectiveness of the proposed method is based on a simula-
tion study and results are compared with eight benchmark imputation
methods. The simulation study is based on the generation of datasets
with a varying-intercept multilevel model and results are compared
both by using well-known accuracy metrics and estimating the bias
of the estimates after inference is performed. Based on the simulation,
the effect of different configurations of multilevel datasets are tested,
including: the number of clusters, the size of the clusters, the similarity
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of the clusters (based on intraclass correlation), the percentage of miss-
ing values, and the effect of imbalanced clusters. Results show that the
proposed method can outperform the benchmark methods, especially
in cases with high intraclass correlation, with an average decrease of
the imputation error of 10.2%.

2 - Properties of Inverse Correspondence Analysis
Rick Willemsen, Wilco van den Heuvel

Correspondence analysis (CA) is a dimension reduction technique for
categorical data in a two-way contingency matrix. The aim is to opti-
mally depict the relationship between categories for both variables in
a low-dimensional representation. We investigate inverse correspon-
dence analysis (ICA), which uses the low-dimensional CA solution to
retrieve the original data matrix. Retrieving the original data can be
of interest when the original data is not available. In some cases re-
searchers are not allowed to share the original data set if it contains sen-
sitive information. Assuming that the original data set can be retrieved
using ICA, researchers should be careful with disclosing published CA
results. In previous empirical research the retrieved ICA solution al-
ways corresponds to the original data matrix. This is an unexpected
result, because CA is a dimension reduction technique. Our contri-
bution is twofold. First, we derive theoretically that ICA solutions
are not always unique. We introduce matrices with a specific singular
value structure for which the ICA problem has more than one solution.
Secondly, an integer programming formulation is given to solve the
ICA problem. We observe that not all constraints are needed to solve
the model and propose a method that temporarily removes constraints.
On basis of computational results we show that this method can solve
larger instances compared to previous work, while still retrieving the
original data.

3 - SOS-SDP: an Exact Solver for Minimum Sum-of-

Squares Clustering
Veronica Piccialli, Antonio Maria Sudoso, Angelika Wiegele

The minimum sum-of-squares clustering problem (MSSC) consists of
partitioning $n$ observations into $k$ clusters to minimize the sum
of squared distances from the points to the centroid of their cluster. In
this work, we propose an exact algorithm for the MSSC problem based
on the branch-and-bound technique. The lower bound is computed by
using a cutting-plane procedure where valid inequalities are iteratively
added to the Peng-Wei SDP relaxation. The upper bound is computed
with the constrained version of k-means where the initial centroids are
extracted from the solution of the SDP relaxation. In the branch-and-
bound procedure, we incorporate instance-level must-link and cannot-
link constraints to express knowledge about which instances should or
should not be grouped together. We manage to reduce the size of the
problem at each level preserving the structure of the SDP problem it-
self. The obtained results show that the approach allows to successfully
solve real-world instances up to 4000 data points for the first time.
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1 - Estimation of the retail chain customer base
Ondrej Sokol, Vladimir Holy

We focus on the basic retail store issue — estimation of the customer
base composition. While it is common to monitor every individual
transactions, it is not always possible to link such transaction to a spe-
cific customer. This is only possible if the customer identifies during
the transaction, for example with a loyalty card. Therefore, two differ-
ent datasets are available — one containing transactions of customers
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with a loyalty card and second containing the transactions made by
non-identified customers. The aim of the proposed method is to esti-
mate how many unique customers without loyalty cards visit the retail
store during a given period and what is their composition. The pro-
posed method consists of two phases. First, the archetypes of customer
behavior with a loyalty card are identified. Second, the distribution of
customer archetypes on the transaction dataset of non-identified cus-
tomers is estimated by maximizing the likelihood. Compared to the
naive method, which assumes the same distribution of archetypes in
both groups, the results are superior.

2 - A Dynamic Model for Price Clustering
Vladimir Holy, Petra Tomanova, Michal Cerny

Stocks on NYSE and NASDAQ exchanges are traded with precision to
one cent. Interestingly, prices ending with 0 or 5 occur much more of-
ten. In the financial literature, this phenomenon is known as price clus-
tering and is observed across various financial instruments and mar-
kets. In the literature, however, it is rarely incorporated into price mod-
els. We assume that there are several types of agents trading only in
specific multiples of the tick size resulting in an increased occurrence
of these multiples in prices. To capture this behaviour, we propose a
parametric model for discrete prices. The model is based on a mixture
of double Poisson distributions with dynamic volatility and dynamic
proportions of agent types. Parameters of the model are estimated by
the maximum likelihood method. We illustrate the use of the model in
an empirical study of DJIA stocks.

m MD-05

Monday, 14:30-16:00 - Building A, Room A105
AHP/ANP Applications

Stream: AHP/ANP
Invited session
Chair: Rocio Poveda-Bautista

1 - ANP analysis of scientific impact of research collabora-
tion processes through biomedical research networks
Rocio Poveda-Bautista, Hannia Gonzdlez-Urango, Pablo
D’Este Cukierman, Oscar Llopis Corcoles, Adrian Arias
Diaz-Faes

This paper aims to investigate how scientific research networks oper-
ate to deliver both scientific discoveries and applicable results. For it
a biomedical research group within the biomedical research network-
ing centers in Spain (CIBER network) is analyzed. We propose the
use of The Analytic Network Process (ANP) to model this research
group, and its interaction processes with relevant and divers actors,
as a research network. These interaction processes will be grouped
in components corresponding to distinct research phases from basic
to clinical research stages. ANP will be used to analyze the influ-
ences that exist between these processes of interaction within and be-
tween each research phase considered in the study. This will allow
complementarities to be identified between interaction processes that
foster cohesion among network participants. This influence analysis
will identify the mechanisms of scientific collaboration that contribute
to greater network cohesion, and how much they should be encour-
aged to coordinate actor diversity in research networks. The network
elements will be derived from interviews with researchers and stake-
holders based on the research phases. These interviews will provide
information on the interaction processes that respondents identified as
relevant for strengthening cohesion in translational research collabora-
tions. The participation of experts with various expertise in biomedical
research is crucial for all stages of the ANP method

2 - A Delphi-ANP method for identifying potentially next
Carbon Neutral Districts
Tomds Gémez-Navarro, David Ribé-Pérez, Isabel
Aparisi-Cerdd, Monica Garcia-Melon

A method is proposed to assist in the selection of the districts with the
greatest potential to become the city’s first carbon neutral districts. The
aim is for cities to contribute to the EU Green New Deal, the commis-
sioner of the work is the city council of Valencia, but the method can be
adapted to any city. The method is based on a combination of literature
search, the Analytic Network Process (ANP) and the Delphi method.
Several potential candidate districts have been selected for various rea-
sons that are discussed. The main selection criteria have been identified
and organised into clusters, and the Delphi technique has been used to
prepare the application the ANP to this decision problem. The results
show an initial list of 35 criteria in 5 clusters: Technical, Social, Eco-
nomic, Environmental and Urban. With the work of decision-makers
using the Delphi technique, the list was prioritised and the 14 most
important criteria were selected, those that added 80% of the weight.
Then, applying ANP, the criteria were re-prioritised, taking advantage
of the previous Delphi work, and the district alternatives were ranked.
The method is not only an aid to decision making for policy makers,
but also helps to better understanding of the complexity of the prob-
lem and better communicating the objectives, advantages and disad-
vantages of these ambitious city projects.

3 - Adapting RRI Public Engagement indicators to the
Spanish scientific and innovation context. A participa-
tory methodology based on AHP and Content Analysis
Monica Garcia-Melon, Amparo Baviera-Puig

The paradigm proposed by Responsible Research and Innovation in
the European Commission policy discourse identifies Public Engage-
ment as a key area for exchange and dialogue among multiple actors
following an inclusive and participatory process. Two definite set of
indicators have already arisen at European level to monitor Public En-
gagement activities in the Science and Technology realm. Our study
aims to propose a deliberative participatory process, which involves se-
lected stakeholders, for the adaptation of the European indicators to the
specific Spanish scientific and innovation context. The methodological
procedure is of exploratory nature and will be based in a combination
of, on the one hand qualitative content analysis techniques for the in-
depth study of the deliberative process and the generation of indicators;
and, on the other hand, a multicriteria decision analysis technique such
as the Analytic Hierarchy Process for the prioritization of the indica-
tors. The discussion will focus on the procedure to articulate stake-
holders’ values and use them as the basis for creating a context-based
improved list of indicators. Two types of research questions arise: (i)
Is the proposed methodology adequate for the adaptation of the Euro-
pean indicators to the Spanish context? (ii) What are the main indica-
tors to monitor and to expand reflection on the public engagement in
the Spanish science and innovation?
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1 - Optimization models for an assort-and-cut problem in
glass manufacturing with defective raw material
Fabrizio Marinelli, Claudio Arbib, Mustata Pinar, Andrea
Pizzuti

In this study, we move from the necessity of optimizing the production
process of a relevant manufacturing company making glass products
for the automotive market. Finite products are obtained through three
phases that start from cooled down melted glass, divided into large
sheets, and further cut into small items. Finally, such items are bent
and refinished to get the finite goods. Optimization focuses on the as-
sortment of large glass sheets and the selection of cutting patterns: the
number of different large sizes employed is limited to control setups
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and warehouse holding costs, while cutting operations are performed
to minimize the resulting waste. Still, some areas of the glass sheets
can occasionally be corrupted by the presence of defects, becoming
unusable for finite good production. Two mathematical programming
formulations, taking into account the stochasticity of defect existence,
are proposed: a robust formulation based on appropriate Bertsimas-
Sim uncertainty set, and a bi-level optimization model. Both models
can be reduced to a standard mixed-integer program, the former aim-
ing at the minimization of the overall wasted material generated by trim
and defect losses under assortment and demand constraints; the latter
pursuing the maximization of production yield under assortment and
material restrictions. Computational experiments were performed to
analyze the quality of the proposed models for the solution of realistic
instances.

Optimizing the Locations of JIT/JIS Supermarkets in Au-
tomotive Production Plants
Heinrich Kuhn, Marcel Lehmann, Mareike Mueller

The current trend towards an increased number of models and variants
in the automotive industry leads to a rising logistical effort to supply
the mixed model assembly lines daily. Therefore, so called supermar-
kets are installed to feed the assembly areas by using different JIT ap-
plications. Parts and subassemblies must be assigned to these areas
located inside and outside of the manufacturing plant. We provide a de-
scription of the supermarket concept in a single- and especially multi-
line automotive manufacturing plants and the related location planning
problem.

The problem is formulated as Mixed Integer Linear Program (MILP)
and solved by a standard solver. The applicability is shown in a
case study based on a real-world data set provided by a German pre-
mium car manufacturer. We show the benefits of the mathematical
planning approach for supermarket allocation including managerial in-
sights generated throughout the execution of the case study. The model
provided generates two figure percentage cost savings compared to the
manually created solution applied at the car company.

Benders decomposition for the balancing of assembly
lines with collaborative robots
Celso Gustavo Stall Sikora, Christian Weckenborg

Even with the automatization of several processes in manufacturing,
assembly lines still strongly rely on human workers. The operation
of assembly lines requires adaptability and flexibility, which is not yet
achieved by large and heavy industrial robots. A newer generation of
lighter robots with advanced sensors and cameras has the potential to
work alongside humans in a collaborative environment. The "cobots"
can be used to perform tasks sharing human workstations or even coop-
erate in the same task. The assembly line balancing problem consists
of assigning the process tasks to multiple workstations, with the objec-
tive of equalizing the workload. We present an exact method based on
Benders decomposition that solves the problem also considering the
possible use of cobots. Multiple decomposition structures are tested
along with a local search enhancement to accelerate the algorithm.

A polyhedral approach to some max-min problems
Thomas Lidbetter

‘We consider a max-min variation of the classical problem of maximiz-
ing a linear function over the base of a polymatroid. In our problem
we assume that the vector of coefficients of the linear function is not a
known parameter of the problem but is some vertex of a simplex, and
we maximize the linear function in the worst case. Equivalently, we
view the problem as a zero-sum game between a maximizing player
whose mixed strategy set is the base of the polymatroid and a mini-
mizing player whose mixed strategy set is a simplex. We show how
to efficiently obtain optimal strategies for both players and an expres-
sion for the value of the game. Furthermore, we give a characterization
of the set of optimal strategies for Player 2. We discuss the implica-
tions of our results for problems in search theory, sequential testing
and queuing.
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i-

The effect of disaggregating summary statistics in Web-
Delphi processes: results from a real-world Delphi ex-
periment

Liliana Freitas, Ana Vieira, Monica Oliveira, Carlos Bana e
Costa

Delphi processes are participatory processes often used to collect ex-
perts and stakeholders views to inform operational research modelling.
Delphi’s controlled feedback feature allows individual participants to
get acquainted with (eventual) new knowledge and, in sequence, revise
their opinions, engaging in a knowledge construction process. Nev-
ertheless, several studies show unexpectedly limited opinion changes
occurring due to belief perseverance bias. Such bias can be avoided
by recognizing expertise in the people one is interacting with, which
is hindered by the aggregation of results in a Delphi environment. A
real-world Delphi was conducted with different stakeholders within the
scope of Health Technology Assessment to explore the effect of feed-
ing back the distribution of the answers disaggregated per groups of
stakeholders on the dropout rate and opinion change. For that, as Del-
phi’s feedback, participants were randomly allocated to see the global
distribution of the answers and comments, or that information plus the
distribution of answers per group of stakeholders. Results showed that
the experiment did not affect the dropout rate. No statistically signif-
icant difference between conditions was either found concerning the
opinion change. Participants commenting on the disaggregation of an-
swers considered it interesting and useful for informing their opinion.
These results can impact the choice of feedback formats in future Del-
phi processes.

Comparison of three multicriteria decision support
methods in environmental portfolio selection

Jyri Mustajoki, Mika Marttunen, Arto Haara, Turo Hjerppe,
Mikko Kurttila, Juuso Liesio, Heli Saarikoski, Anne Tolvanen

Environmental management problems are often portfolio problems
with an aim to select a set of actions that meet different objectives
(e.g., the reduction of greenhouse gas emissions) and constraints (e.g.,
costs). We report experiences from applying three multicriteria de-
cision support methods - Multi-Attribute Value Theory (MAVT), the
project portfolio selection tool Your Own Decision Aid (YODA) and
Robust Portfolio Modelling (RPM) - in a real environmental portfolio
case. The case was an evaluation of three peatland rewetting options
(restoration, damming, no action) for 79 drained peatland stands in an
important recreational and nature conservation area in southern Fin-
land. We evaluated the pros and cons of the three methods, as well as
their key methodological challenges. Each method has its strengths:
MAVT is able to highlight the strengths and weakness of rewetting
options for a single peatland stand, YODA is simple and possible to
use independently via the Internet, and RPM can determine the pri-
ority of peatland stands within constraints even without precise prefer-
ence information. The methodological competency of the participating
stakeholders is a key aspect in the choice of methods. We discuss the
amount of facilitation needed to reduce the behavioral biases of partic-
ipants using the methods.

The effects of communication modality and situational
complexity on strategic decision-making
Stephen Donnel, William Caballero, Brian Lunday
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This research examines the degree to which communication modality
and situational complexity affect an individual’s ability to identify an
effective strategy in a competitive environment. Human subject testing
herein consists of benign, benevolent intervention wherein participants
are presented a series of strategic situations corresponding to two-
player, normal-form games with complete information. Dual channel
theory directly informs our experimental design; it specifies both the
manner in which humans process information and the existence of ca-
pacity limits fir these cognitive mechanisms. Through a computerized
test instrument, participants attempt to determine the best response in
dominance-solvable, normal-form games of sizes 2x2 through 5x5.
Each game structure is presented via three different communication
modalities: audio-only, visual-only, and audio-and-visual. Categorical
data analysis techniques applied to raw response data determine the as-
sociation between actions and communication modalities. We leverage
the Cognitive Hierarchy model to characterize changes in the popula-
tion’s average level of strategic thought over varying communication
modalities and situational complexities. Analysis shows that the in-
clusion of visual communication resulted in statistically significantly
differences in participant responses and an increased level of strategic
thought relative to audio-only communication, whereas the effects of
situational complexity were more nuanced.

4 - Empirical evidence on the effectiveness of "giving one-
self a nudge": The relative benefits of pursuing decision
opportunities and solving decision problems
Johannes Siebert, Christian Hannes

Thaler and Sunstein presented a concept of how individuals can be
"nudged" to make better decisions without restricting their freedom of
choice.. A decision architect is essential for applying the concept of
nudging. However, in many decision situations, there is no decision
architect available or the decision makers do not want a decision ar-
chitect, perhaps because it is a very private or confidential decision
situation. Therefore, in his 2020 book Give Yourself a Nudge, Keeney
extended the concept of nudging to decision situations in which there
is no decision architect to nudge the decision-maker. The core idea
is to empower decision makers to become their own decision archi-
tects. He provided several suggestions on how individuals can nudge
themselves. Two important nudges are to create decision opportunities
proactively and to convert decision problems into decision opportuni-
ties. These nudges are based on the assumption that decision makers
are happier pursuing decision opportunities than solving decision prob-
lems. We conducted three studies with 731 participants to test this as-
sumption. We gathered comprehensive empirical evidence suggesting
that individuals facing decision opportunities are more satisfied in their
decision situations throughout the decision-making process than indi-
viduals facing decision problems. Furthermore, our empirical findings
provide the first insights about how decision makers address decision
situations and their life satisfaction.
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1- An Adjustable Robust Optimization Approach for the
Expansion Planning of a Virtual Power Plant
Ana Baringo, Luis Baringo, José Manuel Arroyo
A novel approach based on adjustable robust optimization for the in-
vestment planning of a virtual power plant that participates in the en-

ergy electricity market is proposed. The virtual power plant com-
prises conventional, renewable, and storage units, as well as flexible

demands. Investment decisions on conventional, renewable, and stor-
age units are made under the uncertainty related to future production
costs of the conventional generating units, future consumption of the
flexible demands, and future energy market prices. As a major com-
plicating aspect, the nonconvex operation of both conventional gener-
ating and storage units is precisely accounted for. The resulting model
is formulated as a trilevel program with lower-level binary variables
that is solved using a nested column-and-constraint generation algo-
rithm. Results from a case study show the effective performance of the
proposed approach.

Risk aversion in multilevel electricity market models
with different congestion pricing regimes

Adriaan Hendrik van der Weijde, Mirjam Ambrosius, Jonas
Egerer, Veronika Grimm

Due to ongoing efforts for decarbonization, electricity markets world-
wide are undergoing fundamental transitions, which result in increased
uncertainty for all market participants. Against this background, we
investigate the impact of risk aversion on investment and market oper-
ation in markets with different congestion pricing regimes and multi-
level decision making. We develop a stochastic multi-level equilibrium
model with risk-averse agents, which includes investment in transmis-
sion and generation capacity, market operation, and redispatch. The
model can incorporate perfect, as well as imperfect locational price
signals and different upper-level expectations about lower-level risk
aversion. We apply our model to a stylized two-node example and
compare the effects of risk aversion in a system with zonal and nodal
pricing, respectively. Our results show that the effect of risk aversion is
more pronounced in a market with nodal pricing, compared to a mar-
ket with imperfect locational price signals. Furthermore, transmission
planners that are ignorant about risk aversion of generation companies
can induce substantial additional costs, especially in a nodal pricing
market.

Energy storage investments in view of risk aversion
Stefanos Delikaraoglou, Sonja Wogrin, Audun Botterud

The appeal for higher shares of renewable energy sources in the power
system brings new technical and economic challenges to the system
operators and the market participants. To address those challenges,
new technologies, such as energy storage systems (ESS), are needed
in order to cope with the variable and partly predictable nature of re-
newables’ production. In this operational framework, it is imperative
to consider the establishment of new market mechanisms that enhance
the economic viability of those assets and mitigate the risk for the in-
vestors.

In particular, as we move towards a power system dominated by vari-
able and stochastic renewables, electricity prices tend to become more
volatile and harder to predict. In this market environment, the ESS in-
vestors need new hedging mechanisms that allow them to secure the
cost recovery of their new investments. To this end, we propose a
new methodological framework that allows us to investigate the im-
pact of different risk aversion levels on the ESS investment decisions,
considering also the recently introduced risk hedging mechanism of fi-
nancial storage rights. The proposed framework is formulated using
stochastic bi-level optimization, which allows to model endogenously
the impact of investment decisions on the electricity market prices and
subsequently on the investments’ profitability.

Managing Risks Faced by Strategic Battery Storage in
Joint Energy-Reserve Markets
Hrvoje Pandzic, Kenneth Bruninx, Kristina Pandzic

Securing profits from energy, reserve capacity and balancing markets
is critical to ensure the profitability of battery energy systems (BES).
However, the intimate connection between offers on these trading
floors combined with the limited energy storage capacity of BES ren-
ders its scheduling very complex. This talk will present a bilevel opti-
mization problem for strategic participation of a BES in the day-ahead
energy-reserve and balancing markets, improving the state-of-the-art
by (i) considering the conditional-value-at-risk; (ii) ensuring the real-
time feasibility of the obtained day-ahead schedule; (iii) addressing
the operational underperformance risk stemming from inaccurate bat-
tery modeling. In a case study, we illustrate how the proposed model
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allows risk-averse BES owners to hedge their day-ahead position with-
out jeopardizing their expected profit, while ensuring the feasibility of
their day-ahead schedule.
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1-

Stochastic Three Points Method For Unconstrained
Smooth Minimization
El Houcine Bergou

In this work, we consider the unconstrained minimization problem of
a smooth function in a setting where only function evaluations are pos-
sible. We design a novel randomized derivative-free algorithm—the
stochastic three points (STP) method—and analyze its iteration com-
plexity. At each iteration, STP generates a random search direction
according to a certain fixed probability law. Our assumptions on this
law are very mild: roughly speaking, all laws which do not concentrate
all measure on any halfspace passing through the origin will work. Al-
though, our approach is designed to not explicitly use derivatives, it
covers some first order methods. For instance, if the probability law
is chosen to be the Dirac distribution concentrated on the sign of the
gradient, then STP recovers the Signed Gradient Descent method. If
the probability law is the uniform distribution on the coordinates of
the gradient, then STP recovers the Randomized Coordinate Descent
Method. The complexity of STP depends on the probability law via
a simple characteristic closely related to the cosine measure which is
used in the analysis of deterministic direct search (DDS) methods. Un-
like in DDS, where $O(n)$ ($n$ is the dimension of the problem) func-
tion evaluations must be performed in each iteration in the worst case,
our method only requires two new function evaluations per iteration.
Consequently, while the complexity of DDS depends quadratically on
$n$, our method depends linearly on $n$.

Zero Order Stochastic Weakly Convex Optimization
Vyacheslav Kungurtsev, Francesco Rinaldi

We consider stochastic weakly convex composite problems, however
without the existence of a stochastic subgradient oracle. We present a
derivative free algorithm that uses a two point approximation for com-
puting a gradient estimate of the smoothed function. The method is
guaranteed to be convergent at a similar rate as state of the art meth-
ods, however with a larger constant. We report some numerical results
showing the effectiveness of the approach.

A Nonmonotone Line Search Method with Finite-
difference Gradient Approximations
Geovani Grapiglia

This talk describes a derivative-free method for unconstrained mini-
mization of nonconvex smooth functions. Gradients are approximated
by finite differences. The accuracy of the gradient approximations and
the stepsizes that define the iterates are simultaneously adjusted using
a general nonmonotone line search condition. For objective functions
with Lipschitz continuous gradients, worst-case complexity bounds
and global convergence results are presented. Preliminary numerical
results are also reported.
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Expensive black-box optimization in process systems
engineering

Antonio del Rio Chanona, Damien van de Berg, Thomas
Savage, Panagiotis Petsagkourakis, Dongda Zhang, Nilay
Shah

Most optimization problems in engineering can be formulated as ex-
pensive black box problems whose solutions are limited by the number
of function evaluations. Frequently, engineers develop models that are
differentiable or cheap to evaluate (or both) and resemble reality, so
that they can be solved efficiently, and the solution can then be trans-
ferred to the real system. In the absence of gradient information or
cheap-to-evaluate models one must resort to efficient optimization rou-
tines that rely only on function evaluations, creating a model can be
itself considered part of the expensive black box optimization process.
In this work, we investigate how different derivative-free optimization
(DFO) algorithms can address different instances of problems in pro-
cess engineering. In the algorithms side, we benchmark both model-
based and direct-search DFO algorithms, which operate under different
philosophies. On the problems side, the comparisons are made on two
mathematical optimization problems and four chemical engineering
applications: model-based design of experiments, flowsheet optimiza-
tion, real-time optimization, and controller tuning. Various challenges
are considered including constraint satisfaction, uncertainty, problem
dimension, evaluation cost, etc. This work provides insights into the
efficiency of data-driven solutions of optimization problems in the pro-
cess systems domain in an effort to advance the digitalization of the
chemical and process industries.

Uncertainty measures and hierarchical acquisition
functions for tree-based black-box optimization
Alexander Thebelt, Robert M. Lee, Nathan Sudermann-Merx,
David Walz, Ruth Misener

Our recent work uses tree-based models, e.g., gradient-boosted trees,
for black-box optimization. Tree models (i) give valuable informa-
tion regarding feature importance, (ii) scale well for large amounts of
data, (iii) are capable to handle various data types and (iv) have excel-
lent local and global prediction capabilities depending on the number
of trees and interaction depth used. Moreover, there are tight mixed-
integer linear problem encodings of tree ensembles for effective usage
as surrogate models inside Bayesian optimization loops. Oft-the-shelf
branch-and-bound solvers, e.g. Gurobi, can optimize these models to
global optimality when combined in a lower confidence bound acqui-
sition function and allow the integration of explicit input constraints.
This presentation extends existing approaches by proposing a discrete
uncertainty measure for search-space exploration that natively inte-
grates into tree-based models. Moreover, we present a hierarchical
acquisition function for usage in Bayesian optimization that explicitly
leverages deterministic global solvers to simplify hyperparameter tun-
ing. Finally, we evaluate tree-based models in a general multi-objective
Bayesian optimization setting and present results based on commonly
used benchmark problems.

A data-driven inverse optimization approach to learning
surrogate optimizers
Rishabh Gupta, Qi Zhang

Optimizing complex industrial systems in real-time settings is chal-
lenging since the optimization models for such systems are often large-
scale and nonlinear, which prohibits their solution in a reasonable time.
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A common strategy is to replace the original model with a surrogate
model of reduced computational complexity. In this work, we intro-
duce a data-driven inverse optimization (IO) approach for constructing
surrogate optimizers, which are surrogate models that are trained to
obtain (almost) the same optimal solutions as the original optimiza-
tion models. In contrast to traditional machine learning methods, 10
allows the incorporation of domain knowledge in the form of explicit
constraints and tends to be more data-efficient. Moreover, it allows the
resulting models to be inherently interpretable.

Our work assumes that a parameterized convex optimization model can
be trained to obtain optimal solutions that are similar to what the orig-
inal model generates. Here, the 10 problem is to determine the model
parameters that minimize the difference between the true optimal solu-
tions and the solutions obtained from solving the resulting learned op-
timization model. We formulate the problem as a bilevel program and
apply a penalty block coordinate descent method to solve the single-
level KKT-based reformulation of the 10 problem. We demonstrate
the effectiveness of our method using several case studies including a
nonlinear model predictive control example.

4 - Deterministic global optimization with surrogate mod-
els
Chryssa Kappatou, Dominik Bongartz, Jaromil Najman,
Susanne Sass, Artur M. Schweidtmann, Alexander Mitsos

Within the broader scope of digitalization of the (bio)chemical indus-
try, surrogate models are gaining increasing attention. Process opti-
mization for monitoring and control of industrial processes necessi-
tates models that are fast to evaluate. We present our work in this di-
rection both from the software and algorithmic development side. We
discuss our "Machine Learning Models for Optimization (MeLOn)"
toolbox that enables integration of data-driven models to optimization
problems. These problems are then solved in reduced space by our
deterministic global optimization software "McCormick-based Algo-
rithm for mixed-integer Nonlinear Global Optimization (MAINGO)".
Special emphasis is placed on theory and algorithm development for
deterministic global dynamic optimization for a specific class of sur-
rogate models, Hammerstein-Wiener models. We demonstrate advan-
tages of our approaches using illustrative examples from process sys-
tems engineering applications. These advantages stem from the partic-
ular combination of utilizing the problem structure, the reduced-space
formulation and the relaxation without auxiliary variables.
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1 - Robust management of systemic risks and food-water-
energy-environmental security in interacting natural
and anthropogenic systems
Tatiana Ermolieva, Petr Havlik, Yurii Ermoliev, Taher Kahil,
Elena Rovenskaya, Michael Obersteiner, Olena Borodina,
Vasyl Gorbachuk, Pavel Knopov, Oleksandr Bogdanov

In the presentation we discuss critical issues related to the design of
resilient and robust food, water, energy, environmental systems in the
presence of interdependent systemic risks. We introduce the notions of
systemic risks, security, resilience and robustness in FWEE systems.

We emphasize the need for the two-stage preventive-adaptive stochas-
tic optimization (STO) approaches enabling to design a robust portfo-
lio of precautionary strategic and operational adaptive decisions mak-
ing the interdependent systems flexible and robust with respect to risks
of all kinds. We establish a connection between the robust quantile-
based nonsmooth estimation problem in statistics and the two-stage
nonsmooth STO problem of robust strategic-adaptive decision mak-
ing. The coexistence of complementary strategic ex-ante and adap-
tive ex-post decisions induces systemic risk aversion in the form of
Value-at-Risk quantile-based risk constraints. Using examples from
research studies on integrated management of catastrophic dependent
risks, integrated agricultural-water-energy nexus security, multidisci-
plinary water resource management we argue that coping with sys-
temic risks can be addressed by solving a system of implicit proba-
bilistic security equations. Selected numerical results from the stud-
ies illustrate that a robust combination of interdependent strategic and
adaptive solutions presents qualitatively new policy recommendations
contributing to the overall welfare increase.

A two-stage stochastic optimization for a multidisci-
plinary water resource management problem in the
presence of uncertainty and risks

Jose Pablo Ortiz Partida, Taher Kahil, Yoshihide Wada, Yurii
Ermoliev, Tatiana Ermolieva, Samuel Sandoval Solis

The water resources systems analysis involves problems, which have
to deal with multidisciplinary interacting water, agriculture and en-
ergy production and provision processes, multiple stakeholders, com-
peting objectives, inherent uncertainties and interdependent risks.
In this presentation, we formulate and discuss a novel two-stage
strategic-adaptive stochastic optimization framework that maximizes
regional economic benefits from water reservoir deliveries and inte-
grates stochastic inflows into a water allocation system with multi-
ple consumers, food-water-energy-environmental security targets, and
various physical and institutional constraints. The model incorpo-
rates compound robust quantile-based performance indicators of var-
ious competing water users/systems, characterizing e.g. agriculture
and energy production security, wetland and biodiversity preservation
goals, flood protection and reservoir storage safety constraints. The
performance indicators define the level of reliability, safety, resilience,
and vulnerability required by each subsystem (water user), thus char-
acterizing the risk of failures in the parts of the system and in the
whole reservoir management system. The two-stage feature of the
proposed nonsmooth STO model induces safety constraints on water
supply known as chance/safety/probabilistic constr