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I have decided to graduate in Engineering because 1 was
passioned by the ability of solving problems using
mathematical models and so when I met Operational
Research (OR) in the University of Lancaster, UK, where I
got my Master degree (1970), I understood that we could also
modelling real decision problems of organizations using
mathematical and stochastic models : even more fascinating!
I have pursued my academic career at the University of
Lisbon and after becoming full professor of Systems and
Management (1980), 1 started to become disappointed with
OR because most of the research seemed to be more oriented
to improve mathematical algorithms rather than solving
problems.
Searching for a more problem oriented approach I have read
some texts of Bernard ROY who I met for the first time at his
home in Paris, on 1984, and I then I understood that he was a
very exceptional example of the genuine OR approach
initiated by well-known authors such as Ackoff, Keeney or
Kaufmann.
Bernard ROY was committed to understand decision
problems considering the multidimensionality of the single or
collective decision makers, their values, culture and doubts
explaining why his models have a mathematical description
which is “ open” to the introduction of multiple elements and
avoiding automatic implications such as the transitivity
axiom with the purpose of building a better representation of
the decisional subject, object and process.

Since 1984 we had multiple meetings in Paris, in my cottage
of Nafarros ( near Lisbon ) and elsewhere which were always
an opportunity of learning how his humanistic culture could
be so important to support decisional problems pursuing the
original paradigm of Operational Research and refocusing the
scientific work on the critical questions : Who, when, why,
how?

Of course, B ROY is rightly remembered for his essential
contributions to Decision Theory, for his model ELECTRE,
for the organization of the European Group on Decision Aid
and for many vivid debates on decision issues but I believe
that he should be also considered as a “restart” of Operational
Research rediscovering its original paradigm well described
by the “Blacket Circus” and avoiding so many examples of
OR “lost in technicalities “.

This is why with his death, OR lost one of its major
scientists, the European community on decision aid lost its
main source of inspiration and I have lost a friend.
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Introduction

Over the last few years, public and private organizations and
business entities around the world have had to work with
different amounts of data from different sources. Analyzing
these data has become increasingly complex because robust
tools and high processing power have been required. Thus, a
vast quantity of intellectual resources (data, information,
and/or knowledge) has been accumulated and stored in
numerical, textual, graphical, audio, and video forms. In
general, such intellectual resources are called big data.
Nowadays, big data can be found in sectors such as services,
agriculture,  health, government, climate, tourism,
ecosystems, marketing, manufacturing, energy, marine,
public safety, finance, consumers and scientific research. The
fact is that big data acts as a source of relevant information
for decision making while making both formal and informal
decisions in all sectors mentioned above and beyond.

Big data is an evolving term that describes a large volume of
structured, semi-structured and unstructured data that has the
potential to be mined for information and used in machine
learning projects and other advanced analytics applications.
Big data is often characterized by the 3Vs: the
extreme volume of data, the wide variety of data types and
the velocity at which the data must be processed, all of which
combine to make big data very difficult to manage.

On the other side, Big Data Analytics is a set of analytical
techniques that are applied to big data that is collected, stored
and interpreted by very high-performance software (Elgendy
and Elragal, 2016). The analyses of massive volume of data
can be performed by many tools, such as Hadoop,
MapReduce and OpenRefine (Turet and Costa, 2018).

In this respect, Multiple Criteria Decision Aiding (MCDA)
may have a lot to contribute. MCDA methods represent
useful tools for structuring and evaluating complex decision
situations, and can allow for more informed, potentially
better decisions. MCDA techniques can build on the
knowledge of decision makers, and produce assessment
systems based on value judgements and experience. MCDA

Page 1



Groupe de Travail Européen “Aide Multicritere a la Décision”
Série 3, n°39, Printemps 2019

European Working Group “Multiple Criteria Decision Aiding”
Series 3, n°39, Spring 2019.

methods become increasingly popular in decision-making
due to their capability to deal with ill-structured problems
involving multiple and conflicting criteria, different
stakeholders with different views and preferences, several
sources of uncertainty and distinct time frames.

Among the many interesting trends developing in MCDA,
the one focused on exploring the connections of MCDA with
other fields, is particularly exciting for providing integrated
decision support in the complex context described above.
Among these, artificial intelligence (Al) has generated much
attention. Nowadays, Al is a wide domain within which one
can identify several notable research areas, including among
others, machine learning, data mining, soft computing,
evolutionary computation, knowledge engineering and
management, expert systems, symbolic reasoning, etc. The
methods and techniques developed in these research areas
have much to offer and vice versa towards meeting the new
requirement for decision support described above. This
potential has been recognized by researchers working in
MCDA and Al, and has conducted to a growing trend
involved with a fusion of ideas developed (often)
independently in the two fields. Among others, the results of
this unification trend can be identified in the development of
new decision modeling forms and paradigms, advanced
solution techniques for complex decision problems, new
approaches for preference elicitation and learning, as well as
implementations in integrated intelligent systems.

Within this same line of action, although MCDA and the
development of Big Data tools represent apparently two
distinct areas of research, they can both benefit from their
combined use, and for this reason handling their integration
currently represents a research frontier. The conventional
MCDA approach assumes the use of small amounts of data
and attributes. Small data is data in a volume and format that
makes it accessible, informative and actionable. Small data
typically provides information that answers a specific
question or addresses a specific problem. The term small
data contrasts with big data, which usually refers to a
combination of structured, semi-structured and unstructured
data that may be measured in petabytes or exabytes.

A growing number of researchers are merging theories and
methodologies from different disciplines to extract new
meaning from data and to solve complex decision problems
using new methods. The emerging area of research on
integrating Big Data analytics and MCDA is an example of
how linking concepts and methods from two distinct fields
can yield new ways of tackling decision problems (Hsueh
and Cheng, 2017). At the fundamental level, Big Data -
MCDA Analytics can be thought of as a collection of
advanced analytic methods and tools for transforming and
combining very large and diverse data set and preferences
(value judgments) to obtain information for decision making.

Opportunities

The opportunities for advancing research on integrating Big
Data and MCDA come from the synergy between the two
distinctive sets of decision support tools. The capabilities of
handling and processing data distinguished Big Data from
other fields. They also make Big Data a valuable technology
in a wide variety of applications, because a wide range of the

public and private sector organizations use large data to

support their activities. Big Data can help in coordinating

situation analysis through its ability to integrate data from
diverse sources. It can enhance the MCDA capabilities for

exploring decision situation and supporting the process of a

constructive learning with subjective judgements, for

example,

* Cases of large amounts of data and high numbers of
criteria for evaluation of socio-economic objects are
rather frequent (Podviezko, 2015). Evaluation can
include thousands of entries of data and dozens of
different criteria. The processing of these large amounts
of data can be performed with statistical methods and
MCDA methods, however, statistical methods impose
strong limitations on data. In contrast, multiple criteria
evaluation methods can deal with ill-defined problems
and with multi-dimensional data. Results yielded by
statistical methods can be comprised by specialists, while
results yielded by the MCDA methods are specifically
designed for decision makers. In addition, the MCDA
methods provide results in the form of selection, sorting
or ranking of alternatives by their preference to decision
makers of various backgrounds.

¢ In the same line of structured data, considerable attention
has been paid to preference queries in large database
context. Preference queries aim at increasing
personalized pertinence of a selection. Those queries aim
to improve the relevance of information retrieval that
may be different from one user to another. They consider
user’s preferences and the most well-known ones are the
skylines queries based on the concept of dominance
introduced by Pareto. The skyline operation is a typical
MCDA process. The basic assumption of conventional
skyline operator is preference-ordered values within
multi-dimensional decision tables. This assumption
utilizes preference-ordered values to simplify the
complex human preference, which is subject to big
challenges in real applications. In the literature, other
dominances have been proposed. Other weaker forms of
dominance aim at reducing the size of the answer of the
skyline query because in the context of high dimensional
databases, skyline queries alone do not provide an
efficient decision support. Diverse approaches have been
recommended to overcome that restriction. The key idea
is based in introducing more comparability by defining
other, weak dominance relations (Catania and Jain,
2014). In this connection, MCDA has a lot to provide.
The relevance of the different dominance relations
depends on the context and/or the user.

* Preference disaggregation approaches have been widely
used for constructing multicriteria sorting and ranking
models from data. Despite the huge progress achieved in
this active field of MCDA, there are still many
challenges and opportunities for further research. While
important research has been made on developing robust
decision making approaches, measuring robustness
through analytical measures that can be applied to
complex and large-scale instances, remains a challenge.
Furthermore, the advances in big data analytics and the
development of new application areas where big data are
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highly relevant, raise challenges for scaling up existing
MCDA sorting and ranking approaches to large data sets
(Doumpos and Zopounidis, 2011, 2018), (Leyva et al.,
2016).

*  Multicriteria recommender systems represent an exciting
and constantly changing research topic. Multicriteria
recommender systems integrates MCDA techniques to
consider a set of criteria that provide information on
different aspects of the items to be recommended. These
systems have not yet been studied extensively, and more
research is necessary. Recommender systems have
mainly integrated utility-based techniques. Although the
outranking model has had a great impact in the MCDA
field and has many applications, it has not been
sufficiently introduced in recommender systems (Del
Vasto, et al., 2016), (Lakiotaki et al., 2011).

Challenges

The hybridization of Big Data and MCDA brings about as a
series of theoretical, methodological and operational
contradictions and inconsistencies. For example, the problem
of semantic heterogeneity caused by different meanings of
data, terminologies, and models used in Big Data and MCDA
is one of the key challenges in advancing research on
integrating Big Data and MCDA. To this end, transparency
issues are particularly troublesome to the Big Data-based
decision making. For example, decision maker participants
and Big Data experts often mix-up fundamental concepts of
MCDA such as the notion of value structure, goal, criterion,
objective, and attribute without recognizing similarities and
differences. It has been only recently that some
considerations have been given to how the problem of
semantic heterogeneity inherent in Big Data - MCDA affects
the quality of the decision-making process. Research into Big
Data - MCDA has so far tended to concentrate on the
technical questions of how to integrate Big Data and MCDA.
Our understanding of the benefits of such integration is
limited by the lack of research on conceptual and operational
validation of the use of Big Data - MCDA in solving real-
world decision-aiding problems. More research about
modeling and human-computer interaction is needed to
understand the way analysts and decision makers can employ
Big Data - MCDA as a decision support tool.

Concluding remarks

The process of merging different disciplines requires a close
collaboration among researchers and practitioners with
different areas of expertise. Unfortunately, the collaboration
between the two disciplines involved in integrating Big Data
and MCDA has been rather limited. Most of the contributions
to Big Data - MCDA research have come from disciplines
outside the MCDA community. Specifically, the integration
in one direction has dominated the approaches for interfacing
Big Data and MCDA. Also, most of the Big Data - MCDA
applied research has been done without any participation of
the MCDA researchers and practitioners. The topic of a
tighter collaboration between the Big Data and MCDA
communities is of critical importance for advancing research
and practices in Big Data - MCDA.
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The importance of enhancing the cultural heritage

In the last decades, the conceptual and the policy framework
for the cultural heritage has massively evolved due to the
awareness of the benefits for the economy, the society, the
culture, and the environment (CHCFE project, 2015).
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Nowadays, the cultural heritage has been identified by
government authorities as a tool for the sustainable
development (Council of the European Union, 2014), for the
economic growth, to reconvert cities, to enable integration
and inclusion processes and as a pillar for the identity of the
nations (Arfaoui and Heid 2016).

Many cities have already recognized the role and importance
of cultural and creative industries in local development.
Preserving and enhancing the cultural heritage is integrated
into urban agendas and local development strategies in a
variety of sectors such as innovation, branding, tourism and
social inclusion (Blake, 2000).

Indeed, the protection and enhancement of cultural values
(tangible and intangible) start to have a recognizable role in
the urban regeneration processes. For example, when the
cultural actions (e.g. reuse of the building, reclamation of
open space, arts ‘festivals’, events and public art) are the core
of a local policy aimed at urban renovation, the processes are
defined as cultural-led regeneration (Evans, 2005; Vickery,
2007).

Even more, strategies that want to enhance cultural heritage
can generate positive interlinked impacts on context. On the
other hand, the dimension of these synergistic effects
depends on the process activated and the capacity to create a
shared and inclusive social representation of a context, that
respect the identity and the local values (Ferilli et. al., 2017).
Therefore, local and international agencies, such as the
European Commission, and the 2030 Agenda for Sustainable
Development Goals of the UN General Assembly and
UNESCO’s Governing Bodies, encourage the public
awareness of cultural heritage, motivating governmental
institutions to act for the preservation of the local and the
national heritage (e.g., McKercher et al., 2005).

The use of multicriteria methods in the cultural heritage
context

Despite the increasing interest in enhancing the cultural
heritage, due to the increasing lack of public funding in the
current economic context, is necessary to rethink the
strategies to deal with such huge quantity of heritage to
preserve (Yau, 2009). In this sense, emerges the possibility of
supporting decision makers with appropriate methodologies
that aim at classifying, prioritizing and selecting the
appropriate strategies to preserve and enhance cultural
heritage (Fusco Girard and De Toro, 2007; Fusco Girard et
al., 2014). To support such complex decisions, those
methodologies need to deal simultaneously with all these
aspects building a participative and sharable decision.

In the past, the MCDM methods have been used in the
context of cultural heritage in different case studies (e.g.,
Hong and Chen (2017), Dutta and Husain (2009), Giove et al.
(2011)). However, given the complexity of the problem, it
seems that the natural evolution of these methods is the
integration of those MCDM methods in appropriate
frameworks. Some attempts in this direction have been made
for MCDM Methods that have been used together with GIS
environment (see e.g. Tarragu”el et al. (2012) or Oppio et al.
(2015)).

In this perspective, a versatile framework for the evaluation
and the subsequent selection of interventions for the

preservation of the cultural heritage has been proposed by
Ferretti and Comino (2015). They consider both qualitative
and quantitative values, to help decision makers in
developing urban strategies. They stress the necessity of
interacting with the different stakeholders in a transparent
process, to prioritize the most important elements in the
context of the cultural heritage and to support the choices of
public and, eventually, private stakeholders.

Recently, a further aspect has been introduced in the
literature that considers the choice of the interventions in the
cultural heritage context as a portfolio of choices to be made
altogether in order to take into account potential synergies
among the different projects to implement. An attempt in this
direction has been made by (Nestico et al., 2018) that propose
to apply MCDM methods to generate a plan that chooses a
portfolio of interventions to be made altogether.

The integration of all the above elements can be retrieved in
the work proposed by (Barbati et al, 2019). The
methodology integrates a MCDM method and the resolution
of a portfolio problem. It is characterized by the continuous
interaction with the different stakeholders involved and it
also allows to consider potential synergies and possible
linked effects in the urban context.

Discussion and insights

From the analysis of the evolution of the way of dealing with
the cultural heritage, it seems that a new paradigm could and
is being developed in which decisions are taken, with the
support of structured methodologies, considering multiple
aspects of the problem, multiple stakeholders, multiple
criteria and the relevant restrictions, including the not
economic ones. The decision processes tend to become more
inclusive and, consequentially, the procedures to evaluate the
potential intervention requires the use of participatory and
collaborative approaches that support the interaction between
the actors involved, and identify possible ongoing
improvements.
Moreover, reducing funding encourages the councils to look
for new ways to fund the culture policies (cultural,
educational, social activities, preservation of cultural
heritage, local engagement, and enterprise, etc.) and to
optimize the available resources. Furthermore, it is important
to consider that a cultural enhancement strategy could be
implemented in very different periods, where the conditions
could change quickly and the enabling context can be
identified.

More in detail, when dealing with decisions in the cultural

heritage system, several aspects need to be considered as:

¢ Several stakeholders are involved in the decision-making
process of the strategy to adopt (Yung and Chan, 2013).
Indeed, the cooperation between public, private and
nongovernment sectors is important to start and carry out
projects but also to sustain the places over time
(Macdonald and Cheong, 2014);

* Several points of view need to be taken into account and
integrated in order to reach an agreement among the
several stakeholders involved (Fusco Girard et al., 2014);

* Citizens want to be fully informed of the decision to be
made, therefore a clear and transparent procedure to get
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to the decision must be adopted (Dutta and Husain,
2009);

* Awareness of the identity shared values of the different
local communities should be promoted (Cerreta and
Panaro, 2017);

* Economic aspects can be revitalized as for example the
promotion of tourism (e.g., McKercher et al., 2005),
local entrepreneurship and local businesses (e.g., Tuan
and Navrud, 2008);

* Monetary aspects need to be considered together with
other elements (Wang and Zeng 2010) such as
improvement of the environment and the urban
landscape (Veldpaus et al., 2013), protection of place
identity and heritage values, sustainability, well-being
and life quality of citizens (Tweed and Sutherland,
2007);

* Indeed, this type of processes cannot be planned in each
aspect. It is necessary that the local communities feel
part of the same vision, participate, cooperate and even
compete together.

Therefore, it is crucial that methodologies that support

decisions in the cultural heritage context are characterized by:

* Integration of different methods and tools, structuring
multi-methodological and hybrid decision-making
processes;

* Versatility and easiness of adaptation in different
complex problems;

¢ Consideration of the
interlinked and not isolated;

¢ Efficiency in monitoring the impacts of the selected
actions in the urban context;

* Capability of handling dynamic aspects
unforeseen changes in the economy;

*  Ability to deal with uncertainty and risk conditions;

* Capability to stimulate cooperation between different
actors, reducing conflicts.

different interventions as

such as
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MCDA Research Groups

Decision analysis at University of Trento

Michele Fedrizzi and Matteo Brunelli
Department of Industrial Engineering, University of Trento

michele.fedrizzi@unitn.it ; matteo.brunelli@unitn.it

Research on decision analysis methods has been carried out
in the University of Trento since the late Eighties, mostly

thanks to the initiative of Mario Fedrizzi, now Emeritus
Professor. The research group initially focused on preference
relations, consensus and their representations with fuzzy sets
theory. In that period, fruitful collaborations were established
with other researchers such as Hannu Nurmi (University of
Turku, Finland), Janusz Kacprzyk (Polish Academy of
Sciences), José Luis Verdegay (University of Granada,
Spain). During the Nineties the research group, then called
MEDIA  (Multi-Expert  Decisions and Interactive
Aggregation), was composed also by Michele Fedrizzi and
Ricardo  Alberto Marques Pereira and developed
mathematical models to describe consensus in the case when
the preferences of decision makers are fuzzy.

After the Italian University reform in 2010, and until present
days, the research in MCDA in Trento has been carried out
by different researchers in three different departments.

Michele Fedrizzi and Matteo Brunelli (Dept. of Industrial
Engineering) have studied cardinal preference relations,
especially with respect to the condition of consistency. This
led to some studies, both theoretical and numerical, on
inconsistency indices, i.e. indices commonly used to quantify
the degree of inconsistency of a set of preferences. Some of
the results spotted how seemingly different measures of
inconsistency are, instead, functionally related, and thus
equivalent. Furthermore, more axiomatic studies have been
proposed in order to study the mathematical structures of
inconsistency indices by means of an analysis of their
properties. In this context it was shown that a number of
well-known indices fail to satisfy some properties and
therefore their use as inconsistency indices remains
questionable. Other research directions include fuzzy sets
theory and, more recently, the optimization and management
of maintenance operations.

Silvia Bortot and Ricardo Alberto Marques Pereira (Dept.
Of Economics and Management) have research interests
related to aggregation functions, especially the Choquet
integral and the ordered weighted averaging (OWA)
functions.

The Choquet integral was applied, for instance, in the context
of project management and properties of OWA functions
have been studied in the light of their binomial
decomposition.

Additionally, among their proposals there is that of using the
binomial decomposition of OWA functions to study the non-
additive structure of some well- known welfare functions and
inequality indices like those introduced by Gini, Bonferroni
and De Vergottini.

Finally, they have proposed an extension of the AHP in
which aggregation was defined on the basis of 2-additive
Choquet integrals sensitive to inconsistency, and they have
investigated the general algebraic representations of the mean
particularly in relation with the AHP framework of pairwise
comparison matrices.

Finally, Stefano Benati (Dept. of Sociology and Social
Research) has conducted research in game theory and
portfolio optimization. Among his proposals there is the use
of the median, instead of the expected mean value, to make
portfolio optimization more robust. His current research on
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decision making regards the use of regret in optimization
models.
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About the 89" meeting of the EWG-
MCDA

The Department of Industrial Engineering of the University
of Trento hosted the 89th meeting of the EWG-MCDA. The
meeting was held between the 11th and the 13th of April
2019 in the “Economics building” of the University of
Trento. The main topic of the meeting was “Pairwise
comparisons (pros and cons)”’. As usual, in spite of the
special theme, the conference welcomed all contributions on
both theoretical and applied aspects of MCDA. The scientific
committee received more than 60 abstract submissions and
the actual participants included scholars from non-EU
countries such as Canada and Japan. Out of all the abstracts,
for reasons of time, only 20 were selected for presentation.
The meeting was opened by the welcome message of Dario
Petri, the head of the Department of Industrial Engineering,
who encouraged the development of MCDA methods to be
applied into the new paradigm of Industry 4.0. The meeting
then proceeded with five sessions: two on the pairwise
comparison method, one on regional and urban planning and
the remaining two on miscellanea aspects of MCDA. A
positive note, which is already a “trademark” of these
meetings, were the lively and participated discussions
following most of the presentations.

In addition to these sessions, a keynote titled “Paired voting
methods in restricted domains: are the ghosts returning?” was
given by Hannu Nurmi. In his keynote, Hannu showed,
thanks to simple and intelligible examples, how some
seemingly reasonable and well-known voting methods based
on pairwise comparisons may end up giving some
counterintuitive results.

As a rule, the social events included a social dinner on
Thursday and an outing day on Saturday. The social dinner
took place at Palazzo delle Albere, an old palace from the
16th century. The number of attendees, including participants
to the conference and accompanying persons, was 49. After a
convivial moment where it was possible to socialize and
appreciate some wine and with local finger food, the dinner
proceeded at the tables in the entry hall of the palace.

On Saturday the participants took a shuttle to be transferred
to Arte Sella, which is an open air contemporary art
exhibition. The pieces at Arte Sella are all inspired by nature;
most of them are made of materials such as wood and rock.
After the visit we stopped in a rustic restaurant to eat some
local food for lunch.

It all went well, although the rainy weather did not help, or,
to look at the positive side, it increased the already
mysterious atmosphere of Arte Sella!

Finally, we want to communicate to the MCDA community
that there will be a special issue of the Springer journal
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“Decisions in Economics and Finance”. Although the special
issue was inspired by the meeting, the invitation to contribute
is, of course, open to the entire community. The call for
papers can be found in the website of the meeting.

Last but not least, we want to thank the participants, the real
protagonists of these meetings.

Trento, 28th April 2019
Michele Fedrizzi
Matteo Brunelli

Photo by Matteo Brunelli

MEETING PROGRAM

Thursday, 11 April

Session 1 (MCDA 1)
Presentations

Ghaderi, Kadzinski: Incorporating Group-Level
Uncovered Structural Patterns in Construction of
Individual-Level Value Functions

Tomczyk, Kadzinski, Slowinski: Preference-based
cone  contraction algorithms for interactive
evolutionary multiple objective optimization

Profili, Scarelli: Multi-Criteria Analysis in Food
Management

Bottero, D’Alpaos, Oppio: Weighting procedures and
environmental sustainability assessment: an

experiment based on an urban regeneration programme
in Northern Italy

Discussion

Abastante, Corrente, Greco, Lami, Mecca: Multiple
criteria decision analysis to compare hypotheses of
adaptive reuse for an iconic historical building
Arcidiacono, Corrente, Greco: Financial rating with
ordinal classification based on the hierarchical SMAA
Choquet integral approach

Balaman Yyilmaz, Kaya: A multi criteria assessment
and clustering based decision support system for
analytic customer relationship management

Cantone, Giarlotta, Watson: Decomposing Choice
Behavior: One-Point Resolutions

Greco,  Matarazzo,  Slowinski:  Distinguishing
Vagueness from Ambiguity in Rough Set
Approximations

Clivillé, Verjus, Berrah, Pourraz, Hotel: A

Recommender System in a Touristic Context
D'Alpaos, Faleschini, Andreolli: Evaluation of Seismic
Retrofit of Industrial Buildings: A Hierarchical
Approach

European Working Group “Multiple Criteria Decision Aiding”
Series 3, n°39, Spring 2019.

Di Caprio, Santos Arteaga: The information lost in
expectations

Fernandes, Carrico: Multicriteria Decision Support
Tool to Evaluate the Replacement of Water Meters

Session 2 (Pairwise comparisons I)
Presentations

De Marinis, Sali: Simplified pair-wise ranking for
identification of triggering interventions on agricultural

development in Masisi, Nord Kivu, Democratic
Republic of Congo
Scala, Oliva, Setola, Dell’Olmo: Optimal group

formation based on incomplete Analytic Hierarchy
Process

Stoklasa,  Siebert:  Constructing  absolute-type
evaluations by pairwise comparisons: utilizing the
strengths of AHP relative- evaluation methodology to
obtain absolute ratings (this time for real, not stopping
half way through as Saaty’s absolute-measurement
AHP does)

Csat6: Axiomatizations of inconsistency indices for
triads

Discussion

Antal, Bozoki, Fulop: Efficiency of weight vectors
derived from pairwise comparison matrices

Bregar: Some experimental findings on the role of
inconsistency and relativity in pairwise comparisons
Kulakowski, = Szybowski, Prusak: Indices of
incompleteness for the pairwise comparisons method
Mazurek: When is the condition of order preservation
met? Theoretical and numerical approach

Oliva, Bozoki: Incomplete Analytic Hierarchy Process
with Minimum Ordinal Violations

Oppio, Ferretti, Dell'Ovo, Colorni Vitale: Strengths
and limitations of the pairwise comparison approach
for the definition of suitable coalitions of actions

Friday, 12 April

Session 3 (MCDA II)
Presentations

Colorni, Tsoukias: Generating Alternatives in Decision
Models

Figueira, Greco, Roy: ELECTRE Score:
Outranking Based Scoring Method

Marais, Abi-Zeid, Rodriguez: Ranking with ELECTRE
IIT: Difficulties encountered in a real life project with a
large set of alternatives

a first

— Benati, Conde, Mansini, Zanotti: Variations on
Portfolio Efficient Frontiers
Discussion
— Giarlotta, Watson: The interplay between two

rationality tenets: Extending Schmeidler's theorem to
bi-preferences

Greco, Ishizaka, Tasiou, Torrisi: Robust
noncompensatory aggregation of composite indicators:
the PROMETHEE scoring method
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— Greco, Ishizaka, Panaro, Tasiou: Sigma-Mu efficiency
analysis to evaluate the cultural and creative vitality of
cities

— Guitouni: Formalization of a nested distributed
decision-making model in co-production networks:
The case of Global Value Chains

— Huttin: Engineering approaches in life science and
health care and MCDA

— Imoussaten, Montmain: The worth index based on the
credibility index

— Kosova, Xhafaj, Qendraj, Kullolli,
Performance and Governance of the
Universities by Multi-Criteria Analysis

— Le Tellier, Berrah, Clivillé, Stutz, Audy, Barnabé:
Definition of the ecopark’s multi-criteria decision-
making problems and their challenges

Rakipllari:
Albanian

Keynote Lecture
Hannu Nurmi: Paired Voting Methods in Restricted
Domains: Are the Ghosts Returning?

Session 4 (Pairwise comparisons II)
Presentations
— Ben Amor, Pelissari: Uncertainty and pairwise
comparisons in multi-criteria decision making aid: a
literature review
—  Sato: Review on Ratio Scales for Pairwise Comparison
— Liang, Rezaei, Brunelli: Consistency Threshold for
Best Worst Method
—  Corrente, Figueira, Greco: An improved version of the
deck of cards method to build evaluation scales
Discussion
— Porro, Pardo, Sanchez, Agell: Strategic priorities for
European energy companies location: A multi-criteria
decision approach based on AHP
— Ishizaka, Pereira: ANPSort for sorting researchers
— Srdjevic, Srdjevic: Pairwise comparisons in multi-
criteria decision making — experience and feedback

gained during multiple individual and group
applications of the AHP method
— Siebert, Stoklasa: Aggregation in the Analytic

Hierarchy Process: Why weighted geometric mean
should be used instead of weighted arithmetic mean
- Szybowski: The tournament index of inconsistency

Session 5 (Territorial and Urban Planning)
Presentations
— Barbati, Figueira, Greco, Ishizaka, Panaro: A multiple
criteria decision aiding approach to prioritize and to
select tangible urban cultural heritage projects.
— Rolando, Curto, Norese: MCDA and an outstanding
urban system
— Cerreta, Poli, Regalbuto, Mazzarella: Choosing a
sustainable development alternative in an urban
context: the ANP method application
— Thebault, Berrah, Gaillard, Clivillé, Desthieux,
Ménézo: BIPV suitability analysis in the Geneve
agglomeration using  GIS-based  multi-criteria
evaluation

Discussion

— Zolfani: BWM and SWARA similarities; advantages
and disadvantages

— Lentini, Polettini, Lu¢, Colorni Vitale: Assessing and
rating the level of smartness of mountain areas by the
use of Electre Tri: the pilot case of the ongoing Alpine
Space project SmartVillages

— Mouhrim, El Hilali Alaoui, Boukachourb: Mixed
Vehicle Routing Problem under Emissions Allowances

— Norese, Bono: A project selection problem in an
organizational process of Information Technology
management

— Ogryczak: Mean-Inequity Ratio Models for Equitable
Multiple Criteria Optimization

—  Orejuela, Bocanegra, Bravo, Londono: Electre method
for choosing a school routing in a Pareto front

— Quartieri: Rankability as a strong form of coherence

— Rocchi, Paolotti, Boggia: Environmental valuation and
MCDA: where we are going?

—  Siebert: How proactive decision making influences life
satisfaction

—  Siebert, Siebert: Debiasing belief perseverance in the
context of fake news

— Yazdani, Chattarjee: An improved version of Best
Worst Method (BWM)

Persons and Facts

Professor-Academician
awarded the Honorary
University of Thessaloniki

Constantin  Zopounidis was
Doctorate of the Aristotle

On 19/12/2018 at 12.00, Prof. Constantin Zopounidis,
Professor of the School of Production Engineering and
Management of the Technical University of Crete, was
awarded the Honorary Doctorate of the Department of
Economics at the School of Economics and Political Science
of the Aristotle University of Thessaloniki.

In the past, honorary doctorates were awarded the following
professors distinguished personalities:

e Eric John Ernest Hobsbawm (member of the British
Academy and the American Academy of Arts and
Sciences, honorary member of King's College in
Cambridge and an honorary doctor of many
universities in several countries)

e Clive W. J. Granger (Nobel Prize in Economics in
2003)

e Harry Markowitz (1990 Nobel Prize Economy)

e Anwar Mir Mohammed Shaikh (Professor at New
School for Social Research in New York for more than
30 years)

e George Vassiliou (President of the Republic of Cyprus)

e  Prodromos Emfietzoglou (honored by the Academy of
Athens, the Ecumenical Patriarch Bartholomew, the
Patriarch of Jerusalem Diodorus A)
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e George M. Konstantinidis (President of the American
Finance Association, considered to be the world's
leading scientific association of Financial Economists)

Constantin Zopounidis is Professor and Vice Dean of the
School of Production Engineering and Management. He is
also Director of the Financial Management, Data Analysis
and Forecasting Systems Laboratories of the Technical
University of Crete. From 2012 he is Distinguished Research
Professor at Audencia Business School (France). He is Editor
in Chief of International Journal of Operational Research: An
International Journal (Springer), International Journal of
Multicriteria Decision Making (Inderscience), International
Journal of Financial Engineering and Risk Management
(Inderscience), International Journal of Corporate Finance
and Accounting ) and the International Journal of Food and
Beverage Manufacturing and Business Models (IGI Global).
He is also a Associate Editor of New Mathematics and
Natural Computing, (World Scientific), Journal of Banking
and Financial Technology (Springer), International Journal of
Banking, Accounting and Finance (Inderscience),
International  Journal of Data Analysis Strategies
(Inderscience) and member of the Scientific Committee of
the European Journal of Operational Research (Elsevier)

Prof. C. Zopounidis presented a speech entitled "Multi
Criteria Analysis: A Holistic Approach to Decision Making".

Photopress©Yannis Tsouflidis

Photoi}ré}s%@‘(annis Tsouflidis |
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The COMET method: the first MCDA method
completely resistant to rank reversal paradox

Wojciech Salabun'", Andrzej Piegat', Jarostaw
Watrébski’, Artur Karczmarczyk®, and
Jarostaw Jankowski’

! Department of Artificial Intelligence Method and Applied

Mathematics in the Faculty of Computer Science and Information
Technology, West Pomeranian University of Technology,
Zoierska 49, 71-210 Szczecin, Poland

2 Department of Information Systems Engineering in the Faculty of
Economics and Management, University of Szczecin, Mickiewicza
64, 71-101 Szczecin, Poland

3 Department of Information Systems Engineering in the Faculty of
Computer Science and Information Technology, West Pomeranian
University of Technology, Zotnierska 49, 71-210 Szczecin, Poland

* corresponding author: wsalabun@ieee.org

Abstract

In this paper, we present a new multi-criteria decision-
making method, called Characteristic Objects METhod
(COMET), along with its software implementation'. First of
all, we discuss the essential properties of COMET, which
make it unique. Next, the paper presents the basic concepts of
fuzzy sets theory and the COMET algorithm. We introduced
the operation of web software. Finally, we describe the
COMET applications and give final remarks.

1. Introduction

The Characteristic Objects METhod (COMET) is a newly-
developed method of multicriteria identification of expert
decision-making models used for solving multi-criteria
decision-making problems [1].

The presented method is characterized by unique properties
that are rare in the field of multicriteria decision-making
methods. The most crucial is the fact that COMET is entirely
resistant to the rank reversal phenomenon. This property is
possible because the COMET method evaluates alternatives
using a model identified by characteristic objects that are
independent of the set of evaluated decisional variants.
Unlike most of the other techniques of multicriteria decision-
making analysis, there are no comparisons between the
assessed decision variants themselves. A decision-maker
obtains the preference values of considered alternatives by
using the resulting model. Therefore, if we use the same
decision model, the rating values for decisional variants will
not change regardless of their number, so the paradox will
never occur. The once completed identification of the
decision model allows additional evaluation of any set of
alternatives in the considered numeric space without re-
engaging the expert in the assessment process, as the model
has been already identified for the entire problem space. The
methods alternative to COMET, in such situations most often
require the complete identification and calculation procedure

! www.comet.edu.pl
2 www.comet.edu.pl
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to be repeated from the beginning, since they only identify
the values of the grades for the currently considered set of
alternatives and not for the entire problem state space [2].
The COMET method additionally enables relatively easy
identification of both linear and non-linear expert decision
functions, which allows increasing the scope of its
applicability to solving both linear and non-linear problems.
Another issue is the use of global criterion weights, which
determine the average significance of a given criterion for the
final assessment. The linear inclusion of the weights in
nonlinear problems additionally leads to a reduction in the
accuracy of the results obtained. Besides, the problem is how
the weights should be set. Therefore, in the calculation
procedure of the COMET method, the arbitrary determination
of weights for individual criteria was omitted [3], [4].

The COMET method is based on the idea of the characteristic
objects, i.e., points regularly distributed in the problem state
space. These objects are obtained as a combination of values
characteristic to individual criteria. Among the characteristic
objects, there are not only real objects, but there may also be
those that do not represent the decision variants existing in
reality. Thanks to this, the distances between the
characteristic objects are usually larger than in the case of the
considered alternatives and arranged in space regularly,
which facilitates the process of setting preferences for them
[5]-

In addition to the basic COMET method, its extensions have
been developed that use in the calculations the achievements
of the interval arithmetic, hesistant fuzzy sets as well as
intuistionic fuzzy sets [6], [7], [8].

The remaining part of this paper is composed as follows. The
preliminary of the fuzzy set theory is shown in Section 2. In
Section 3, the COMET algorithm is presented in details.
Section 4 is dedicated to the COMET software. Finally, we
present the COMET application examples and provide the
concluding remarks in Section 5.

2. Fuzzy Set Theory: Preliminaries

The development of the fuzzy set theory was initiated by
Lofti Zadeh, who presented the idea and the first conception
of fuzzy sets in [9]. Today, the fuzzy set theory is a very
important approach to the control and model creation in
various scientific fields. Modeling with the usage of the fuzzy
sets has proven to be an effective way to formulate the multi-
criteria decision problems [10], [11], [12]. The basic notions
and concepts of the Fuzzy Set Theory are defined below [1],
[10], [12].

Fuzzy set and membership function

The characteristic function w , of a crisp set 4 C X assigns a

value of either 0 or 1 to each member of as well as the crisp
sets only allow a full membership (u,(x)=1) or no
membership at all (u,(x)=0). This function can be
generalized to a function W ¢ so that the value assigned to the
element of the universal set X falls within a specified range,
i.e., Wg: X —[0,1]. The assigned value indicates the degree

of membership of the element in the set 4. The function W yis

called the membership function and the set
Fo {(x,u¢fx))}, where xE X, defined by ug¢fx) for each
x€ X, iscalled a fuzzy set.

Triangular fuzzy number (TFN)

A fuzzy set A, defined on the universal set of real numbers
R, is told to be a triangular fuzzy number Ha, m, b) if its
membership function has the following form (1):

0, x=a
x-a
, asx=sm
m-a
ILtZ('x’a7m’b)= 1, xX=m (1)
b-x m=sx=<b
b-m
0, x=a
moreover, the following characteristics (2, 3):
Xp, % €[a,b] A xy > xp = W gfx)) > U gfx;) 2
X1, % €[b,c] A xy > X = wgfxy) < gfx;) 3)

An example of a TFN is presented in Fig. 1.
The support of a TFN
The support of a TFN 4 is defined as a crisp subset of the set

A in which all elements have a non-zero membership values
in the A4 set (4):

S(H= (x:uyfx) > 0} =[a,5]

The core of a TFN

4)

The core of a TFN 4 is a singleton (one-element fuzzy set)
with the membership value equal to 1 (5):

C(H=txingfx) =l =m

The fuzzy rule

)

The single fuzzy rule can be based on the Modus Ponens
tautology. The reasoning process uses the IF-THEN, OR and
AND logical connectives.

The rule base

The rule base consists of logical rules determining the causal
relationships existing in the system between the input and
output fuzzy sets.

The T-norm operator: product

The T-norm operator is a 7T function modeling the
intersection operation of two or more fuzzy numbers, e.g. A
and B. Currently, the arithmetic product of real numbers is
used as the T-norm operator (6):

W gdx) ANDugf¥) = W gfx) - 1 pf ¥)

The S-norm operator: sum

(6)

The S-norm operator is a S function modeling the union
operation of two or more fuzzy numbers, e.g. A and B.
Currently, the arithmetic sum of real numbers is used as the
S-norm operator.
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Fig. 1. An example of a triangular fuzzy number with the support [a,
b] and the core m.

3. COMET algorithm

The COMET method is completely free of the Rank Reversal
phenomenon. In the previous works, the accuracy of the
COMET method was verified [2]. The formal notation of the
COMET method should be briefly recalled [1], [2], [8].

Step 1. Define the space of the problem — the expert
determines the dimensionality of the problem by selecting »
criteria, C;,C,,...,C,. Then, a set of fuzzy numbers is

selected for each criterion C;, e.g., { (%’, (91./0 ’“'&i/gi +(7):
Cr={.%,...00,
C, = 186,804, )

L =100,

where CisCyyernsy

(7

c, are the ordinals of the fuzzy numbers for
all criteria.

Step 2. Generation of the characteristic objects — the
characteristic objects (CO) are obtained with the usage of the
Cartesian product of the fuzzy numbers’ cores of all the
criteria (8)

CO=C(C))xC(Cy)x...xC(C,) ®)
As aresult, an ordered set of all CO is obtained (9):

o, = 1C().C()....C(Ch))

€O, = {C(E).C()....C(Ch)} ©
CO, ={C().C(&, )....C(Ch )}
where 7 is the number of Cos and is equal to (10):
t= Hci (10)

i=1

Step 3. Evaluation of the characteristic objects — the expert
determines the Matrix of Expert Judgment (MEJ) by
comparing the COs pairwise. The matrix is presented as (11):

O Oy a,\ CO
Oy Oy ay | CO,
MEJ = . (11)
O Oy a, | CO,
co, o, CoO,
where ay is the result of comparing CO; and CO; by the

expert. The function f,, denotes the mental judgment
function of the expert. It depends solely on the knowledge of

the expert. The expert’s preferences can be presented as the
following form (12):

0'0’ fexp (COz) < fexp (COJ)
= f(CO,,CO;) =105, [, (CO,) = [, (CO))
L0, fxp (CO) > [f0p (CO;)
The most important properties are described by the formulas
(13) and (14):
a; = f(CO,CO,) =05
oy = 1- o

(12)

13)
(14)
Therefore, the number of comparisons is reduced from 7
cases to p cases (15):

(£)=l(t2—1) (15)

After the MEJ matrix is prepared, a vertical vector of the
Summed Judgments (SJ) is obtained as follows (16):

t
SJ. = )

Eventually, the values of preference are approximated for
each characteristic object. As a result, a vertical vector P is
obtained, where the i-th row contains the approximate value
of preference for CO.;.

(16)

Step 4. The rule base — each characteristic object and its
value of preference is converted to a fuzzy rule like the
following form (17):

IF C(&0) AND C(&Q) AND... THEN P, (17)
In this way, a complete fuzzy rule base is obtained (18):
IF CO, THAN R

IF CO, THAN P,

(18)

IF CO, THAN P

Step 5. Inference in a fuzzy model and final ranking — each
alternative is presented as a set of crisp numbers, e.g.,
A4 ={ay;,ay,...,a,;}. This set corresponds to the criteria
G.G,,...,
compute the preference of the i-th alternative. The rule base

guarantees that the obtained results are unequivocal. The
bijection makes the COMET completely rank reversal free.

C.. Mamdani’s fuzzy inference method is used to

4. Software

The Decision Support System (DSS) software has been

written by using leading web technologies like HTML, CSS,

and JavaScript. The paper presents a simple example to show

the software operation.

The decision-making problem is the selection of the bidder in

the tender for public investment. Only two criteria are

analyzed:

* Cl1 — experience as the number of years of operation on
the market (domain C; € [0,15] yrs), and

* (C2 —price as the total price of the offer in a million PLN
(domain C, € [10,50] mil PLN).

Let us assume that ten companies (A; — Ajo) have applied for

the tender and their offers are presented in Table 1. (random

data from the criteria domain).
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Table 1. The performance table of the alternatives A; — Ay

A; Experience [yrs] Price [mil PLN]
Aq 10 38
A, 1 11
As 13 21
A, 14 12
As 10 14
Ag 11 43
A, 11 38
Ag 6 23
Ag 10 48
A 3 11
COMET method - a new quality in decision making

COMET method

Fig. 2. The main page of the site www.comet.edu.pl

Fig. 3. The initial window

We enter the project website’ (see Fig. 2.) to identify the
decision-making model’ and we press the ‘Create model’
button in the initial window (see Fig. 3.). Next, we define the
dimensionality of the problem (number of criteria). We give
the names of all criteria and characteristic values (including
domain boundaries). The characteristic values for the
experience are chosen as 0, 5, and 15 years; for the price are
selected as 10, 30, and 50 mil PLN. The method of entering
data is shown in the Fir. 4.

In that way, we obtained nine characteristic objects, and we
shall make 36 pairwise comparisons. In the browser window,
we see the pairs of characteristic objects, and we have to
choose which one is better (there is a possible draw). Fig. 5.
presents an exemplary pairwise comparison. After the last
comparison, we can save the identified model as an Excel
file. There is an available MEJ matrix (19), and we can easily
calculate SJ vector (20). In the next window, we see the
complete rule base, and the preference vector (Fig. 6.).
Afterward, we can see the visualization of TFNs for all
criteria (Fig. 7. and 8.), and we can make an inference by
using the identified model.

2 www.comet.edu.pl
3 a short tutorial: www.comet.edu.pl/Fuzzi/manual.pdf

Characteristic values

Criterion name (separate by comma)

Experience 05,15

Price 10,30,50

Fig. 4. Selecting dimensionality, names, and characteristic values of
the chosen criteria.

Experience - 0
Price - 10

Experience - 5
Price - 50

Objects
number.

9

Pairs left
36

™ = ™
Fig. 5. An example of a pairwise comparison.
05 1 1 0 05 05 O 0 0
0 05 1 0 0 05 0 0 0
0 0 05 0 05 0 0 0 0
1 1 1 05 1 1 0 05 1
05 1 05 0 05 1 0 0 05](19
05 05 1 0 0 05 0 0 0
1 1 1 1 1 1 05 1 1
1 1 1 05 1 1 0 05 1
1 1 1 0 05 1 0 0 05
35
2.0
1.0
7.0
SJ; =1 4.0 (20)
2.5
8.5
7.0
5.0
IF Experience: 0 AND Price: 10 THEN 0.4286
IF Experience. 0 AND Price: 30 THEN 0.1429
IF Experience: 0 AND Price: 50 THEN 0.0000
IF Experience: 5 AND Price: 10 THEN 0.8571
IF Experience: 5 AND Price: 30 THEN 05714
IF Experience: 5 AND Price: 50 THEN 0.2857
IF Experience: 15 AND Price: 10 THEN 1.0000
IF Experience: 15 AND Price: 30 THEN 0.8571
IF Experience: 15 AND Price: 50 THEN 0.7143

Fig. 6. The identified model presents as a rule base.
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Experience
g 5 15
0 2 4 6 8 10 12 14 16

Fig. 7. Visualization of TFNs for criterion C;.

0-¢

10 15 20

25 30

35 40 45 50

Fig. 8. Visualization of the TFNs for criterion C,.

Finally, we select an evaluation for the alternatives set and
fill in the form. After the press ‘Compute’ button the result
will be displayed as shown in Fig. 9 and 10. According to the
ranking generated by the COMET method, the A, alternative
is the best, and the worst is the A, alternative (see Table 2.).
The Pearson correlation between preference value and
experience is 0.5868 (p-value 0.075). The relationship
between price and preference is -0.4929 (p-value 0.148). The
obtained ranking seems to be rational. However, we cannot
forget that this is a purely didactic example, and for real
decisional model identification, we need a real expert. In the
next section, the brief review of the COMET applications
will be presented.

Table 2. The results of the COMET method.

A; Experience Price P; Rank
A 10 38 0.628549 7
A, 1 11 0.500015 10
As 13 21 0.877117 3
Ay 14 12 0.969992 1
As 10 14 0.885690 2
Ag 11 43 0.612846 8
Ay 11 38 0.662836 6
Ag 6 23 0.694967 4
Ay 10 48 0.521425 9
A 3 11 0.671414 5

Single alternative Alternatives set

Experience Price

Result: 0.628549

Result: 0.500015
1 Result: 0.877117
1 Result: 0.969992
1 Result: 0.885690
1@ Result: 0.612846
1 Result: 0.662836
1 Result: 0.694967
1 Result: 0.521425
1 Result: 0.671414

1 13
1" 38
6 23

48

Compute

Fig. 9. Inference of preference for a set of alternatives.

X characteristic objects!

+ decision alternatives

50
+
45
+

40
> + +
w~ 35 F
Ay
=
=30
=
)
E’ 25 F
Ry +

20+ *

I5F +

+
10} + +
0 2 4 6 8 10 12 14 16
Experience [yrs]

Fig. 10. Alternatives and Cos in the space of the problem.

5. Conclusions

The full version of the COMET method was presented for the
first time in the paper [1]. Since then COMET has
continuously been improved, e.g., reduction of the number of
pairwise comparisons [13], [14] or taking into account the
uncertainty of data [6], [8], [15]. Presented software is based
on the classical version of the COMET method and helps to
identify the model with the omission of mathematical

nuances. The COMET method has been used to identify a

decisional model in such multi-criteria problems as:

* assessing the severity of chronic liver disease
3 criteria were used to compare COMET, AHP and
TOPSIS methods according to select the patient with the
worst condition. [16],

¢ the mortality in patients with acute coronary syndrome
assessment — 3 criteria were used to compare analysis
results obtained by COMET, AHP, and TOPSIS methods
[2],

* assessing the 10-year risk of hard arteriosclerotic
cardiovascular disease events — 4 criteria were applied to
identify decisional mini-model [17],

¢ the significance of drainage pumping stations in Poland
— 3 criteria were involved in identifying the multi-criteria
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model by using COMET, which defines the size drainage
pumping stations in Poland [18],

¢ identify the best e-banking websites in Poland — 20
criteria and 21 alternatives have been used to identify
decisional mini-model with 1048576 rules [19],

¢ assessment model of the relationship between editorial
and commercial content in web systems — 3 criteria were
used to present a hybrid approach that combines the
COMET and PROMETHEE II method [20],

* selection of online advertising content for the habituation
effect reduction — 2 criteria were involved in identifying
three different models, which represent different
strategies, by using the COMET method [21],

* the ammonium nitrate transport management — 3 criteria
have been involved in obtaining model, which was
compared to the simple linear model [22],

¢ the electric powered cars selection — 6 criteria were used
to choose the most rational solution, and the interval
numbers concept is proposed [15],

* location assessment for renewable energy sources — 10
criteria were proposed to solve the problem of offshore
wind farm localization [23] and show the modular
approach proposed in [14],

* the electric city buses selection — 3 criteria were used to
compare the classical COMET method and hesitant
fuzzy set (HFS) extension [24].

Future works focus mainly on the further development of the

software, extended software by including new functionalities,

better handling data uncertainty, and generally further
development of the COMET method and its popularization.
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Introduction

In multicriteria decision making/aiding (MCDM/A) additive
models, one of the major challenges is how best to elicit
criteria scaling constants, since these parameters are not
related only to the level of importance of the criteria, but a
scaling factor has also to be considered. Traditional
procedures for preference elicitation in additive models —
such as the traditional tradeoff procedure (Keeney & Raiffa,
1976) and the swing procedure (Von Winterfeldt & Edwards,
1986) — sometimes require decision-makers (DMs) to provide
precise information which they find is difficult and highly
cognitively demanding to do, especially as some
inconsistencies may emerge when this information applied
(Borcherding et al., 1991). This issue has prompted the
development of several methods that work with partial
information as to the DMs’ preferences.

A recently developed partial information method is the
Flexible and Interactive Tradeoff (FITradeoff) method (de
Almeida et al., 2016). By preserving the whole axiomatic
structure of the traditional tradeoff procedure, this method
works based on DMs giving preference statements, which are
obtained by a question-and-answer process, operated while
an interactive Decision Support System (DSS) is being run.
Based on these statements, inequalities with the criteria
weights are obtained and incorporated as constraints into a
linear programming problem (LPP) model, which runs at
each interaction in order to search for potentially optimal
alternatives. When a unique alternative is found to be
potentially optimal, the choice problematic is solved.

Although it has been shown to be a useful approach for
solving choice problems based on the concept of the potential
optimality of the alternatives, the original conception of the
FITradeoff method is only suitable for solving problems
within the scope of the choice problematic. The potential
optimality approach is not sufficient to build a ranking of the
alternatives.

In this context, Frej et al. (2019) developed a new approach
for solving ranking problems based on the whole structured
elicitation process of the FITradeoff method, but which
incorporates the verification of pairwise dominance relations
between alternatives into the mathematical model of
FITradeoff. Based on these relations, it becomes possible to
build a ranking of the alternatives. This method is operated
by means of a Decision Support system, which is described
in the next section.

Decision Support System for the ranking problematic
using FITradeoff

The Decision Support System of the FITradeoff for the
ranking problematic was developed for the Windows
platform. It is available for download on request at
www.fitradeoff.org/download.

First, the DM defines a consequence matrix and some
features of the problem. Then, the DM ranks the criteria
weights according to his/her own preferences, considering the
ranges of consequences in each criterion. This step can be
conducted by making a holistic evaluation of the criteria or
by pairwise comparison.

Once the ranking of criteria weights is completed, an
interactive question-and-answer process starts. In this step,
the DM answers questions in which he/she has to state his/her
preference between two hypothetical alternatives. Fig 1
illustrates an example of a question put to a DM during this
step. The first hypothetical alternative, on the left side of the
screen, has an intermediate outcome for the first-ranked
criterion and the worst possible outcome for all other criteria.
The other hypothetical alternative, on the right side of the
screen, has the best possible outcome for the second-ranked
criterion, and the worst possible outcome for the others. The
DM should decide which of these alternatives he/she prefers
according to his/her preferences.
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- FlTradeoff - Flexible and interactive Tradeoff elicitation procedure for ranking with additive model, code FU-TIONO-CT1
File Help
e ? @
New Open Reset Exit
Presentation Input Flexile Elicitation
Which consequence do you prefer?

Answer the guestions by choosing one option

Consequence A

| Gasor)

Consequence B

=

B1:61.3

B2:71

Een

B3:83

7

5.

= = = = =
s < I I I

B7:40

Note:

Wi is the worst outcome of criterion Gi

Xiis an outcome in between best and worst of criterion Ci
Biis the best outcome of criterion Gi

Varning: We advert that this version indudes some new features that may cause some errors, We apologize for this inconvenience. In order to receive new vef

Fig.1. Elicitation question in FITradeoff DSS.

Based on this preference statement, an inequality involving
the scaling constants of criteria 1 and 2 is obtained. As the
DM answers more questions of this type, more inequalities
are obtained. These inequalities act as constraints for LPP
models that run, at each interaction, in order to search for
pairwise dominance relations between alternatives.

Based on these relations obtained by the LPPs, a partial — or
complete — ranking of the alternatives is built. The more
information the DM gives, the more complete is the ranking.
After each interaction, the DM may visualize the partial
results obtained up until that moment. The DSS provides
graphical visualization of the ranking obtained at that point,
from which it is possible to visualize the dominance relations
between alternatives. Fig 2 illustrates an example of the
ranking visualization diagram of a partial ranking. This
diagram is similar to a Hasse diagram, which has the
transitivity reduction property. This feature makes the
diagram simpler to visualize, and therefore unnecessary
cognitive effort is avoided.

Fig.2. Diagram that displays the ranking in FITradeoff DSS

The question-and-answer process in the DSS is conducted
until a complete ranking of the alternatives is achieved, or the
DM may choose to stop the process before that, if he/she
thinks that the partial ranking obtained is already enough for
his/her purposes.

Final remarks

The DSS of the FITradeoff for the ranking problematic is a
flexible and interactive system for aiding decision-making
processes in which the goal is to build a ranking of the
alternatives. This approach expands the applicability of the
FITradeoff method to a broader range of problems, since the
original conception of FITradeoff was suitable only for
solving choice problematic.

The diagram that enables the ranking to be visualized is a
useful tool incorporated into the DSS that lets DMs have an
idea of how the ranking evolves during the process, based on
the new dominance relations that are obtained at each step
and thus the ranking progressively becomes more and more
refined.
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Abstract

The requirement to assign precise numerical values to model
entities such as criteria weights, probabilities, and utilities is
too strong in most real-life decision situations, and hence
alternative representations and evaluation mechanisms are
important to consider. In this paper, we briefly present the
activities of the company Preference and its main software
products: DecidelT 3.0 decision tool, Decision Wizard, and
Business Risk Solver. The tools are based on a belief mass
interpretation of the decision information, where the
components are imprecise by means of intervals and
qualitative estimates.

Introduction

Preference is a world-leading Swedish company based on
hundreds of research papers, software programs and other IPs
such as patents. The approach favoured by the company is
somewhat original since it takes uncertainty seriously. More
precisely, they view numerically precise probability, utility,
and weight estimates not supported by adequate data or
considerations of symmetry with great suspicion. The same
holds of course for value judgments. Nowadays, the company
is occupied with everything from formal risk and decision
analyses to participatory democracy and has been working
with customers such as Ericsson Telecom, Vattenfall, and
Skanska. Preference develops and maintains the DecidelT
and Preference Decision Wizard decision software packages
for decision analysis, and the Preference Business Risk
Solver for project risk analyses.

There have been many suggestions for how to deal with the
strong requirements of most decision models and tools to
provide precise information, such as the theory of capacities,
sets of probability measures, interval probabilities, evidence
and possibility theories, fuzzy measures, preference rankings
and higher-order probability theory to name just a few in the
extensive literature in the fields. Often these theories require
significant mathematical knowledge and great care on the
part of the decision-maker, and they sometimes include
relatively harsh methods for discriminating between decision
alternatives. Furthermore, the computational complexity can
be high in various respects, which has limited the number of
readily available software packages.

Our software have been successfully used in a variety of
decision situations, such as large-scale energy planning
[Komendatova et al., 2019], demining [Ekenberg et al.,
2017], financial risks [Danielson and Ekenberg, 2018], gold
mining [Mihai et al., 2015], and many others.

Modelling Decision Structures

Our decision tools are based on a combination of probability
based decision trees and multi-criteria hierarchies, where we
evaluate the value of the alternatives as expected values
derived from decision trees under an overall multi-criteria
tree evaluation. Figure 1 shows a combined tree, where the
alternatives’ values under the weight wy, are derived from the
entire underlying probabilistic decision tree.

v2221

Figure 1. Combined multi-criteria and probabilistic representation

Figure 2 shows the multi-criteria multi-stakeholder tool
Decision Wizard, developed for group decisions regarding
infrastructure policymaking [Larsson et al., 2018] in Swedish
municipalities.

Save image
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Figure 2. The Group Decision tool Decision Wizard

Evaluating Probabilistic Multi-Criteria Hierarchies

When evaluating with uncertain information, the Preference
tools utilise belief distributions that indicate the strengths
with which we believe in different values. In the evaluation,
we use different distributions for weight and probabilities and
values because of the normalisation constraints for the former
two; natural candidates are the Dirichlet distribution for
weights and probabilities and two- or three-point
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distributions for values. Using our tools, we can make use of
these distributions in the decision evaluation, providing
strong means for embedded sensitivity analysis. We thus aim
to enable decision-makers and analysts with limited decision
theoretical knowledge to use advanced models but to stay
focused on the decision context. Figure 3 shows an
evaluation window of the DecidelT 3.0 tool, where the final
alternative ranking can be seen as well as the robustness of
the result.

I cHa: Pressure on
CH7: Pressure on

0.6519 CHB: On-site job
06332
p.8287 05846

05334 05233 05487 05334 M CH3: Electricity
0.4701
M CH2: Technology a
Cr. 4: Domestic val
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I CH1: Use of domes
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Mildly confident (80-90 % contraction of intenval)

M Not confident (90+ % contraction of interval)

Figure 3. Stacked bar chart evaluation showing the value
contribution to an alternative from each criterion, together with the
results of a support analysis

Concluding Remarks

It is normally impossible to assign precise numerical values
to the different components of a decision model, and there is
a strong need for representation and evaluation mechanisms
that can handle information incompleteness. We are therefore
building software tools, based on an evaluation method using

a belief mass interpretation of the data involved, where
second-order information can be used for analysing
combined decision trees for real-life problems in a variety of
sectors. Currently, Preference is engaged in the JPI Urban
Europe programme on testing its decision analysis methods
in urban planning with many stakeholders involved.*
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ICDSST 2019 EWG-DSS 5th International Conference on
Decision Support System Technology

Madeira, Portugal

https://icdsst2019.wordpress.com/

e 27-29/5/2019

2019 CORS Conference
Saskatoon, Saskatchewan, Canada
https://www.cors2019.ca

e 5-7/6/2019

EWGLA XXV - EURO Working Group on Location
Analysis

Brussels, Belgium
http://www.vub.ac.be/en/events/ewgla2019

e 9-12/6/2019

INFORMS-ALIO 2019

Cancun, Mexico
http://meetings2.informs.org/wordpress/2019international/

* 10-12/6/2019

INOC 2019 International Network Optimization Conference
Avignon, France

https://inoc2019.sciencesconf.org/

e 11-15/6/2019

GDN 2019 - 19th International Conference on Group
Decision and Negotiation in 2019 a Joint GDN-EWG/BOR
meeting

Loughborough, UK

http://gdnconference.org/gdn2019/
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e 16-21/6/2019

The 25th International Conference on Multiple Criteria
Decision Making (MCDM 2019)

Istanbul, Turkey

http://www.mcdm2019.org/

*  19-21/6/2019

Advances in Decision Analysis Conference

Milan, Italy
http://connect.informs.org/das/conferences#ADA2019

e 23-26/6/2019

EURO 2019

Dublin, Ireland
https://www.euro2019dublin.com/

e 25-28/6/2019

Summer School on Preferences, Decisions and Games,
Paris, France

https://decisionschool.lip6.fr

e 13-17/7/2019

GECCO 2019 - Genetic and Evolutionary Computation
Conference

Prague, Czech Republic

http://gecco-2019.sigevo.org/

e 28-31/7/2019

MIC 2019 - 13th Metaheuristics International Conference
Cartagena de Indias, Colombia
http://mic2019.uniandes.edu.co

*  3-8/8/2019

Sixth International Conference on Continuous Optimization
(ICCOPT)

Berlin, Germany

https://iccopt2019.berlin/

e 28-30/8/2019

9th IFAC Conference on Manufacturing Modeling,
Management and Control MIM 2019

Berlin, Germany

https://blog.hwr-berlin.de/mim2019

*  3-6/9/2019

Operations Research 2019
Dresden, Germany
http://tu-dresden.de/or2019

e 4-7/9/2019

ODS2019 - XLIX Annual Meeting of AIRO - Italian
Operations Research Society

Genova, Italy

http://www.airoconference.it/ods2019/

*  12-14/9/2019

EUROGEN 2019 Conference - Evolutionary and
Deterministic Methods for Design, Optimization and Control
with Applications to Industrial and Societal Problems
Guimaraes, Portugal

http://eurogen2019.dep.uminho.pt

e 18-20/9/2019

EURO Mini Conference. Modelling and Simulation of
Social-Behavioural Phenomena in Creative Societies
(MSBC-2019)

Vilnius, Lithuania

http://www.msbc2019.mii.vu.lt/

e 18-20/9/2019

EWGT 2019 - 22nd edition of the Euro Working Group of
Transportation Meeting

Barcelona, Spain

https://ewgt19.upc.edu/en

e 18-20/9/2019

2nd KTU Big Data school
Kaunas, Lithuania
https://bigdataschool.ktu.edu

e 19-20/9/2019

Workshop on Robust Optimization

Universitit Siegen, Germany
https://www.wiwi.uni-siegen.de/goerigk/workshop/ro-
workshop2019.html

e 25-27/9/2019

SOR '19 The 15th International Symposium on Operations
Research in Slovenia

Bled, Slovenia

http://sor19.fov.uni-mb.si/

e 26-28/9/2019

90th Meeting of EURO Working Group on MCDA
IMT Atlantique, Brest, France
http://conferences.imt-atlantique.fr/mcda90

e 26-28/9/2019

Medicon 2019

Coimbra, Portugal
http://www.medicon2019.org/

e 20-23/10/2019

2019 INFORMS Annual Meeting

Seattle, USA
http://meetings2.informs.org/wordpress/seattle2019/

e 25-27/10/2019

EWG on Preference Handling Annual meeting @ 6th
International Conference on Algorithmic Decision Theory
Durham, NC, USA

https://conferences.fuqua.duke.edu/adt/

e 28-31/10/2019

MOPGP2019 1Int. Conference on Multiple
Programming and Goal Programming
Marrakech, Morocco

http://www.mopgp.org

Objective

e 25-29/11/2019
Summer School on Model-Based Decision Analysis 2019
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UNSW Canberra, Australia
https://www.unsw.adfa.edu.au/capability-systems-
centre/events/summer-school-model-based-decision-analysis-
2019

e 8-11/12/2019

2019 Winter Simulation Conference

Maryland, USA
http://meetings2.informs.org/wordpress/wsc2019/

*  April 2020

91st Meeting of EURO Working Group on MCDA
Ispra, Italy

http://www.cs.put.poznan.pl/ewgmcda/

e 26-28/4/2020

2020 INFORMS Conference on Business Analytics &
Operations Research

Gaylord Rockies, Aurora, Colorado, USA
https://www.informs.org/Meetings-Conferences/INFORMS-
Conference-Calendar

e 21-26/7/2020
IFORS 2020
Seoul, South Korea

www.informs.org

*  September 2020

92nd Meeting of EURO Working Group on MCDA
Budapest, Hungary
http://www.cs.put.poznan.pl/ewgmcda/

e 8-11/11/2020

2020 INFORMS Annual Meeting National Harbor

Gaylord National Resort and Convention Center, Maryland,
USA
https://www.informs.org/Meetings-Conferences/INFORMS-
Conference-Calendar

e April 2021

93rd Meeting of EURO Working Group on MCDA
Cracow, Poland
http://www.cs.put.poznan.pl/ewgmcda/

e 11-13/4/2021

2021 INFORMS Business Analytics Conference

Hyatt Regency Grand Cypress, Orlando, Florida, USA
https://www.informs.org/Meetings-Conferences/INFORMS-
Conference-Calendar

o 11-14/7/2021

EURO 2021

Athens, Greece
https://www.euro-online.org

Seminars
SEMINAIRE «Aide a la décision»

Responsable: Daniel VANDERPOOTEN
(le mardi de 13h45 a 15h15)

Prochaines reunions

11 June 2019 - Conférence de Stéphane Airiau

LAMSADE - Université Paris Dauphine

Génération d'Emploi du Temps: un étude sur le département
MIDO

Web site for Annoucements and Call for Papers:
Www.cs.put.poznan.pl/ewgmcda

Books

New Perspectives in Multiple Criteria Decision
Making

Doumpos, M., Figueira, J.R., Greco, S., Zopounidis, C.

This book provides comprehensive coverage of the latest
research on multiple criteria research analysis (MCDA) and
related areas, gathering a collection of high-quality chapters
prepared by leading scholars in the field. By covering the
established streams in MCDA research and simultaneously
exploring new and emerging areas of application, it offers a
unique reference resource for the future development of
MCDA. The book approaches MCDA as one of the most
active areas in operations research and management science
(OR/MS). It presents not only the significant advances
achieved to date, but also the new opportunities and
challenges arising for both the theory and practice of MCDA.
Among many others, the book addresses behavioral and
conceptual aspects of decision aiding and decision making,
problem structuring issues in the framework of new
technological and socio economic advances, methodological
and algorithmic advances for analytical modeling and
decision aiding, as well as a number of new application areas
in engineering, business, and the social sciences.
https://www.springer.com/gp/book/9783030114817

Call for Participation: International Summer
School on "Preferences, Decisions and Games"

June 25-28, 2019, LIP6, Sorbonne University, Paris, France
https://decisionschool.lip6.fr/
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Purpose and Intended Audience

The purpose of the Summer School is to bring together PhD
students, postdoctoral researchers, and researchers interested
in mathematical and computational aspects of preference
modeling, decision making and game theory. We expect
participants  with  different backgrounds (Operations
Research, Artificial Intelligence, Economics). During 4 days,
the instructional program will involve two types of activities:
lectures given by prominent scientists and workshops during
which participants to the school will have the opportunity to
present their research and exchange ideas.

Lectures
Denis Bouyssou (CNRS, Paris Dauphine University):
Preference Modeling.

—  Matthias Ehrgott (Lancaster University):
Multiobjective Combinatorial Optimization.
— Jirgen Eichberger (University of Heidelberg):

Decision Under Uncertainty and Risk.

Michel Grabisch (Paris 1 University): Preference
Aggregation with Interacting Criteria.

Eyke Hiillermeier (Paderborn University): Preference
Learning and Recommendation.

—  Christophe Labreuche (Thalés Research and
Technology): Multicriteria Decision Making in
practice.

Jérome Lang (CNRS, Paris Dauphine University):
Computational Social Choice.

Patrice Perny (Sorbonne University): Preference-based
Optimization.

Agnieszka Rusinowska (CNRS, CES, Paris School of
Economics): Opinion Dynamics in Networks.

— Philippe Solal (Jean Monnet University): Game
Theory.
— Stéphane Zuber (CNRS, CES, Paris School of

Economics): Inequality Measurement.

The school will be held at Sorbonne University in the center
of Paris and is supported by the CNRS (Ecole thematique du
CNRS) and by GDR RO (French national group in
Operational Research) and LIP6 lab.

Information on the organisation, application procedure and
fees are given on https://decisionschool.lip6.fr/

Important Dates:
Dealine for application : April 30th, 2019.
Notification of acceptance: May 15th, 2019.

Contact: patrice.perny@lip6.fr |
denis.bouyssou@dauphine.fr | michel.grabisch@univ-

parisl.fr

Call for the “Bernard Roy Award of the EURO
Working Group on Multiple Criteria Decision
Aiding” (Bernard Roy Award of EWG MCDA)

Policy:

- The Bernard Roy Award of EWG MCDA is a recognition
conferred to a researcher under 40 years old for an
outstanding contribution to the methodology and/or
applications of Multiple Criteria Decision Aiding (MCDA).

- The award will be officially bestowed at the opening
session of the EWG 2019 Autumn meeting in Brest, France
(https://mcda90.sciencesconf.org/), if there is a suitable
candidate. In this case, following a presentation of the
competition by the chair of the Jury, the laureate will be
invited to give a talk.

Award:

The laureate then will receive the financial award (1000
EUR) and the diploma.

Eligibility:

- The Bernard Roy Award of EWG MCDA shall be awarded
for a body of work in MCDA, preferably published over
the last decade. Although recent work will not be excluded,
care shall be taken to allow the contribution to stand the
test of time.

- The potential award recipient shall have a recognized
stature in the MCDA community. Significance, innovation,
depth, and scientific excellence shall be emphasized.

Nominations:

- Candidates can be nominated by any three members of the
EURO WG on MCDA.

- A candidature for the Bernard Roy Award of EWG MCDA
is composed of the nomination letter along with a recent
and detailed CV, up to 5 best publications, as well as a self-
description of the achievements up to 3 page long in a
standard manuscript format. The nominations must be sent
to the Jury chair by the due date of July, 31st 2019.

Selection process:

- Only one award may be assigned on each occasion.

- One person may receive the award at most once in her/his
lifetime.

- The jury evaluates the nominees essentially on the basis of
their scientific activities (papers in top journals, editorials,
relevance  of  methodological  proposals  and/or
applications...).

Jury: The jury for the current edition is composed of

Professors Iréne Abi-Zeid, Nuria Agell, José Rui Figueira

(chair), Benedetto Matarazzo, and Yannis Siskos.

Timing:

- Deadline for nominations: July, 31st 2019

- The Jury chair informs the EWG coordinators who invite
the laureate to the meeting: August 31st 2019.

- Preparation of the diploma by the EWG coordinators.
Presentation of the laureate and her/his talk during the
EURO WG on MCDA Autumn meeting. An electronic
copy of the laureate's presentation handed over to the EWG
coordinators will be made available on the EWG on
MCDA Web Site.

Applications should be sent to Jos¢ Rui Figueira at:

figueira@tecnico.ulisboa.pt
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Articles Harvest

(This section is prepared by Salvatore CORRENTE,
salvatore.corrente@unict.it)

(Ai-Chih) Chang, J., Lu, H., (Junmin) Shi, J. (2019).
Stockout risk of production-inventory systems with
compound Poisson demands. Omega, 83, 181-198.
Abdelhameed, S.A., Moussa, S.M., Khalifa, M.E. (2019).
Restricted Sensitive Attributes-based Sequential
Anonymization (RSA-SA) approach for privacy-preserving
data stream publishing. Knowledge-Based Systems, 164, 1-
20.

Abdelmaguid, T.F., Elrashidy, W. (2019). Halting decisions
for gas pipeline construction projects using AHP: a case
study. Operational Research, 19(1), 179-199.

Abolghasem, S., Solano, F., Bedoya, C.D., Navas, L.P., Pios,
A.P., Pinzon, E.A., Medaglia, A.L., Sarmiento, O.L. (2019).
A robust DEA-centric location-based decision support system
for expanding Recreovia hubs in the city of Bogota
(Colombia). International Transactions in Operational
Research, 26(4), 1157-1187.

Abooshahab, M.A., Ekramian, M., Ataei, M., Ebrahimpour-
Boroojeny, A. (2019). Time-Delay Estimation in State and
Output Equations of Nonlinear Systems Using Optimal
Computational Approach. Journal of Optimization Theory
and Applications, 180(3), 1036-1064.

Afshari, H., Jaber, M.Y., Searcy, C. (2019). Investigating the
effects of learning and forgetting on the feasibility of
adopting additive manufacturing in supply chains. Computers
& Industrial Engineering, 128, 576-590.

Aggarwal, M. (2019). Confidence soft sets and applications
in supplier selection. Computers & Industrial Engineering,
127, 614-624.

Aggarwal, M. (2019). Modelling subjective utility through
entropy. Journal of the Operational Research Society, 70(4),
634-654.

Ahire, S.L., Pekgiina, P. (2018). Harvest Hope Food Bank
optimizes its promotional strategy to raise donations using
integer programming. Interfaces, 48(4), 291-306.

Ahmed, F., Kilic, K. (2019). Fuzzy Analytic Hierarchy
Process: A performance analysis of various algorithms.
Fuzzy Sets and Systems, 362, 110-128.

Ahmed, L., Mumford, C., Kheiri, A. (2019). Solving urban
transit route design problem using selection hyper-heuristics.
European Journal of Operational Research, 274(2), 545-559.
Ahrari, A., Deb, K. (2018). A Novel Class of Test Problems
for Performance Evaluation of Niching Methods. IEEE
Transaction on Evolutionary Computation, 22(6), 909-919.
Akgiin, 1., Erdal, H. (2019). Solving an ammunition
distribution network design problem using multi-objective
mathematical modeling, combined AHP-TOPSIS, and GIS.
Computers & Industrial Engineering, 129, 512-528.

Al Chami, Z., Manier, H., Manier, M.-A. (2019). A
lexicographic approach for the bi-objective selective pickup

and delivery problem with time windows and paired
demands. Annals of Operations Research, 273(1-2), 237-255.
Alavi Fard, F., He, J., Ivanov, D., Jie, F. (2019). A utility
adjusted newsvendor model with stochastic demand.
International Journal of Production Economics, 211, 154-
165.

Aleskerov, F., Shvydun, S. (2019). Allocation of Disputable
Zones in the Arctic Region. Group Decision and Negotiation,
28(1), 11-42.

Alikhani, R., Torabi, S.A., Altay, N. (2019). Strategic
supplier selection under sustainability and risk criteria.
International Journal of Production Economics, 208, 69-82.
Alipouri, Y., Sebt, M.H., Ardeshir, A., Chan, W.T. (2019).
Solving the FS-RCPSP with hyper-heuristics: A policy-
driven approach. Journal of the Operational Research
Society, 70(3), 403-419.

Allawi, M.F., Jaafar, O., Mohamad Hamzah, F., Koting, S.B.,
Mohd, N.S.B., El-Shafie, A. (2019). Forecasting hydrological
parameters for reservoir system utilizing artificial intelligent
models and exploring their influence on operation
performance. Knowledge-Based Systems, 163, 907-926.
Allen, T.T., Roychowdhury, S., Liu, E. (2018). Reward-
based Monte Carlo-Bayesian reinforcement learning for
cyber preventive maintenance. Computers & Industrial
Engineering, 126, 578-594.

Almehdawe, E., Jewkes, B., He, Q.-M. (2019). Optimization
in a two-stage multi-server service system with customer
priorities. Journal of the Operational Research Society, 70(2),
326-337.

Almeida, B.F., Correia, 1., Saldanha-da-Gama, F. (2019).
Modeling frameworks for the multi-skill resource-
constrained project scheduling problem: a theoretical and
empirical comparison. International Transactions in
Operational Research, 26(3), 946-967.

Almohri, H., Chinnam, R.B., Colosimo, M. (2019). Data-
driven analytics for benchmarking and optimizing the
performance of automotive dealerships. International Journal
of Production Economics, 213, 69-80.

Algahtani, A.Y., Gupta, S.M., Nakashima, K. (2019).
Warranty and maintenance analysis of sensor embedded
products using internet of things in industry 4.0. International
Journal of Production Economics, 208, 483-499.

Al-Siyabi, M., Amin, G.R., Bose, S., Al-Masroori, H. (2019).
Peer-judgment risk minimization using DEA cross-evaluation
with an application in fishery. Annals of Operations
Research, 274(1-2), 39-55.

Alsolami, F., Amin, T., Chikalov, 1., Moshkov, M. (2018).
Bi-criteria optimization problems for decision rules. Annals
of Operations Research, 271(2), 279-295.

Amindoust, A. (2018). A resilient-sustainable based supplier
selection model using a hybrid intelligent method. Computers
& Industrial Engineering, 126, 122-135.

Amoako-Gyampah, K., Boakye, K.G., Adaku, E., Famiyeh,
S. (2019). Supplier relationship management and firm
performance in developing economies: A moderated
mediation analysis of flexibility capability and ownership
structure. International Journal of Production Economics,
208, 160-170.

An, Q., Wen, Y., Ding, T., Li, Y. (2019). Resource sharing
and payoff allocation in a three-stage system: Integrating
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network DEA with the Shapley value method. Omega, 85,
16-25.

Angelopoulos, D., Siskos, Y., Psarras, J. (2019).
Disaggregating time series on multiple criteria for robust
forecasting: The case of long-term electricity demand in
Greece. European Journal of Operational Research, 275(1),
252-265.

Anholcer, M., Fiilop, J. (2019). Deriving priorities from
inconsistent PCM using network algorithms. Annals of
Operations Research, 274(1-2), 57-74.

Antczak, T. (2019). Exactness of the absolute value penalty
function method for nonsmooth (®,p)-invex optimization
problems. International Transactions in Operational
Research, 26(4), 1504-1526.

Antheaume, N., Thiel, D., de Corbiére, F., Rowe, F., Takeda,
H. (2018). An analytical model to investigate the economic
and environmental benefits of a supply chain resource-
sharing scheme based on collaborative consolidation centres.
Journal of the Operational Research Society, 69(12), 1888-
1902.

Aouam, T., Vanhoucke, M. (2019). An agency perspective
for multi-mode project scheduling with time/cost trade-offs.
Computers and Operations Research, 105, 167-186.

Aouni, B., Doumpos, M., Pérez-Gladish, B., Steuer, R.E.
(2018). On the increasing importance of multiple criteria
decision aid methods for portfolio selection. Journal of the
Operational Research Society, 69(10), 1525-1567.

Aragdo, D.P., Novaes, A.G.N., Luna, M.M.M. (2019). An
agent-based approach to evaluate collaborative strategies in
milk-run OEM operations. Computers & Industrial
Engineering, 129, 545-555.

Arana-Jiménez, M., Blanco, V. (2019). On a fully fuzzy
framework for minimax mixed integer linear programming.
Computers & Industrial Engineering, 128, 170-179.

Aravkin, A.Y., Burke, J.V., Drusvyatskiy, D., Friedlander,
M.P., Roy, S. (2019). Level-set methods for convex
optimization. Mathematical Programming, 174(1-2), 359-
390.

Arbib, C., Felici, G., Servilio, M. (2019). Common operation
scheduling with general processing times: A branch-and-cut
algorithm to minimize the weighted number of tardy jobs.
Omega, 84, 18-30.

Ardjmand, E., Shakeri, H., Singh, M., Sanei Bajgiran, O.
(2018). Minimizing order picking makespan with multiple
pickers in a wave picking warehouse. International Journal of
Production Economics, 206, 169-183.

Arlotto, A., Frazelle, A.E., Wei, Y. (2019). Strategic open
routing in service networks. Management Science, 65(2),
735-750.

Arnold, F., Gendreau, M., Soérensen, K. (2019). Efficiently
solving very large-scale routing problems. Computers and
Operations Research, 107, 32-42.

Arnold, F., Sorensen, K. (2019). Knowledge-guided local
search for the vehicle routing problem. Computers and
Operations Research, 105, 32-46.

Artigues, C., Bourreau, E., Jost, V., Kedad-Sidhoum, S.,
Ramond, F. (2018). Trains do not wvanish: the
ROADEF/EURO challenge 2014. Annals of Operations
Research, 271(2), 1091-1105.

Asadabadi, M.R. (2018). The stratified multi-criteria
decision-making method. Knowledge-Based Systems, 162,
115-123.

Asafuddoula, M., Verma, B., Zhang, M. (2018). A Divide-
and-Conquer-Based Ensemble Classifier Learning by Means
of Many-Objective Optimization. IEEE Transaction on
Evolutionary Computation, 22(5), 762-777.

Asdaghi, F., Soleimani, A. (2019). An effective feature
selection method for web spam detection. Knowledge-Based
Systems, 166, 198-206.

Asefi, H., Lim, S., Maghrebi, M., Shahparvari, S. (2019).
Mathematical modelling and heuristic approaches to the
location-routing problem of a cost-effective integrated solid
waste management. Annals of Operations Research, 273(1-
2), 75-110.

Assimizele, B., Royset, J.O., Bye, R.T., Oppen, J. (2018).
Preventing environmental disasters from grounding
accidents: A case study of tugboat positioning along the
Norwegian coast. Journal of the Operational Research
Society, 69(11), 1773-1792.

Aswani, A. (2019). Statistics with set-valued functions:
applications to  inverse approximate  optimization.
Mathematical Programming, 174(1-2), 225-251.

Avci, M.G. (2019). Lateral transshipment and expedited
shipping in disruption recovery: A mean-CVaR approach.
Computers & Industrial Engineering, 130, 35-49.

Azad, N., Hassini, E. (2019). Recovery strategies from major
supply disruptions in single and multiple sourcing networks.
European Journal of Operational Research, 275(2), 481-501.
Baber, W.W. (2018). Identifying Macro Phases Across the
Negotiation Lifecycle. Group Decision and Negotiation,
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Babonneau, F., Haurie, A. (2019). Energy technology
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diversity. Computers & Industrial Engineering, 130, 187-197.
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based on multivariate techniques:
Operational Research, 19(1), 237-267.
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(www.cs.put.poznan.pl/ewgmcda)

is being enlarged. Contributions of URL links to societies,
research groups and other links of interest are welcome.

A membership directory of the European Working Group on
“Multiple Criteria Decision Aiding” is available at the same
site. If you would like to be listed in this directory please
send us your data (see examples already in the directory).

Contact: José Rui Figueira (figueira@ist.utl.pt)

Announcement:

The “Useful links” section of the group’s homepage

Web site for the EURO Working Group “Multicriteria
Aid for Decisions”

A World Wide Web site for the EURO Working Group on
“Multicriteria Aid for Decisions” is already available at the
URL:

http://www.cs.put.poznan.pl/ewgmcda/

Web site Editor: Milosz Kadzinski
(Milosz.Kadzinski@cs.put.poznan.pl)

This WWW site is aimed not just at making available the
most relevant information contained in the Newsletter
sections, but it also intends to become an online discussion
forum, where other information and opinion articles could
appear in order to create a more lively atmosphere within the

group.
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