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Multi-Stage Investment Models for Renewable Capacity Expansion
in Power Systems Under Uncertainty
R. Domínguez Martín

1

, M. Carrión Ruiz Peinado

2

R. Domínguez Martín (Assistant Professor).- Ruth Domínguez Martín received the Ingeniero Industrial
degree and the PhD degree from University of Castilla-La Mancha, Ciudad Real (Spain) in 2010 and 2015,
respectively. She is currently workin as an Assistant Professor at University of Castilla-La Mancha, Toledo
(Spain). Her research interests are planning, operations, and economics of power systems.

Renewable generating capacity needs to be significantly increased in power systems if the effects of global
warming aim to be mitigated. Moreover, due to the
high uncertainty involved in long-term planning exercises, investment decisions are usually made in several
stages as uncertainty unfolds over time. Stochastic
programming was proved to be a good mathematical tool to represent the uncertainty in the decisionmaking process [1]. However, multi-stage stochasticprogramming models usually lead to computational intractability. In this work, we propose a multi-stage
investment model in renewable generating capacity in
which the uncertainty related to the demand growth
and the investment costs of generating units is considered, as well as the variability of the renewable production throughout the year. The proposed model is
solved under four different approaches: first, a multistage stochastic-programming problem; second, a linear decision rule (LDR) approach [2]; third, a two-stage
stochastic-programming problem solved under a rolling
window procedure; and fourth, the results obtained
from these models are compared with the deterministic equivalent one. We assume that the uncertain
parameters, namely the investment costs and the demand growth, take values within confidence intervals
whose size is determined through an uncertainty level.
To make all models comparable, the scenarios used to
define the values of the uncertain parameters in the
stochastic programming model are determined within
those confident intervals.

The capacity expansion exercise is studied through different planning situations, i.e. it is analyzed the influence of the number of decision stages over the results.
Additionally, the results obtained from each optimization approach are compared. Finally, an out-of-sample
analysis is carried out in order to compare the performance of the MS and the LDR models.

Numerical results are provided through a case study
based on the IEEE 24-node Reliability Test System
(RTS) [3] and using realistic data obtained from the
system operator of Texas [4]. In this case study we
consider the possibility of building renewable capacity
in the power system in order to counteract the thermal
capacity decommissioned during the planning horizon.

[2] Kuhn D., Wiesemann W., Georghiou A. (2011). Primal and
dual linear decision rules in stochastic and robust optimization. Math Program, 130, pp. 199–209.

1 Department
2 Department

The main results obtained from this work are twofold:
first, the LDR approach allows to solve the multi-stage
capacity expansion problem in a reasonable time, while
the outcomes obtained from this approach are comparable to those of the stochastic programming approach;
second, considering a large number of decision stages
allows a better representation of the decision process
and the uncertain parameters, which results in comparatively lower total costs.
Key words: Capacity expansion; Linear decision rules;
Multi-stage planning; Renewable units; Stochastic programming.
Acknowledgements R. Domínguez and M. Carrión
are partly supported by Ministry of Economy and Competitiveness of Spain through CICYT project DPI2015-71280R.
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A unified stochastic modelling framework for the spread of
nosocomial infections
M. López-García

1

M. López-García (Assistant Professor).- Martín López García finished his graduate studies in Mathematics at the University of Alicante, in 2009. From 2009 to 2013, he held a FPI research fellowship
from the Spanish Government, at the Complutense University of Madrid. He was awarded, on July 2013,
a PhD degree in Mathematics, with the first-class qualification of Pass Cum Laude, under the supervision of Antonio Gómez-Corral. Until September 2016, he was a Postdoctoral Research Fellow in the
Mathematical Biology and Medicine Group at the University of Leeds, as part of the project Vascular
Receptor-Ligand Programming: Stochastic Modeling of Cellular Fate. Nowadays, he is a Lecturer in the
School of Mathematics at the University of Leeds, and an MRC fellow, being the PI for the MRC funded
project Mathematical modelling of the emergence and spread of antibiotic resistant bacteria in healthcare
settings: a stochastic approach. In this project, his aim is to develop new stochastic models regarding the
spread of bacteria in hospital settings.
outbreak. The reproduction number R(i) of an individual at sub-group i (e.g., the reproduction number
of a colonized patient in the ward, or a contaminated
HCW), is defined as the number of infections caused by
this individual during his/her infectious period . This
is studied in terms of its probability distribution
P(R(i) = n), n ≥ 0

The risk of acquiring nosocomial (i.e., hospitalacquired) infections is a recognized problem in health
care facilities worldwide. The emergence of antibiotic resistance among these pathogens has posed a second major problem, stressing the need for understanding their transmission routes in health care facilities
[1]. Infection control strategies usually implemented in
hospital settings include, among others, hand disinfection procedures, environmental cleaning and isolation
of colonized individuals [2]. In recent years, mathematical modelling has proven to be a robust tool for understanding the role played by different factors on the
emergence and spread of these pathogens in health care
facilities, while measuring the impact of these strategies [1].

which we compute by means of first-step arguments,
and by solving significantly large systems of linear
equations in an efficient matrix-oriented way.
This unified approach also allows one to study the different infection transmission routes playing a significant role during a nosocomial outbreak. To this aim,
we focus on the reproduction number R(i) (j) of an
individual at sub-group i among individuals at subgroup j, 1 ≤ j, i ≤ M , which can be analysed in
a similar way. For example, if value i refers to the
group of colonized patients, while j amounts to noncontaminated HCWs, quantity R(i) (j) is an infectiousness measure of colonized patients among HCWs. Finally, our numerical results highlight the importance
of maintaining high hand-hygiene compliance levels by
HCWs, support control strategies involving to increase
environmental cleaning during nosocomial outbreaks,
and show the potential of some HCWs to act as superspreaders during these outbreaks.

In this work, we propose a versatile unified stochastic
modelling framework, in terms of a multi-compartment
SIS epidemic model with detection, that allows one
to analyse the spread dynamics of a nosocomial outbreak while accounting for spontaneous colonization of
patients, patient-to-staff and staff-to-patient contamination/colonization, environmental contamination, patient cohorting, room configuration of the hospital
ward, staff hand-washing compliance levels, the presence of different types of HCWs or specific staff-patient
contact network structures. Moreover, we show how
this unified modelling framework comprehend, as particular cases, many of the existing models in the field.

Key words: Nosocomial infections; continuous-time
Markov chains; summary statistics; infection control.

In particular, for individuals in a given hospital ward
split into M sub-groups (e.g., colonized/non-colonized
patients, contaminated/non-contaminated health care
workers (HCWs),...), we consider a multi-compartment
SIS epidemic model in terms of the Markovian process
X = {(I1 (t), . . . , IM (t)) : t ≥ 0}, where Ij (t) represents the number of infective individuals at time t ≥ 0
at group j. Our modelling approach allows for the exact and analytical study of the reproduction number of
each agent at the hospital ward during the nosocomial
1 Dpt.

Acknowledgements This research is funded by the
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A new lifting theorem for vertex packing problems
M. Pelegrín

1

A vertex packing in an undirected graph G = (V, E) is
a subset of nodes P ⊆ V such that every pair u, v ∈ P
satisfies (u, v) ∈
/ E. The set of all vertex packings of
G, usually denoted by PG , can be identified with the
feasible region of the following integer program
nX
(VP) max
xv : xu + xv ≤ 1 ∀(u, v) ∈ E,

Some known facet-defining graphs are cliques and odd
holes [1], webs [2], wheels [3] and hanks, fans, grilles
and ranges [4, 5].
Key words: vertex packing; facet; facet-defining graph;
lifting.
Acknowledgements The authors acknowledge that
research reported here was supported by Spanish
Ministerio de Economía y Competitividad, project
MTM2015-65915-R, Ministerio de Educación, Cultura y Deporte, PhD grant FPU15/05883, Fundación
Séneca de la Consejería de Educación de la Comunidad Autónoma de la Región de Murcia, project
19320/PI/14 and Fundación BBVA, project “Costsensitive classification. A mathematical optimization
approach" (COSECLA).

v∈V

xv ∈ {0, 1}

o
∀v ∈ V ,

where xv = 1 iff v is in the vertex packing. We call
integer polytope the convex hull of the feasible points
of (VP), i.e.:
BG = conv{x ∈ {0, 1}n : xu + xv ≤ 1

, A. Marín1

∀(u, v) ∈ E}.

In this work, we give a general procedure to obtain
facets of BG , under certain conditions. An inequality
πx ≤ π0 is a facet of a general polytope P of dimension
n if:

References
[1] Padberg, M. W. (1973). On the facial structure
of set packing polyhedra. Math. Program., 5, pp.
199–215.

1. (validity) every x ∈ P satisfies πx ≤ π0 and
2. (maximality) there exist n affinely independent
vectors xi ∈ P satisfying πxi = π0 , i = 1, . . . , n.

[2] Trotter, L. E. (1975). A class of facet-producing
graphs for vertex packing polyhedra. Discret.
Math., 12, pp. 373–388.

That is, a facet is a face of a polytope that has maximal
dimension. We present a theorem to transform a facet
of BG into a facet of BG∗ when G is a subgraph of G∗
and both G and G∗ have a particular structure. Such
transformation is usually known as lifting, since the
initial facet is “lifted" to a facet of higher dimension.
Finally, we introduce some new facet-defining graphs
obtained with our theorem, that is, graphs that have
associated facets with all coefficients strictly positive.
Facet-defining graphs provide us with valid inequalities of BG when they are present as subgraphs of G
(which could also be lifted to obtain facets of BG ).

[3] Cheng, E., Cunningham, W. H. (1997). Wheel
inequalities for stable set polytopes. Math. Program., 77, pp. 389–421.
[4] Cánovas, L., Landete, M., Marín, A. (2000). New
facets for the set packing polytope. Oper. Res.
Lett., 27, pp. 153–161.
[5] Landete, M. (2001). Obtención de facetas de
poliedros asociados a problemas de empaquetamiento. PhD Thesis, University of Murcia.
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Branch&Price approaches for the Discrete Ordered Median Problem
S. Deleplanque1 , M. Labbé2 , D. Ponce
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D. Ponce (Postdoctoral Researcher).- Diego Ponce studied Industrial Chemical Engineering and Management Engineering at Politécnica University of Cartagena. After a short period in which he took
some Operational Research courses at University of Murcia, he went on to obtain a MSc in Advanced
Mathematics at University of Sevilla. Then, he wrote his PhD thesis entitled The DOMP revisited: new
formulations, properties and algorithms, under the joint supervision of Justo Puerto (University of Sevilla)
and Martine Labbé (Université Libre of Bruxelles). The joint supervision led to my obtaining the degrees
of Doctor in Mathematics from the University of Sevilla and Doctor in Sciences from the Université Libre
of Bruxelles. Currently, he is working as a postdoctoral researcher at University of Sevilla, collaborating with University of Brussels. He is interested in extending his results to other areas of research such
as finance, data analysis or industrial problems. His research interests has recently taken him into the
field of Data Analysis (regression, clustering, prediction, cluster-wise regression, segmented regression,
etc). Additionally, he enjoys doing research in a broad range of combinatorial optimization problems. In
particular, he is interested in the fields of Location, Logistics and Routing.
over a set formulation which leads to a Branch & Price
method. These new formulations, allow us to gain
some insights on the polyhedral structure of the DOMP
that advance the knowledge of this problem over what
was known previously.

The Discrete Ordered Median Problem (DOMP) is a
modeling tool that provides flexible representations of
a large variety of problems, which include most of the
classical discrete location problems.
For the sake of comprehension, let us give a brief explanation of DOMP (see [1] for more information). Let
C be the cost matrix, cij is the cost to serve the demand point i with facility j. We have n demand points,
which at the same time are the candidate sites to be
facilities. Let I be the set of demand points and let
J be the set of servers, such that J ⊆ I, the DOMP
is characterized by a set of constraints: the problem
must have exactly p facilities, where 1 ≤ p ≤ n and
every client must be served.

Regarding the column generation approach, DOMP is
formulated as a set partitioning problem using an exponential number of variables. Each variable corresponds
to a set of demand points allocated to the same facility with the information of the sorting position of
their corresponding costs. We develop a column generation approach to solve the continuous relaxation of
this model. Then, we apply a branch-cut-and-price algorithm to solve to optimality small to moderate size
of DOMP in competitive computational time.

In order to define the objective function in DOMP,
we need to calculate the vector c. This vector has
n components, which are the sorted cost for each location, i.e. ci (J) = min cij . By means of a permu-

Key words: Location problems; Discrete Ordered Median Problem; Combinatorial Optimization; Column
Generation; Branch-and-cut-and-price.

j∈J

tation we obtain the vector c≤ , such that it satisfies
c1≤ (J) ≤ · · · ≤ cn≤ (J).

Acknowledgements This work has been partially supported by the project FQM-5849 (Junta de Andalucía
\FEDER) and the Interuniversity Attraction Poles Programme P7/36 COMEX initiated by the Belgian Science
Policy Office.

Then, we have to solve next problem
min
J

n
X

λk ck≤ (J),

References

k=1

where λ is a n-vector with λk ≥ 0 ∀k.

[1] Nickel, S., Puerto, J. (2005) Location Theory: A Unified
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In this talk we present new formulations for the DOMP
and a novel embedding based on set packing constraints ([2]) on a column generation approach built

[2] Labbé, M., Ponce, D., Puerto, J. (2017). A Comparative
Study of Formulations and Solution Methods for the Discrete Ordered p-Median Problem. Computers & Operations
Research, 78, pp. 230–242.
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Optimization of gas transmission networks: a two-step sequential
linear programming algorithm for NLP and MINLP problems
Ángel M. González-Rueda

1

, Julio González-Díaz 2 , María P. Fernández de Córdoba

3

A. M. González-Rueda (PhD Student).- Ángel Manuel González Rueda was born in 1988 in Boiro (Spain).
He received his BSc in Mathematics from University of Santiago de Compostela in 2011, and his MSc
in Engineering Mathematics from Complutense University of Madrid in 2012. He is a PhD candidate in
Statistics and Operation Research from the University of Santiago de Compostela and he is funded by a
FPU Grant (University Professors Formation). His research is focused on cooperative game theory and
operations research. He collaborates on projects for the transfer of mathematics to the industry. Nowadays, he participates in a project with a company belonging to the Spanish gas transport network, and
his doctoral dissertation is focused on problems related to this theme. He belongs to SaGaTh (Santiago
Game Theory research group).

In this talk we present a mathematical programming
model for the optimal management of gas transmission networks. We propose a two-step sequential linear programming algorithm for solving it that leads
to a general heuristic approach for mixed-integer nonlinear optimization problems. Sequential linear programming (SLP) is a widely used approach to deal
with complex nonlinear optimization problems. Informally, it consists of an iterative procedure which, at
each step, works with a linearization of the problem
around the current solution. This solution is then updated by moving, withing a given trust region, in the
direction of the optimum of the linear programming
(LP) problem at hand. The first stage of the algorithm we propose builds upon a natural modification
of the above idea: no trust region is considered during the iterative process. At each iteration we move
to the optimum of the LP problem at hand and use
it for the new linearization. We study to what extent this modification preserves the theoretical properties of the classic SLP. Importantly, this modification
can be immediately applied to MINLP problems. In
the second step, all the integer variables are fixed according to the solution obtained in the first stage and
the penalty successive linear programming algorithm
([2], [1, Section 10.3]) is applied. This heuristic has al-

ready been applied in a real-life optimization problem
on gas transmission networks and has also been tested
on multicommodity flow problems obtaining satisfactory results.
Key words: Gas transmission networks; Sequential Linear Programming; Mixed-Integer Nonlinear Programming.
Acknowledgements The authors acknowledge support from the Spanish Ministry for Economics and Competitivity, the Spanish Agencia Estatal de Investigación
and FEDER through projects MTM2011-27731-C03 and
MTM2014-60191-JIN. Support from Xunta de Galicia
through projects INCITE09-207-064-PR and EM 2012/111
is also acknowledged. We also thank support from the
Technological Institute for Industrial Mathematics (ITMATI). Ángel M. González-Rueda acknowledges support
from the Spanish Ministry of Education through Grant
FPU13/01130.
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RKHS, Mahalanobis and Variable Selection in Functional Data
Classification
J.R. Berrendero1 , A. Cuevas2 , J.L. Torrecilla3
J. L. Torrecilla (Postdoctoral Researcher).- José Luis Torrecilla-Noguerales is a Postdoctoral Researcher
at the Institute UC3M-BS of Financial Big Data. His areas of research are functional and functional and
high dimensional data analysis, classification, dimension reduction and variable selection methods, measures of dependence and machine learning. His present research work includes functional variable selection,
optimal classification rules and analysis of functional datasets in biomedical settings. José Luis obtained
his BSc in Mathematics and Computer Science and his MSc in Mathematics and Applications and Computer Science: Artificial Intelligence at Autónoma University of Madrid (UAM). From 2010 to 2015, he
developed his PhD Thesis entitled On the Theory and Practice of Variable Selection for Functional Data,
under the supervision of José Ramón Berrendero and Antonio Cuevas, at the Department of Mathematics
(UAM), where he was granted with post-graduate scholarships, including FPI and three months as visiting
researcher
at
UC-Davis.
Torrecilla’s research experience also includes different positions at the Institute of Knowledge Engineering
(2007-2010) and a postdoctoral research position at the Machine Learning Group at the Department of
Computer Science (EPS-UAM, 2016), as well as the membership to the Functional Data Analysis working
group (SEIO).

sumption, the optimal rules turn out to depend on
a finite number of variables. These variables can be
selected by maximizing the Mahalanobis distance between the finite-dimensional projections of the class
means. Our RK-VS method is an iterative approximation to this. This is an easy-to-interpret and fast
methodology which allows for easily adding extra information about the model. The empirical performance
of RK-VS is extremely good when the considered problems fit the assumed model but it turns out to be also
quite robust against partial departures from the hypotheses, typically leading to very good results in general problems.

Working with functional data entails several difficulties
including the lack of a natural density, the infinite dimension and the collinearity among close points. The
RKHS (Reproducing Kernel Hilbert Space) theory provides some tools in order to deal with the first problem,
and an appropriate dimension reduction methodology
can solve the last two.
Variable selection techniques have become a popular
alternative for dimension reduction with an easy interpretation. However, we are still far from getting
a standard in the functional classification framework.
Here we propose a new functional-motivated variable
selection methodology (RK-VS) when our final goal is
classifying. This method appears as a direct consequence of looking at the functional classification problem from an RKHS point of view. In this context,
under a general Gaussian model and a sparsity as-

Key words: Functional Data Analysis; Mahalanobis
distance; Reproducing Kernel Hilbert Space; Supervised Classification; Variable Selection.
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On sparse and constrained Naïve Bayes
R. Blanquero Bravo
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M. R. Sillero Denamiel (PhD Student).- María Remedios Sillero Denamiel is currently working as a PhD
student at University of Sevilla (Spain), where she got BSc and MSc of Mathematics. Before starting her
PhD, M. Remedios was hired by two different research projects, during which she was co-author of two
papers published in distinguished JCR journals. She has recently started the second year of her PhD,
under the supervision of Prof. Emilio Carrizosa (University of Sevilla), Prof. Rafael Blanquero (University
of Sevilla) and Prof. Pepa Ramírez-Cobo (University of Cádiz). Her PhD project is based on applications
of mathematical programming tools to deal with statistical problems related to multivariate analysis.
This line of research arises from the deep insight on multivariate analysis she acquired during one of the
research projects she worked for, when she performed classification on large medical datasets."

Naïve Bayes is a tractable and remarkably efficient approach to classification learning. However, as it is common in real clasification contexts, datasets are often
characterized by a large number of features and, in
addition, there could exist an imbalance between the
correct classification rates of different classes. On the
one hand, it may complicate the interpretation of the
results as well as slow down the method’s execution.
On the other hand, classes are often not equally important and making a misclassification in one of them
leads to undesirable consequences that can be avoided
by controlling the correct classification rate in that particular class. In this work we propose a sparse and constrained version of the Naïve Bayes in which a variable
reduction approach, that takes into account the dependencies among features, is embedded into the classification algorithm. Moreover, a number of constraints
over the performance measures of interest are embedded into the optimization problem which estimates the
involved parameters. Unlike typical approaches in the
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literature modifying standard classification methods,
our strategy allows the user to control simultaneously
the different performance measures that are considered. Our findings show that, under a reasonable computational cost, the number of variables is significantly
reduced obtaining competitive estimates of the performance measures. Furthermore, the achievement in the
different individual performance measures under consideration is controled.
Key words: Conditional independence; Dependence
measures; Variable Selection; Heuristics; Probabilistic Classification; Constrained optimization; Efficiency
measures.
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corresponding fuzzy M-estimator more accurate than
the Huber loss function in many situations. Naturally,
other choices for the tuning parameters could be explored, but, as Hampel’s loss function also allows more
flexibility due to its three tuning parameters, we will
focus on the comparison of fuzzy M-estimators based
on Hampel’s and Tukey’s loss functions. Could the latter improve the performance of the Hampel fuzzy Mestimator? The aim of this paper is to propose a choice
of the tuning parameter involved in Tukey’s biweight
loss function in order to get a Tukey M-estimator providing a better estimate than the Hampel M-estimator.

Fuzzy number-valued data are useful to mathematically model many real-life experiments characterized
by an underlying imprecision, especially those related
to human valuations (such as ratings, judgements, perceptions, etc.). Due to their interest, different statistical methodologies have already been adapted to deal
with this kind of data. However, most of these procedures are based on the Aumann-type mean as location
measure, which is highly sensitive to outliers as generalization of the mean of a real-valued random variable.
Therefore, several robust location measures for random
fuzzy numbers have been proposed in the literature (see
e.g. [3, 1, 2]) and, among them, fuzzy M-estimators of
location seem to keep their success from real-valued
settings.

Key words: M-estimator of location; Random fuzzy number; Robustness; Tukey biweight loss function; Tuning parameter.
Acknowledgements This research has been partially
supported by the Spanish Ministry of Economy and Competitiveness through the Grant MTM2013-44212-P, the
Principality of Asturias/FEDER Grant GRUPIN14-101,
Grant C16/15/068 of International Funds KU Leuven and
IAP research network grant nr. P7/06 of the Belgian government. Their support is gratefully acknowledged.

It has been shown in [3] that, under mild conditions
on the loss function involved in their definition, fuzzy
M-estimators of location exist and can be expressed as
weighted means of the observations (this result will be
called representer theorem). This property is crucial to
guarantee that they indeed remain inside the space of
fuzzy numbers, Fc (R), which entails the particularity
of not being linear. Good news is that well-known families of loss functions, such as Huber’s, Hampel’s and
Tukey’s, fulfill the mild conditions required to establish
the representer theorem (see [4, 3]). The robustness of
the three alternatives has been proven by means of the
computation of their finite sample breakdown point,
which is a measure of the impact of global contamination on the corresponding estimates.
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The empirical comparison of the finite-sample behavior of the fuzzy M-estimators based on Huber’s, Hampel’s and Tukey’s loss functions is not complete yet.
In [3] it is shown that, with usual choices for the tuning parameters, the Hampel loss function makes the
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predicting the derived health consequences in overexposed individuals. In the radiation epidemiology field,
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to ionising radiation by CT scans. His research interests are count data models (including overdispersion,
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α1 .

Ionising radiation (IR) may be absorbed by humans,
implying negative health consequences. For the clinical
actions after a radiation event, absorbed dose estimates
are necessary. IRs produce damage at a cellular level
in form of chromosomal aberrations which are used as
biomarkers of the absorbed dose. To study the effect
of IR, calibration dose-response curves are built.

The main purpose of this work is to provide experimental designs for minimizing the variance of the dose
estimation. Due this is a calibration problem, it cannot
be explored by pure i-optimization, but two variants
of the i-optimal criterion are defined and applied. It is
also explored the c-optimization for the variance minimization of the linear dose effect parameter, α1 . As
the optimal designs for the different criterions are extremal, sequences of doses and weights are optimized,
analogously to López Fidalgo and Wong(2002) [3], to
produce suboptimal designs for the different criterios
without replicates which look similar to the IAEA directions [2]. The proposed designs are approximate
and the weight for each dose represents the proportion
of blood cells scored.

These curves are based on the irradiation of in vitro
n blood samples which simulate homogeneous whole
body exposures. Each sample is irradiated to a dose
di (i = 1 . . . n). After the irradiation, mi blood cells
are analysed for sample i and yi,j chromosomal aberrations are scored for each cell (j = 1, . . . , mi ). For
low LET irradiation, it is assumed that the number of
chromosomal aberrations follow a Poisson distribution
whose intensity is a quadratic function of the absorbed
dose, i.e. Y ∼ Pois(α0 + α1 D + α2 D2 ), where Y represents the number of aberrations, D is the absorbed
dose and {α0 , α1 , α2 } is the calibration parameter set.
These parameters are calculated by maximum likelihood estimation. It is important to remark that in
this Poisson model the link function is the identity, instead of the usual logarithmic link. This assumption
is supported by the biological process of production of
IR induced chromosomal aberrations, Hall and Giaccia
(2012) [1], and statistically in Oliveira et al. 2016 [4].

Key words:
Retrospective biodosimetry;
optimization; c-optimization; inverse regression.
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The experimental design of these curves is based on the
International Atomic Energy Agency (IAEA) suggestions. The manual of the IAEA (2011) [2] states that
at least 10 doses should be used in the range ( 0, 5 ] Gy,
plus a control sample, and at least 4 of them in ( 0, 1 ]
Gy. The sample size, i.e. the number of scored cells
at each dose, should aim to detect 100 chromosomal
aberrations at each dose, but for the lower doses it is
suggested a number in the range [3000, 5000]. It is also
suggested to reduce the variance of the linear term, i.e.

[2] IAEA (2011). Cytogenetic Dosimetry: Applications in Preparedness for and Response to Radiation Emergencies. International Atomic Energy Agency, Vienna.
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215, pp. 1–11.
[4] Oliveira, M., Einbeck, J., Higueras, M., Ainsbury, E. A.,
Rothkamm, K., Puig, P. (2016). Zero-inflated regression
models for radiation-induced chromosome aberration data:
A comparative study. Biometrical Journal, 58, 259–279.
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Online Pickup and Delivery Problem under special constraints
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in France. Her main research interests are Operational Research and the development of mathematical
optimisation models, and intelligent decision support systems for automatically producing high-quality
solutions to a wide range of real-world optimisation, especially the vehicle routing problems.

The VIPAFLEET project aims at developing a framework to manage a fleet of Individual Public Autonomous Vehicles (VIPA). We consider a fleet of cars
distributed at specified stations in an industrial area
to supply internal transportation, where the cars can
be used in different modes of circulation (tram mode,
elevator mode, taxi mode) [1]. We handled the pickup
and delivery problem [2] related to the taxi mode where
VIPAs run on a connected network to serve transport
requests (from any start to any destination station in
the network within given time windows) by means of
flows in time-expanded networks [3]. This enables us
to compute optimal offline solutions, to propose a replan strategy for the online situation, and to evaluate

1 Grenoble

its performance in comparison with the optimal offline
solution.
Key words: fleet management; offline and online pickup
and delivery problem.
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and price, prediction and confidence intervals with functional data and functional time series forecasting.
This study presents an application of functional additive models in the context of electricity demand and
price prediction. Data from the Spanish electricity
market is used to obtain pointwise predictions. Also
prediction intervals and prediction densities, based on
a bootstrap procedure, are computed.

demand prediction, it is convenient to introduce the
temperature and other weather variables as covariates.
In the case of price, one may consider the wind power
production and the forecast demand.
An application to the electrical dataset previously used
in [1] allows to compare the accuracy of those functional additive models with the nonparametric and
semi-functional partial linear models, among other prediction methods.

Prediction in electricity markets has been extensively
studied in the literature. Most of the papers studying methods of electricity demand and price prediction
take information from scalar variables, but in recent
years, the use of functional data has been extended
in this area. Considering the daily curves of electricity demand or price as functional data, the prediction
problem in electric markets can be studied taking use
of functional regression methods.

When dealing with forecasting, it is important to consider also prediction intervals and the prediction density, which help to understand the behaviour of the
forecasts in a deeper way. For that purpose, algorithms
for the construction of prediction intervals and prediction density associated with the functional additive
models are proposed, using residual-based bootstrap
methods. The obtained results, within the electrical
dataset study, are compared with the prediction intervals obtained in [2].

The case of forecasting curves (as well as scalar values)
of demand and price from functional data is studied in
[1]. In that paper, nonparametric and semi-functional
partial linear models are analysed within the Spanish electricity market. Non-parametric autoregressive
models with functional data provide good predictions,
due to its flexibility, but the results can improve by
adding exogenous variables to the model. For that purpose, the use of a semi-functional partial linear model is
considered, with a nonparametric autoregressive functional component and introducing other scalar covariates in a linear way.

Key words: Load and price; functional data; functional
time series forecasting; additive model; prediction intervals.
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The aim of this study is next-day forecasting of hourly
values of electricity demand and price using functional
additive models. These models combine flexibility and
the control of the dimensionality effects. Three approaches, taking information from functional covariates (one is endogenous), are considered. In the first
case, the effect of the covariates on the response is linear (functional linear model), while in the other two
proposals the predictor is the sum of smoothing functions applied to the covariates. When dealing with
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L. Conceição (PhD Student).- Lígia Conceição is a 3rd year PhD student from University of Porto (Portugal), under the MIT Portugal Program focused on Transportation Systems. She focuses her research on the
deployment of automated vehicles in urban centers. The methodological approach regards optimisation,
moreover mixed integer problems.

In the past two decades, an increased interest has been
growing towards vehicle automation which brings great
potential changes on mobility in urban centres. However, vehicle automation is not yet a reality which
casts huge speculation of what will really happen when
implemented in the near future. On the one hand,
it may enhance the current mobility system, on the
other hand, it might disrupt the current transportation paradigm in a way that is still difficult to foresee.

whereby the aim is to minimize the congestion problem
through dedicated links where only automated vehicles
can drive. A traffic assignment approach is used where
the minimization of the sum of travel times is part of
the objective function. The number of automated vehicles is changed in function of a penetration rate. Each
scenario is simulated and compared.
This research begins the discussion of how to help public authorities plan the deployment of such automated
vehicles and bring improvement to traffic in cities.

Since the deployment of fully automated vehicles cannot be realized instantaneously in all areas of a city,
a transitional phase must be assumed to mitigate the
changes to come. It is critical to devise policies in order
to implement such technology to leverage the benefits
that it may bring [1].

Key words: Automated Vehicles; Urban Planning; Optimization
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thank the support by the Portuguese Foundation for Science and Technology (PD/BD/113760/2015) under the
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In urban environments, automated vehicles (AVs) are
believed to begin as speedy last mile taxis by 2020
whereas automated taxis will only become a reality by
2028. The deployment of AVs in urban environments is
expected to start with segregated lanes and then with
dedicated lanes by 2020 and mixed with conventional
vehicles (CVs) by 2028 [2].
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The literature regarding automated vehicles is scarce
and disperse. Most of the existent research covers the
vehicle technical features and the forthcoming impacts
in interurban traffic environments [3].
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In order to address that gap, we want to support
city planners by developing a strategy of integration
for AVs into urban networks. Moreover, at a traffic
level, a strategy of dedicated zones for automated vehicles. We develop a mathematical programming model
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We present a probabilistic model for pairs of related
proteins that, through the use of novel diffusions on
the torus, aims to provide new insights into the relationship between protein sequence and structure evolution.

tion. We propose several approximate likelihoods that
are computationally less demanding, among them a
specific approximation to the transition density of the
wrapped normal process [2], which is the one we employ in ETDBN due to its tractability and reliability.

Proteins are large biomolecules with associated complex three-dimensional structures that are hard to
obtain experimentally and are often crucial for determining biological functionality. Mathematically, a
protein P comprised of n amino acids can be effectively parametrized by three sequences of size n:
P ≡ (A, X, S), where A is the sequence of amino acids
labels, X = {(φi , ψi )}ni=1 encodes the backbone of the
protein through dihedral angle pairs, and S represents
the secondary structure labels giving the main structural motifs. This triple is exploited by our model,
termed Evolutionary Torus Dynamic Bayesian Network (ETDBN, [3]), to build three continuous-time
Markovian processes that induce time-dependent joint
distributions for the pairs of amino acids, dihedral angles, and secondary structures of two different-size proteins Pa and Pb . These joint distributions are coupled
together via a hidden Markov model, in the spirit of
the non-evolutionary TorusDBN [1], that accounts for
aligned positions dependence and yields a distribution
for (Pa , Pb ).

We provide simulation studies and empirical benchmarks that show the adequate performance of the approximate likelihoods and of ETDBN. Finally, a case
study shows how ETDBN is able to deliver new evolutionary insights.
Key words: Evolution; Directional Statistics; Probabilistic model; Protein structure; Stochastic differential
equation.
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The most challenging part in the development of ETDBN is the construction of a diffusive process on the
torus T2 = [−π, π) × [−π, π) that is well-founded, ergodic, time-reversible, and tractable. To that aim, we
present a class of toroidal analogues of the celebrated
Ornstein-Uhlenbeck process that are generated by wellknown distributions in Directional Statistics [4]. Their
likelihood function is a product of transition densities
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Calmness modulus of the optimal value function
M. J. Gisbert Francés1 , M. J. Cánovas Cánovas∗ , J. Parra López∗ , F.J. Toledo Melero∗
M. J. Gisbert Francés (PhD Student).- María Jesús Gisbert is a PhD student at Miguel Hernández University of Elche. She graduated from University of Alicante with a BSc in Mathematics. Before coming to
Elche, she studied a MSc in Mathematical Engineering at Carlos III University of Madrid, with Statistics
specialization. Her fields of interest are Functional Data Analysis, Optimization, Linear Programming
and Variational Analysis. Her current research is focused on obtaining exact formulae for calmness and
Lipschitz moduli of the optimal value function in a solvable linear problem.

The final goal of the paper presented in this talk
consists in computing/estimating the calmness moduli from below and above of the optimal value function restricted to the set of solvable linear problems.
Roughly speaking these moduli provide measures of the
maximum rates of decrease and increase of the optimal
value under perturbations of the data (provided that
solvability is preserved). This research is developed in
the framework of (finite) linear optimization problems
under canonical perturbations; i.e., under simultaneous perturbations of the right-hand-side (RHS) of the
constraints and the coefficients of the objective function. As a first step, part of the work is developed in
the context of RHS perturbations only, where a specific
formulation for the optimal value function is provided.
This formulation constitutes the starting point in providing exact formulae/estimations for the correspond-

ing calmness moduli from below and above. We point
out the fact that all expressions for the aimed calmness
moduli are conceptually tractable (implementable) as
far as they are given exclusively in terms of the nominal
data.
Key words: Calmness; Optimal Value; Linear Programming.
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Movement of people is becoming a complex phenomenon. In order to fully understand the causes and
consequences of population movements, and how they
evolve over time, researchers and policy makers require
timely consistent data. Traditionally, data are obtained from censuses, registers or surveys, which only
give a brief picture of the migration activity. In addition, these sources provide estimates of movements
with different qualities according to their data collection methods or sample sizes. This paper proposes
a Bayesian probabilistic methodology to harmonize
movement data from traditional sources. US internal
migration data is used. In migration studies, using a
probabilistic approach is very natural and common [1].
In particular, the Bayesian paradigm provides a formal framework for combining different data types and
for dealing with inherent uncertainties in migration [2].
The methodology presented will be able to achieve the
following goals: (i) To get estimates of the true migra-

tion flows over a range of timing criteria; (ii) To explicitly address all potential sources of data inadequacies;
(iii) A better understanding of people’s movement patterns beyond the confines of a single source.
Key words: Internal migration; Combining data;
Bayesian model; US data.
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Portfolio problems with given transaction cost has
been extensively studied in the literature. We present
a bilevel leader-follower portfolio selection model in
which the bank has to decide on the transaction costs
for investing in some securities, maximizing its benefits, and the investor has to choose his portfolio, minimizing the risk and ensuring a given expected profit.
In order to minimize the risk of the investor different
risk measures can be considered. This gives rise to
general non linear bilevel problems in both levels. We
model different bilevel versions of the problem (cooperative model, bank-leader model, ...), determine some
properties of the models, provide Mixed Integer Linear
Programming formulations for some cases and report
some preliminary computational results.

Key words: Portfolio selection; bilevel optimization;
mixed integer linear programming.
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We are faced with the problem of optimizing the allocation of the marketing budget of a firm. The dependence of sales on the investment levels on each possible
media channel and other external factors is stochastic,
it is not well understood and it is hard to transfer from
one product to another. Thus, we must learn this dependence, but the data available is clearly insufficient
for such a task, so we must take into account the risk
associated with our decisions.

resulting from the activity of a large chain of restaurants spreaded across a wide region.

We model the dependence using a bayesian approach
and perform robust optimization to find the optimal
investment strategy for each possible risk preference,
without assuming knowledge of the firm’s utility function.
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Risk assessment in real phenomena (e.g. in Actuarial
Sciences and Finance, Environmental Sciences, Geophysics, etc.), where the spatial features of the definition domain have to be taken into account to assess possible hazard situations, is an increasing area
of research interest. Different probabilistic and statistical aspects can be addressed in terms of random
field models (see, for example, [1, 4]). So-called firstorder indicators derived from structural characteristics
of threshold exceedances of random fields describe the
extremal behaviour in the spatiotemporal dynamics of
these phenomena (see, for example, [2, 3, 5, 9]).

ent scenarios with the application of this methodology.
The compound cumulative distribution function (see,
[6]) plays a key role, both formally and regarding the
practical threshold specification, for these indicators.

There exist a recent well-founded theory of risk measures, mainly motivated by areas of applications such
as Finance and Insurance, with an increasing interest
in many other areas because of its potential applicability (see [7, 8]). Quantile-based risk measures such
as Value-at-Risk and Expected Shortfall have received
special attention because of their direct interpretation
and easy computational implementation.

[1] Adler, R. J. (1981). The Geometry of Random Fields. Wiley, Chichester.

Key words: conditional simulation; quantile-based risk
measures; space-time random fields; threshold exceedance indicators.
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In this work, an original approach based on conditional simulation for the analysis of risks at both global
and local scales is introduced. In particular, quantilebased risk measures such as Value-at-Risk and Expected Shortfall are applied to different threshold exceedance indicators by means of their empirical distributions, thus allowing the construction of dynamic risk
maps with meaningful information on risk assessment.
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problems; and 2) Compared with previous models, we
obtain more realistic costs’ representations, as well as
a better control of the decisions involved, making our
approach closer to reality.

Nowadays, different regions of the world, such as Europe or USA are facing the problem of a saturated air
traffic demand; i.e.: the number of scheduled flights
is sometimes larger than the capacity of the airspace
and/or the airports. This produces the necessity of
delaying or even cancelling some flights to ensure the
safety of the system.

Key words: ATFM; Combinatorial Optimization; 4D
graph.

To mitigate this problem, different approaches exist.
One of them is the Air Traffic Flow Management
(ATFM), where the objective is to modify flight plans
so delays and cancellations are done at minimum cost,
while fulfilling capacity constraints at all time (see
[1, 2, 3, 4] among others).
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To that purpose, we propose a new 0-1 mathematical
optimization model based on 4D trajectories (position
and time) for each flight. This allows us to see the
problem not as a binary optimization problem, but as
a shortest path problem with capacity constraints. A
property that produces a nice structure in the constraint matrix, as well as some interesting decomposition possibilities.
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The two most important contributions of this new
model are: 1) In the computational experience that
we present we achieve really good times for real size

[4] Balakrishnan, H., Chandran, B. G. (2014). Optimal largescale air traffic flow management. MIT, Massachusetts,
USA.
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Quantile regression is employed when the aim of study
is centred on the estimation of the different positions
(quantiles). This kind of regression allows a more detailed description of the behaviour of the response variable, adapts to situations under more general conditions of the error distribution and enjoys properties of
robustness. Hereby it facilitates a more complete and
robust analysis of the information. For all that, quantile regression is a very useful statistical technology for
a large diversity of disciplines.

the null hypothesis of the lack-of-fit test. Our test can
detect general departures from the parametric quantile
model. To approximate the critical values of the test,
a wild bootstrap mechanism is used, similar to that
proposed by [2]. A simulation study and an application to real data show the good properties of the new
test versus other nonparametric tests available in the
literature.
Key words: Quantile regression; Lack-of-fit testing; Logistic regression; Bootstraping.

Quantile regression was introduced by [4] as a weighted
absolute residuals fit which allows to extend some properties of classical least squares estimation to quantile
regression estimates. Several classical statistical tools
and procedures have been adapted to quantile regression scenario over the years. In this line, [3] is a good
review about quantile regression.
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A new lack-of-fit test for parametric quantile regression models will be presented. The test is based on
interpreting the residuals from the quantile regression
model fit as response values of a logistic regression, the
predictors of the logistic regression being functions of
the covariates of the quantile model. Then a correct
quantile model implies the nullity of all the coefficients
but the constant in the logistic model. Given this property, we use a lack-of-fit test in the logistic regression to
check the quantile regression model following the ideas
introduced by [1]. In the case of a multivariate quantile
regression, to avoid working in very large dimension,
we use predictors obtained as functions of univariate
projections of the covariates from the quantile model.
Finally, we look for a “least favourable” projection for
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Further work in this project will consider other programming methods for the optimisation of SPT plants,
as well as the application of thermal modelling in the
system and how this affects the aiming strategies already developed.

Research into renewable energy sources has continued
to increase in recent years, and in particular the research and application of solar energy systems. Concentrated Solar Power (CSP) used by a Solar Power
Tower (SPT) plant is one technology that continues to
be a promising research topic for advancement.

Key words: Solar Thermal Power; Aiming Strategy;
Integer Programming

CSP is a method of solar energy collection, where
the energy from the Sun is concentrated by a field
of heliostat onto a central receiver. In Solar Power
Tower (SPT) plants, this receiver is mounted atop a
tower, and the resultant thermal load is used to drive
a steam generator. This allows high temperatures to
be achieved and is an increasingly investigated method
into renewable energy production, see [1, 2].
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We model the incident radiation in the system using a
Gaussian distribution, as in [3], and utilise integer programming techniques in order to optimise the energy
reaching the receiver surface. We optimise the aiming
strategy for the heliostat field [4], where we constrain
the system to produce a homogenous distribution on
the receiver with a maximum limit to prevent damage.
Inclement weather effects are taken into account, and
an aiming strategy formed when cloud movement may
be predicted.
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We also consider the cleaning strategy for the heliostat field, where two integer programming problems
are formed; the allocation of heliostats to cleaning periods, and the route optimisation for each period.
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Many biological processes, such as cell cycle, circadian
clock or blood pressure, are governed by oscillatory
systems consisting of numerous components that exhibit periodic patterns over time. Modelling these
rhythms is a challenge in literature since usually the
sampling density is low, the number of periods is generally two and the underlying signals adopt a wide
range of temporal patterns, see [1]. Several authors
proposed parametric functions of time, such as the
sinusoidal function, to model these signals. However,
these parametric functions might be too rigid for data
derived from cell-cycle or circadian clock.

euclidean and in the circular spaces. This formulation
is crucial to set and interpret rhythmicity issues easily.
Additionally to the definition of circular signals, this
work proposes a novel general methodology to analyse
rhythmicity which is based on order restricted inference
(ORI). Specifically, it includes an efficient algorithm to
compute the restricted maximum likelihood estimate
(RMLE) under circular constraints, rhythmicity tests
based on likelihood ratio test (LRT), a procedure to
compute confidence intervals for the landmarks L and
U as well as an approach to estimate sampling order
when time sampling is unknown. The obtained results
are compared with classical methods in literature to
analyse rhythmicity both in simulations and in real
data bases.

These signals usually have a unique peak at time point
U and a unique trough at time point L within each
period, so that they monotonically increase up to U
(when L > U ) and then decrease up to L; before
increasing again. It is clear that the shape of these
signals can be entirely described in the euclidean space
by mathematical inequalities among their components.
The main novelty of this work is the definition of circular signals using restrictions to model common signal
shapes in biology. We will give a definition that allows
us to state equivalent signal formulations both in the

Key words: Order Restricted Inference; Rhythmicity;
Circular Space; Circadian Genes; Oscillatory Systems.
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researching: travelling.
A plethora of real world data involve multiple features
interacting between each other. As a consequence, one
of the most common problems in real life is trying to
predict a variable by making use of attributes that
are deterministic or easier to access. A widely studied tool to achieve this are the linear regression models Y = β0 + βX + a, where Y = (y1 , ..., yK )0 contains the K realizations of the stochastic variable to
be predicted, X ∈ RK×N contains the observations
of the attributes X 1 , ..., X N that influence on Y, and
a ∈ RK denote the error terms. Estimating the coefficients β0 , β1 , ..., βN yielding a good fit to the data set
may lead to a highly dense solution; i.e., a high number
of non-zero coefficients is likely to be obtained, which
may make the model difficult to interpret.

coefficients to be consistent with the sign of the
correlations between predictors or incorporating
the information gathered by principal components.
The so-obtained constrained regression problems
will become Mixed Integer Non-Linear Programs
(MINLP). Although not frequently used amongst the
statistical community, MINLP are becoming an useful
tool to address statistical problems in a tractable and
versatile manner. In fact, supported by the recent improvements in computational times that MINLPs have
enjoyed, MINLPs have recently been used to tackle
sparse models in linear regression [1, 2].
The numerical experiments carried out on real and
simulated datasets suggest that embedding constraints
that model (i) and/or (ii) into the estimation procedures for β may help to improve the sparsity and interpretability of the solutions with competitive predictive
quality.

A more interpretable output may be obtained not only
by requiring a sparse output, but also paying attention
to highly correlated predictors. This is a critical issue,
since almost linear relationships amongst the features
X 1 , ..., X N increase the variance of the estimated coefficients β̂0 , β̂1 , ..., β̂N , allowing for misleading interpretations.

Key words: Linear regression; Variable selection; Sparsity; Cardinality constraint; Multicollinearity; Mixed
Integer Non Linear Programming

With the aim to enhance the interpretability of linear regression models, we propose to use tools based
on Mathematical Optimization. In particular, we will
model constraints and add them to an optimization
problem expressing some estimation procedure as OLS
or Lasso [3]. These constraints will express the desire
to
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(ii) avoid misleading interpretations yielded by
collinearity, by forcing the sign of the estimated
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Multiple Criteria Decision Aiding (MCDA) methods
are considered a suitable tool for classifying actions (alternatives or options) into different categories (classes
or groups). In this work, we propose a new MCDA
method for nominal classification problems. They are
encountered in a wide range of areas, such as genetics, medicine, psychology, education and training, business and environment. A multiple criteria nominal
classification problem exists when the categories are
pre-defined and no order exists among them. Addressing a problem of this kind consists of assigning each
action, which is assessed according to multiple criteria, to the different non-ordered categories. The proposed method, Cat-SD (Categorization by Similarity-Dissimilarity), is based on the concepts of similarity and dissimilarity. We propose a way of modeling
similarity and dissimilarity between two actions. Each
category is characterized by a set of reference actions
(the most representative actions of the category), and
the interaction between some pairs of criteria is possible. Application of the Cat-SD method should follow
a decision-aiding constructive approach, which means

that an interactive process between the analyst and the
decision-maker should be followed during application
of the method. The proposed method fulfills a certain
number of structural requirements (fundamental properties). We present these fundamental properties of the
method and provide their proofs. Some potential applications are introduced, and a numerical example is
presented to illustrate the way in which the proposed
method can be applied. Robustness concerns are also
considered in our work.
Key words: Multiple Criteria Decision Aiding; Decision Support Systems; Nominal classification.
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Many experiments are formed by mixing two or more
components or ingredients. Applications of mixture
problems can be found in several areas including
the chemical, pharmaceutical and biological sciences,
among others [1]. Their main purpose is to identify
the composition of different blends which optimally describe the characteristic-response of certain products.
Mixture design background has received a classical approach. However there is a growing interest in Optimal Experimental Design (OED) nowadays. This is
not only due to resource optimization considerations
but also due to its flexibility in handling non-standard
conditions such as design space constraints where traditional designs are inappropriate. Analytical results
can be only obtained in systematic examples and under
strict assumptions, definitively far from realistic problems. Heuristic solutions provided by numerical techniques are currently the only viable option to tackle
such problems. Algorithmic techniques for computing
optimal designs continue to be a need in the optimal
experimental design field due to the current-state-ofthe-art methods. The increasing interest in finding
optimal experimental conditions demands new methods for more complex frameworks arising in realistic
situations.

der this context, the use of MA takes advantage of
exploiting the general equivalence theorem. On the
other hand, Genetic Algorithms (GAs) are a flexible
class of stochastic optimization methods which are easy
to implement [4]. The nature of mixture experiments
requires special conditions on the operators and even
more if there are experimental limitations on the proportions. An efficient GA is shown to be an heuristic
alternative which is also valid in constrained mixture
problems. It is strongly demanded in real applications
since there are experimental limitations or ingredient
availability considerations.

Two efficient algorithms are proposed in this work for
identifying exact D−optimal designs in mixture experiments. The first one is based on a Multiplicative Algorithm (MA) [2]. It consists of an update rule of probability measures and its convergence has been extensively studied for approximate design theory. However,
the application of this methodology is not straightforward in mixture settings. In this work, we provide a
new approach of the MA using a special class of designs
known as exchangeable designs [3]. The idea of these
designs is to generate candidate points in the mixture
designs using permutations of a fixed set of component
values. In this work, this class of designs are called permutation mixture experimental designs (PMED). Un-
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One of the most important challenges in the experimental field is to provide efficient designs in order to
set-up the trials. Throughout the new proposed methods, we provide practitioners with highly efficient optimal designs in comparison with the existing ones in
order to carry out their experiments related to mixing
laws for fluid viscosity or drug formulations.
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Acknowledgements The authors have been spon-

References
[1] Cornell, J. A. (2002). Experiments with Mixtures. Wiley,
New York 2002.
[2] Silvey, S. D., Titterington, D. M., Torsney, B. (1978). An
algorithm for optimal designs on a finite design space. Communications in Statistic, 14A, pp. 1379–1389.
[3] Draper, N. R., Pukelsheim, F. (1999). Kiefer ordering of
simplex designs for first- and second-degree mixture models. Journal of Statistical Planning and Inference, 79, pp.
325–348.
[4] Holland, J. H. (1975). Adaptation in Natural and Artificial
Systems. MIT Press, Cambridge 1975.

1 Department of Mathematics, University of Castilla-La Mancha, Avda.
Carlos III s/n, 45071, Toledo, Spain. Email:
irene.garciacamacha@uclm.es, raul.mmartin@uclm.es
2 School of Mathematics & Statistics, University of Glasgow, Glasgow G128QW, UK. Email: Bernard.Torsney@glasgow.ac.uk

26

A hybrid multiple criteria approach to improve supplier relationship
management: A PROMETHEE and MAUT comparison
M. Segura Maroto

1

, C. Maroto Álvarez1

M. Segura Maroto (Assistant Professor).- Marina Segura is an Assistant Professor in the Department
of Applied Statistics and Operations Research and Quality at UPV. She received her PhD in Statistics
and Optimization (2015). MSc in Data Analysis, Process Improvement and Decision Support Engineering
(2011) and Master in Business Administration and Management (2010), all of them from UPV. Her main
research topics are Multiple Criteria and Group Decision Making, Supplier Segmentation and Ecosystem
Services Assessment. She obtained a grant of the Ministry of Education for developing her PhD thesis
(2012-2015). In addition, she did four research stays, two at the Centre for Ecology, Society and Biosecurity
(UK, 2012 and 2015) and two at University of Strathclyde, Department of Management Science (UK, 2014
and 2015). She is also co-author of the teaching book Teaching book: Operations Research in Business
Administration and Management.
evaluations of products and suppliers, deriving critical and strategic indicators, useful to supplier selection
and segmentation. AHP is used to elicit the weights of
criteria. The indicators obtained are represented in a
graph, where axes are the critical and strategic scores.
Dividing this graph into four areas, the suppliers can
be segmented according to their performance. The appropriate relationships between the company and less
critical and strategic suppliers should be guided by
market price. On the contrary, the very critical and
very strategic suppliers should be partners of the company. When suppliers maintain a strategic character,
but they are not critical, one suitable strategy for the
company to follow is to sign long term contracts. Finally, when a supplier is very critical but little strategic, the company should remove this supplier from its
portfolio.

As supported by many conceptual models, supplier
management has nowadays become a strategic function
in companies with growing importance. Nevertheless,
companies are focused on products, without appropriating tools to inform relationships with suppliers. The
objective of this research is to propose and validate a
decision support system which allows qualifying, selecting and segmenting suppliers based on multiple criteria
and group decision making approach, also comparing
the strengths and weaknesses of outranking and value
function methods for this purpose.
We have proposed a hybrid method which integrates
Analytic Hierarchy Process (AHP) with Preference
Ranking Organization Method for Enrichment Evaluation (PROMETHEE) and Multi-Attribute Utility Theory (MAUT). AHP is useful to define the hierarchy
with evaluation criteria, grouping them into relevant
dimensions, as well as to elicit the weights, which represent the point of view of several departments of the
company.

The results have shown the flexibility and robustness
of PROMETHEE as an outranking method for supplier segmentation. MAUT is also flexible, but as
compensatory method it has less discriminant power
among suppliers than PROMETHEE. On the contrary,
MAUT is easier to understand by the company staff.
We propose a system with both methods in order to
provide more advanced capabilities. Finally, this research is the first supplier segmentation applied to a
real industry, which integrates historical data and expert knowledge in order to inform decision making [1].

After defining the criteria to qualify suppliers for each
product, a general two-phase procedure has been developed and implemented in a big manufacturing company, which works for several sectors such as nutrition
and chemicals. First, an assessment of products has
carried out based on criteria classified in two dimensions, critical and strategic. Safety and environmental regulations, number of suppliers, delivery time and
provisioning factor are critical criteria, mainly related
to the market. The strategic criteria include internal
features, such as contact with the final product, stopping the production of the factory, impact on the image of the company and the purchase volume. Second,
the procedure evaluates suppliers also based on critical and strategic criteria, which takes into account the
product indicators obtained in the first phase in addition to others, such as delays and several types of
risks.

Key words: Supplier segmentation; PROMETHEE;
AHP; MAUT; Group decision making.
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Since the beginning, time series analysis has played a
key role in the statistical analysis of temporally correlated data. Because of its high flexibility, it is wellknown that prediction draw from time series framework has been crucial in a wide range of applications, such as stock market analysis, quality control,
biological processes and sales forecasting, among others. Due to the huge computing advances, data began
to be gathered with an increasingly temporal resolution level, such that the values are collected with a
hourly, even minute-to-minute, frequency. In this highdimensional framework, stored observations are now
considered as points coming from a continuous process
valued in a function space.

instruments in the secondary market.
Key words: ARH processes; functional time series review; Hilbert-Schmidt autocorrelation operator;
Ornstein-Uhlenbeck process; strongly-consistent estimator; yield curve
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This communication is aimed at introducing how data
with an autoregressive structure can be predicted by
using an autoregressive process of order one, taking values in Hilbert spaces (ARH(1) processes). To provide
to the listener a comprehensive idea about the great
potential of this Hilbert-valued time series framework,
we also address the main estimation and prediction results existing in the current literature, in the context
above-referred (see [1, 3, 4, 5, 6, 7]). The simulation
study pays attention to the forecasting of functional
Ornstein-Uhlenbeck processes (see [2, 8, 9]), such that
the results derived allow to predict the curve representing the interest rate over a temporal interval, in a
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A real-data application on the forecasting of the zerocoupon yield curve (also known as term structure),
which shape is read as the main measure of future
expectations and the assessment of monetary policies,
will be also illustrated. Namely, this doubt product
is used as a benchmark to compare with other debt
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also develop a new family of test statistics, Z-type test
statistics based on MDPDEs, for testing the corresopnding testing parameters. A simulation study shows
how some MDPDEs have a better behaviour than the
MLE in relation to robustness ([3]).

The reliability of a product can be defined as the probability that the device does not fail when used. While
engineers asses reliability by repeatedly testing the device and observing its failure rate, this is a challenging approach for "One-shot devices", that can only be
used once and after use the device is either destroyed
or must be rebuilt. Some examples of one-shot devices are nuclear weapons, space shuttles or fuses. In
survival analysis,these data are called "current status
data". For example, in animal carcinogenicity experiments, one observes whether a tumour occurs at the
examination time for each subject.

Key words: One-shot devices; Minimum density power
divergence estimator, Exponential distribution; Robustness.
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We shall assume that the failure times of devices follow
an exponential distribution, depending on an adjusting
controllabe factor such as temperature (see [1]). A new
family of estimators, the minimum density power divergence estimators (MDPDEs, introduced in [2]) are
developed as a natural extension of the maximum likelihood estimator (MLE) for the parameters of the oneshot device model under exponential distribution. We
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A pioneering attempt to modify machine learning classification algorithms to deal with situations in which
an adversary, that actively manipulates the data to
fool the classifier; is present, is denominated Adversarial Classification, see [1]. The authors describe the
problem as a game between a classifier (C) and an adversary (A). The classifier aims at finding an optimal
classification strategy against the adversary’s optimal
attacking strategy. Computing Nash equilibria in this
general game becomes too complex. Therefore, the authors propose a simplified version in which C first assumes the data is untainted and computes her optimal
classifier; then, A deploys an optimal attack against
this classifier; subsequently, C implements the optimal
classifier against this attack, etc. As pointed out by
the authors, a very strong assumption is made: all parameters of both players are known to each other. Although standard in game theory, this common knowledge assumption is actually unrealistic in real life scenarios of adversarial classification. Despite the inoperability produced by this assumption, most approaches
expanding and developing the framework by Dalvi et
al have been unable to overcome such strong assumption. See for instance [2], [3], [4]. In this paper, we
outline a new framework for adversarial classification,
based on Adversarial Risk Analysis (ARA), described
in [5], where no assumptions of common knowledge are
made. ARA provides one-sided prescriptive support
to a DM, maximizing her subjective expected utility,
treating the adversaries’ decisions as random variables.
It models the adversaries’ decision-making problems
and, under assumptions about their rationality, such
as them being expected utility maximizers, tries to assess their probabilities and utilities. However, the uncertainty about the adversaries’ probabilities and utilities is propagated into their decisions, leading to random optimal adversarial decisions which provide the

required distributions over the adversaries’ decisions.
Here we shall build Adversarial Classification Risk
Analysis (ACRA), an ARA adversarial classification
approach on top of the pioneering framework in [1].
Key words: Statistical classification; adversarial classification; adversarial risk analysis; game theory; spam
detection.
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Suppose a sample of random functions {Y1 , . . . , Yn }
with values on C(I), I = [a, b] and a function Yshort
that it is observed in a domain such that Ishort ⊆ I. In
this work, we deal with the problem of extending the
partially observed function Yshort to the unobserved
domain.

three months of 2016 with a data sample of daily functions from 2014. On other hand, we propose an exercise of missing interval imputation with a data set
of Spanish daily temperatures measured in 53 weather
stations along the country.
The performance of both algorithms is similar for samples where dimensional reduction does not lead to
considerable loss of information. Furthermore, the
methodology is easy to adapt to a wide range of processes and the proposed algorithms could be considered
with other depth measures or distances.

We propose a non parametric methodology for solving
this problem motivated by the work of [1]. The novelty
of our approach relies on the selection of subsamples
that make the function to predict a deep datum in the
range of observation. The central regions delimited by
the deepest curves of the selected subsamples provide
tight bands that wrap not only in the observed part
but even in the unobserved domain, preserving also its
shape.

Key words: depth measures; central regions; functional
boxplot; Delaunay triangulation.
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in a natural way. In contrast, the second algorithm attemps to solve the problem in the functional space by
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We present two case studies for putting into practice
our methodology. First, we tackle the problem of forecasting the Spanish electricity demand during the last
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Among the variety of discrete location models, this
work focuses on a generalization of the p-Center Problem (pCP). Given a set of sites and the matrix of distances between them, the objective of the pCP is to
locate p centers out of n sites minimizing the maximum distance between each site and its closest center,
see [1].

Problem (DOMP), see [2]. The major difference between the PpCP and the DOMP is that, in the case
of the PpCP, given a solution S, sorting the service
distances associated with the different sites, dSi , is necessary to keep track of what site is associated with each
ordered distance, since the values of their weights are
not fixed as in the DOMP, but depend on the specific
sites with larger associated distances.

A drawback of this kind of models is that, in some
cases, focusing on the worst served customer may yield
solutions with high average service costs. This work
presents a stochastic pCP variant that aims at smoothing this loss of spatial efficiency, trying to keep the
centers close to where they are needed and considering
how likely each customer is to require the service. This
variant is called probabilistic p-center problem (PpCP),
see [3].

On the other hand, Sample Average Approximation
(SAA) is a very practical tool in the context of stochastic programming, [5]. The method consists in solving a sequence of PpCP instances, each restricted to
a sample of possible scenarios (subsets of customers
with demand) each. The optimal value of the stochastic program can be estimated through the average of
the optimal values to these instances.

Given a set of sites N = {1, . . . , n}, a matrix of distances among these sites, dij ≥ 0, i, j ∈ N , and a vector of demand probabilities q = (qi )i∈N , let ξ be an
n-dimensional random vector with marginal Bernoulli
distributions defined by q, ξi ∼ B(qi ) modeling the requests for service of the different sites (ξi = 1 iif site
i requests being served in a given realization). Then,
the PpCP is defined as:

(1)
min Eξ d(N (ξ), S)

Key words: Discrete location; p-center; demand uncertainty;

where for any two subsets A, B ⊆ N the distance
d(A, B) is defined as max min dij and, for a given real-
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The first heuristic approach considered, VNS, has been
successfully applied to the Discrete Ordered Median
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Credit Risk is an increasingly important analysis in
banks, thanks to the application of advanced predictive modelling procedures and theory to measure the
probability of default and risk exposure [1, 2, 3]. Banks
have access to large datasets that can be used for modelling purposes, producing quick mathematical evaluations of new and old customers applying for i. e.
loans or credit cards. However, it does happen often in
risk methodologies that the model outcome is incomplete, not taking into account the minimisation of the
expected loss in accordance with the quantity of the
potential obligor.
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In this work, basics on the credit risk modelling workflow will be given. Once these models are available,
Multi-Objective Optimisation by means of Genetic Algorithms [4] is applied to several credit risk models subject to some constraints. This is aimed to demonstrate
the relevance of this approach in order to minimise the
expected loss in SMEs Portfolio.
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Categorical data analysis is an essential tool when the
data are nominal. Even when the data are ordinal, it
sometimes makes sense to categorize them into a discrete number, k > 1, of classes.

estimation tool. They have been used in different statistical problems (see, for instance, [2]) showing very
good robust behavior for both point estimates and test
statistics based on it.

Let Y1 , Y2 , ..., Yn be a sample of size n ≥ 1, with
realizations from X = {1, ..., k} i.i.d. according to a
probability distribution p (θ 0 ). This distribution is
assumed to n
be unknown, but belonging to a known
o
T
family, P = p (θ) = (p1 (θ) , ..., pk (θ)) : θ ∈ Θ , of

The minimum density power-divergence estimator of
θ for the loglinear model previously stated is given by
θb(β) ≡narg minθ∈Θ dβ (b
p, p(θ)) , where dβ (b
p, po(θ)) ≡
Pk
β
1+β
1 β+1
1
, for
− 1 + β pi (θ) pbi + β pbi
i=1 pi (θ)
β > 0, and, for β
dKullback (b
p, p (θ)) .

distributions on X with Θ ⊆ Rt , t < k − 1. Thus,
the true value θ 0 of parameter θ ∈ Θ ⊆ Rt is fixed
T
b = (b
but unknown. We denote p
p1 , ..., pbk ) , with pbj =
Pn
Nj
i=1 I{j} (Yi ) , j = 1, ..., k, where IA (.)
n and Nj =
is the indicator function of A. The statistic (N1 , ..., Nk )
is sufficient for the statistical model above and is multinomially distributed.

0, d0 (b
p, p (θ))

=

Estimators based on divergence measures, as well as
test statistics based also on them, are not new in loglinear models (see, for instance, [3]). However, in many
of those papers φ-divergence measures were used. As
far as we know, this is the first time that DPD measures are used in loglinear models.

A class of models often used in this context
is the family of loglinear models:
pu (θ) =
 Pk

exp wTu θ / v=1 exp wTv θ ; u = 1, ..., k. This is
the model we consider for the theoretical results in this
talk.

In this talk we will show how to obtain the MDPDEs,
as well as Wald-type test statistics based on them for
solving the classical test statistics appearing in loglinear models. Additionally, we will study its robust
properties both theoretically and through a simulation
study. Finally, some numerical examples will be presented to illustrate the proposed methods.

Most statistical software use the maximum likelihood
b for the pamethod to obtain the estimates (MLE) θ
rameter vector θ. However, although it is well-known
that it is a BAN (Best Asymptotically Normal) estimator, it is also well-known that the MLE is not a robust
estimator in general and in particular in loglinear models. For that reason, in this talk, we aim at introducing
robust inferential procedures for estimating and testing
that will be not sensitive to outliers. Note that, in
the context of contingency tables, we deal with outlying cells rather than individual outlying observations
contributing to cell counts.

Key words: logistic regression; robustness; density
power divergence; Wald-type test statistics.
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Based on the fact that the MLE can be equivalently
defined as the minimization of the Kullback-Leibler
divergence, we shall introduce the minimum Density
Power Divergence (DPD) estimator for loglinear models. The minimum density power divergence estimators
(MDPDE) were defined by [1] as a robust and efficient
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respectively. He is currently a PhD candidate at the Department of Statistics and Operations Research
of University of Granada. His research interests include survey sampling in finite populations, survey
methodology and design, simulation, predictive modelling and its applications in sampling theory.
The development of new technologies in the last
decades has made a considerable impact on survey
methods worldwide. New forms of questionnaire administration, such as online or smartphone surveys,
are replacing more traditional forms such as face-toface or landline telephone surveys. The advantages of
new methods are numerous: critical reduction of costs
and a wider range of possibilities for questionnaires
can be mentioned as some of them. However, they
also raise serious issues on non-sampling errors. Particularly, online and smartphone surveys often suffer
from bias caused by non-probabilistic sampling methods, lack of coverage because of the absence of sampling
frames, and non-response issues.

cused on the study of the bias produced by self-selected
samples and the calibration procedures used for its removal, as well as its software implementation. In addition, the extension of multiple frames theory to the
case where three or more frames are available is considered, with an analysis of its implications on nexus sampling in social networks. Other objectives include the
development of estimation techniques to overcome nonresponse bias with new survey methods, and the comparison between smartphone surveys and other survey
methods in terms of efficiency.
Research findings have proved so far that the combination of PSA with calibration weighting efficiently
reduces the bias of non-probabilistic sampling when
the self-selection mechanism is exogenous to the target
variable. It has been also found that the increase in
variance gets reduced as the reference sample increases
in size, and it remains stable even if population estimates for auxiliary information totals are used instead
of actual population totals, as long as these estimates
are unbiased.

In recent years, there has been an increasing development of techniques to deal with the mentioned issues. Regarding non-probabilistic samples, calibration
weighting [1] and Propensity Score Adjustment (PSA)
[3] have been proposed in order to reduce the impact
of such sampling. Current research proves that both
methods and its combination can be effective to reduce
the bias but at the cost of increasing the variance of
the estimators. To deal with coverage issues, literature
suggests the use of multiple frames [2] to combine the
coverage of several frames to reach an adequate efficiency for estimates. Since its initial development, literature has mainly considered the dual frame situation,
while the case with more than two frames has mostly
been ignored. Non-response treatment has been widely
studied as it concerns all kind of surveys, and the proposed methods focus on reweighting [5] and missing
data imputaton [4].

Key words: online surveys; bias; non-probabilistic sampling; multiple frames; non-response.
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The aim of the present research is to develop the existing techniques to deal with the mentioned issues in
online and smartphone surveys, which involves adapting the different techniques to the context where these
surveys are applied. In this sense, the research is fo-
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black–box function. Some variants of the algorithm
will be also presented.

The problem of optimizing black-box expensive functions appears in many practical situations. Bayesian
optimization methodology has been successfully applied to solve them using Gaussian processes as surrogate models.

We compare our strategies with state-of-the-art approaches in benchmark functions, obtaining better
results. For a brief bibliography on the topic see:
[1, 2, 3, 4]

Following this method, the original minimization problem is transformed into an iterative adaptive process
where the points to be observed with the black-box
function are obtained by maximizing an auxiliary function called acquisition function. Of course, this auxiliary optimization problem can be solved easily applying standard techniques.

Key words:
black–box expensive optimization;
Bayesian optimization; batch acquisition function;
multi–objective optimization.
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Different single–point acquisition functions appear in
the literature considering a different trade-off between
exploration (select points with high uncertainty) and
exploitation (select points with high expected value).
Nowadays, the technology development allows in some
cases to perform evaluations of the expensive function in parallel at the same cost as a single evaluation.
Therefore, there is a need of developing batch acquisition criteria to take advantage of this parallelism.
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In this presentation we will introduce a novel batch
acquisition algorithm which selects the batch of points
in two separated steps. Firstly, the Pareto–optimal
set of the bi– objective problem defined by maximizing
the variance and minimizing the mean of the model
is approximated by means of an evolutionary multiobjective algorithm. Then, the batch is extracted from
the approximated Pareto set as the set of points that
maximize the mutual information with respect to the
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whether the underlying distribution presents symmetry or not, for linear and circular data. His main
background is in nonparametric techniques, but he is also interested on the Le Cam methodology and
on the Hidden Markov Models. During the last years, his main focus of application was related with the
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Probability density functions fully describe the behaviour of random variables, although in many cases,
a complete characterization is not necessary and the
main interest is to determine which variable values are
most likely. For continuous random variables, this procedure is just the identification of the density modes
(local maxima of the probability density function).
There are several alternatives for detecting modes in
scalar variables. While there are various exploratory
tools, these do not provide a formal statistical hypothesis test. Within this context, it is worth mentioning
the critical bandwidth and also those tests based on
the excess mass or on the dip. However, the poor
calibration in the multimodal cases provides unsatisfactory results in practice. A review on the different
methods for determining the number of modes and the

design of an appropriate calibration procedure in practice based on the excess mass and an application of
this new method are the objective of this work.
Key words: Exploratory Tools; Kernel Density Estimation; Multimodality; Nonparametric; Testing Procedure
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p-hub location problems in transportation networks are
N P-hard combinatorial optimization problems with
many industrial applications. In the r−allocation variant [7], three optimization subproblems are involved: a
service facility location problem, an assignment problem, and a routing problem.

064245), and by the Generalitat Valenciana (project Prometeo 2013/049). Francisco Saldanha-da-Gama was supported by the Portuguese Science Foundation (FCT—
Fundação para a Ciéncia e Tecnologia) under the project
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In this work we focus on finding new valid inequalities
for this variant. Some of them have been adapted from
inequalities proposed for related problems ([1], [2], [3],
[4], [5]) while other inequalities are new contributions.
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Statistical analysis of shapes has attracted a great
amount of research [3], mostly focused on 2dimensional shapes due to their simplicity. The analysis of 3-dimensional shapes (surfaces) has received less
attention due to the high cost of surface information
acquisition devices, such as stereo cameras and laser
scanners. The dramatic reduction on the cost of these
devices and the availability of smartphones with 3D
cameras forecasts a wealth of surface data, increasing
the need and interest of analysis techniques for this
kind of data.

landmark-free method proposed in [2] for shape classification. The approach works by sampling points inside a given surface on a first step and then the neighbourhood of each sampled point is sampled again on
a second step. Both sampling schemes are data-driven
in order to increase classifaction acuracy and reduce
computing time. The surface is then interpreted as
the multivariate distribution function generating these
sampled points and compared to other surfaces using
a distance between distributions on a two step process.
We use face shape data as the focus of our experiments.

One of the most studied problems regarding surfaces
is the analysis of human faces and is therefore a good
testbed for new methods in shape analysis. Applications range from medicine to marketing, such as [4],
where significant differences are found in face shape
between patients with a certain genetic disorder and
the control group, or in [5], where face shape information is proposed for modeling consumer behavior.

Key words: Shape; Surface; Classification; Functional
Data; Distance.
Acknowledgements This work is supported by the
Spanish Ministerio de EconomÃa y Competitividad grant
MTM2014-52876-R and Xunta de Galicia ED431C 2016015.

Traditional approaches to shape analysis are based on
landmarks, i.e. a human annotates the positions of
important features such as the position of the centers
of the eyes or the corners of the lips in the case of
facial shapes, and then standard multivariate analysis is performed. The landmark-based approach has
several drawbacks, such as the requirement of human
intervention, preventing fully automated systems to be
developed. The landmark acquisition may not even be
possible because of noisy acquisition, such as occlusion
due to the pose of the object. Additionally, a huge
amount of information is being discarded in the process. On the other hand, the methods proposed to
overcome these issues lack in interpretability.
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Recent advances in surface [1] and general shape analysis [2] from the functional data analysis point of view
show promising results in supervised analysis tasks
such as classification. In this work, we extend the
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aims to enhance interpretability in complex datasets by combining methods of Statistical Data Analysis
and Mathematical Optimization. In particular, she has worked in developing sparse models for Principal Components Analysis and in developing new visualization frameworks which faithfully preserve the
inherent data structure.

The usefulness of Information Visualization lies with
its power to improve interpretability of the unknown
phenomena described by raw data to aid decision making. In particular, datasets involving time-varying frequency distributions and proximity relations are the
ones studied in this work. In order to visualize this
structured data, we develop a visualization framework
which extends the standard Multidimensional Scaling
and has a global optimization model at its heart. Difference of Convex functions and Nonconvex Quadratic
Binary Optimization techniques are combined as a solution approach. Our methodology is illustrated using
a dynamic linguistic real-world dataset.
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