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Welcome!

It is with great pleasure to welcome you to the Second Bilbao DAta Science Workshop
(BiDAS) at the Basque Center for Applied Mathematics. We are pleased to invite
you to participate in this event. The workshop is devoted to discuss recent advances
in aspects related to Data Science, an interdisciplinary field about processes and
systems that aim to extract knowledge or insights from data in various forms. BiDAS
is addressed to applied mathematicians, computer scientists, statisticians, ecologists,
applied biologists, bio-medicine scientists, economics and social sciences researchers
and practitioners from industry or public institutions to share information, knowledge
and stimulate the interaction in areas of the common interest.

We want to acknowledge all participants that contribute to this workshop, in
particular to our keynote and invited speakers. We also want to thank to the funding
institutions: the Basque Government through the BERC 360 2014-2017, and the
funding grant “Ayudas para la Organización de Congresos y Reuniones de Carácter
Cient́ıfico Segundo semestre 2017” (N Expediente: RC 2017 2 0037), the Basque
Government Industry Department under the ELKARTEK Program, and the Spanish
Ministry of Economy and Competitiveness MINECO through BCAM Severo Ochoa
excellence accreditation SEV-2013-0323.

Organizers:

Carmen-Ana Domı́nguez-Bravo

Dae-Jin Lee

José A. Lozano

Maŕıa Xosé Rodŕıguez-Álvarez

Bilbao, November 16, 2017
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Thursday, November 16th, 9:00 to 11:00

Dependence Modelling with Copulas16 Nov
9:00

Dorota Kurowicka

Technical University of Delft, Delft Institute of Applied Mathematics, the Netherlands

In many different areas of applications, one has to make decisions under uncertainty.
For instance, an insurance company has to decide how much money to put aside to
cover its losses for different insurance lines or an engineer has to decide how reliable
components of a system have to be to guarantee the high reliability of that system.
In this kind of problems, a joint distribution of all uncertain quantities is built and
possible decisions are evaluated usually via Monte Carlo simulations. Constructing
flexible joint distributions that can be easily simulated is challenging. However,
assuming independence between uncertainties or not modelling the dependence
correctly leads to making wrong decisions. In this talk, I will introduce copulas and
in particular vine copulas which recently become a popular method of specifying
dependence, explain what is an appeal of these models and present few examples of
applications in real life problems.

Isotonic Regression Models in Cronobiology16 Nov
10:00

Cristina Rueda1, Miguel Hernández1, Yolanda Larriba1 and Shyamal Peddada2

1University of Valladolid, Spain, 2University of Pittsburg, USA

Gene expressions, blood pressure or body temperature are just some examples of
physiological and biological phenomena exhibiting rhythmic processes in nature.
The study of these periodic patterns, or rhythms, and how they change under
different conditions, is called chronobiology. For the last two decades, research
on chronobiology has had a marked effect on detecting genes linked to diseases,
on preventing cardiovascular disorders, or on improving the effectiveness of cancer
treatments.

From a statistical point of view, the modelling of chronobiological rhythms is a
challenge because their intrinsic circular nature suggests a mathematical formulation
in the circular space and the use of circular statistics. And also, because the number
of total observations and periods is usually short and the standard models such as
the Fourier models do not work. Moreover, rhythms process exhibited a wide range
of periodic patterns that do not always fit well with standard parametric models.

The specific problems to solve goes from the detection of rhythmic processes to
the estimation of the time point where a periodic signal reach the peak and the
relative order of a set of these peak moments. The problem of rhythmicity detection
has been widely studied in the literature using parametric and non -parametric
models. The other problems have been less deal in the literature.

In this talk, we present a general overview of the methodology, recently developed
by the research group in Order Restricted Inference, to solve problems related with
rhythmicity. In particular, we propose solutions to those problems quoted in the
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previous paragraph and we comment on other problems and solutions. The usefulness
of the methodology will be illustrated with the analysis of circadian and cell–cycle
gene expression data.

Novel Approaches for Sparsity in Multivariate Analysis 16 Nov
10:30

Pepa Ramı́rez-Cobo1,2

1University of Cádiz, Spain, 2Institute of Mathematics of the University of Seville (IMUS),
Spain

A plethora of real-world data involves multiple features interacting between them.
Therefore, the search for interpretable solutions and significant predictors is a hot
topic in time series, regression or classification problems nowadays. In this talk,
some recent advances in sparse modelling will be presented. On the one hand, a
sparsity-controlled Vector Autoregressive model is proposed in order to visualize
joint dependencies and relevant causalities in multivariate time series. On the other
hand, three novel constraints leading to a better interpretability in linear regression
are described. Finally, new feature selection approaches embedded in commonly used
classifiers as Näıve Bayes or Support Vector Machines are designed in such a way
that classification is performed using a reduced number of meaningful variables.
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Thursday, November 16th, 11:30 to 13:30

Causal Reasoning with Graphical Models16 Nov
11:30

José M. Peña

Dept. of Computer and Information Science, Linköping University, Sweden

Randomized controlled trials are the gold standard for assessing causal effects in many
disciplines. Typically, the technique consists in randomly allocating participants
to the control and treatment groups. The former group receives placebo and the
latter gets treated. Afterwards, the groups are compared to assess the efficacy of
the treatment. However, randomized controlled trials cannot always be applied,
e.g. the treatment may be too costly or prohibited due to ethical considerations.
An alternative solution consists in characterizing the conditions under which causal
effects can be computed from observational quantities, i.e. without performing
interventions. Since predicting the consequences of decisions or actions is necessary
in many disciplines, it is not surprising that this alternative solution has a long
tradition too. Specifically, it can be traced back to the work by Wright (1921),
where path analysis was introduced for the first time. In the 1980s, Wright’s work
was rediscovered, which culminated in the ground-breaking book by Pearl (2009).
Arguably the main contribution of the book is a sound and complete characterization
of the conditions for a causal effect to be computable from observed quantities. The
characterization is graphical, meaning that it is expressed in terms of a graphical
representation of the causal model of the domain under study. In this talk, I will
introduce classical and new graphical models for causal effect identification, as well
as algorithms to learn them from observational data.

Humanizing Robots16 Nov
12:30

Basilio Sierra

Computer Sciences and Artificial Intelligence, Computer Science faculty, University of the
Basque Country UPV/EHU, Spain

Nowadays there is an increasingly interest in the so called Social Robotics area,
which aims at putting robots in any human surrounded scenario, namely houses,
offices and so forth. One of the key skill robots must show in these environments
is certain capability to empathize with the people interacting with them. To do so,
different approaches based in Machine Learning and Data Analysis are used, in order
to appreciate the emotion of the received message based both on image and in sound
processing. This talk will overview some of applications and paradigms used in the
way towards humanizing robots.
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An Ensemble Approach to Adjust the Bias/Variance
Trade–off of Aggregated Bayesian Network Classifiers 16 Nov

13:00
Jacinto Arias1, José A. Gámez1 and José M. Puerta1

1 Dept. of Computing Systems, University of Castilla-La Mancha, Spain

Bayesian network classifiers have been a popular field of study over the years, among
them, the models known as augmented naive Bayes have attracted the attention of
many researchers. The key idea departs from the original naive Bayes independence
assumption by gradually introducing additional dependencies in the model. Beyond
the appeal of the probability theory supporting the framework, this strategy leads us
to parametrized learners that can produce a wide spectrum of models of increasing
complexity. Expressivity and efficiency of learning can be controlled to adjust a
particular trade-off according to the properties of the problem at hand. Recent
studies have translated this result to the domain of bias and variance, demonstrating
that inducing complex multivariate probability distribution produces low-bias/high-
variance classifiers that are especially suitable for large data and high dimensional
domains. The AnDE framework excels in this task, it avoids structural learning
and reduces variance by inducing and averaging a full family of constrained models,
however, this comes at the price of increasing its computational and spatial complexity.
Recent studies have proposed several approaches based on information theory metrics
to overcome this problem by performing model selection. In this work, we explore
a different approach from the point of view of ensemble classifiers, where we study
the individual contribution of each model and the effects of model selection in the
aggregation process. We perform a thorough experimentation to analyse bias stability
and variance reduction and compare the results within the context of other popular
ensemble models such as bagging or random forest, leading to a discussion on the
effectiveness of the previous approaches. We plan to use these results in the design of
better heuristic techniques for learning and averaging Bayesian network classifiers.
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Thursday, November 16th, 15:00 to 17:00

Statistical Methods for the Analysis of Secondary
Phenotypes Observed in Ascertained Families16 Nov

15:00

Jeanine Houwing-Duistermaat

Department of Statistics, University of Leeds, United Kingdom

Data from family studies are challenging to model due to the selection of the families
in the study and the correlation among variables measured in families. Families are
typically recruited based on the distribution of the primary phenotype (disease), e.g.
having at least two cases. To obtain correct parameter estimates from family data it
is essential to take into account the study design.

Modelling family is relevant, because traits segregate within families due to shared
genetic, environmental and life style factors. For many complex diseases the effect of
life style and environment is not well understood. Moreover not all genetic markers
have been identified. Thus family history comprises information on individual disease
risks.

In this presentation I will focus on the analysis of secondary phenotypes, i.e.
other traits which are measured and modelled in addition to the primary phenotypes.
There is a lot of literature available for the analysis of secondary phenotypes in case
control series, but methods for family data are lacking. Examples are triglycerides
in long lived families and electroencephalography (EEG) measurements in families
with social anxiety disorder. Two approaches are typically used for the analysis of
secondary phenotypes in families; either the selection of the families is ignored or
the likelihood conditional on the trait values of the cases (primary phenotypes) is
used. We will use directed acyclic graphs (DAGs) to show that these approaches
might yield biased estimates and we propose a secondary phenotype analysis method
for family studies which is based on a joint model for the primary and secondary
phenotypes. Parameters are obtained by maximizing the retrospective loglikelihood.

The performance of our approach is compared to other approaches via simulations.
The methods are applied to data from family studies. The conclusion is that our
method provides correct parameter estimates and should therefore be used for analysis
of secondary phenotypes in case of ascertained families.
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Nonparametric Estimation of a Transition Probability
Matrix with Cross-sectional Data 16 Nov

16:00
Jacobo de Uña Álvarez 1,2

1 Dept. of Statistics and Operations Research, University of Vigo, Spain
2 Center for Biomedical Research (CINBIO), University of Vigo, Spain

Nonparametric estimation of the transition probability matrix of a progressive
multi-state model from cross-sectional data is considered. Two different estimators
adapted to possibly right-censored data are proposed. Both estimators correct the
oversampling of relatively large survival times by using the left-truncation times
associated to the cross-sectional observation. Asymptotic results are established.
The finite sample performance of the estimators is investigated through simulations.
One of the proposed estimators performs better when there is no censoring, while the
second one is strongly recommended with censored data. An application to the study
of post-operatory complications for colon cancer patients is given. This is joint work
with Micha Mandel (Department of Statistics, The Hebrew University of Jerusalem)

Compositional Data Analysis in Microbiome Studies 16 Nov
16:30

M. Luz Calle 1

1 Biosciences Department, University of Vic – Central University of Catalonia, Spain

Understanding human-microbiome relationship and how it can be modulated is a
frontier for preventive medicine and for the medical management of chronic diseases
and represents an opportunity for food and pharma industry.

Although the human microbiome has long been known to influence human
health and disease, until recently, the composition and properties of the human
microbiota were largely unknown because their study was limited to in vitro studies
where specific microorganisms were isolated and cultured. High-throughput DNA
sequencing technologies have revolutionized this field by allowing the study of the
genomes of all microorganisms of a given environment.

From a statistical point of view, microbiome data analysis is challenging because
it involves high-dimensional structured multivariate sparse data. Furthermore,
microbiome data is compositional, since raw abundances and the total number of
sequences for each sample are not by itself informative, as they depend on technical
issues such as laboratory sample preparation and sequencing depth.

In this talk I will discuss the most important statistical challenges of microbiome
data analysis, in particular, the effects of ignoring the compositional structure of
microbiome data and will present new procedures for the analysis of microbiome
compositional data.
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Friday, November 17th, 09:00 to 11:00

Hierarchical Bayesian Spatio-temporal Point Level
Modelling with an Application to Estimating Exposure to

Air Pollution Exposure17 Nov
9:00

Sujit Sahu

Mathematical Sciences, University of Southampton, United Kingdom

Spatio-temporal modelling is an essential data science tool to estimate quantities of
interest which vary in both space and time. Performed hierarchically in the Bayesian
paradigm such modelling enables us to incorporate information from disparate
sources into the modelling which results in more accurate inference and prediction.
Implemented using computational Bayesian methods such as MCMC, these models
also deliver inference and prediction at any coarser geographical and temporal scale
than the scale at which data has been observed.

In this talk we demonstrate the use of the Bayesian modelling and computation for
estimation of long term exposure to air pollution levels over all of England and Wales
in the UK. Using observed data from a very sparse network of monitoring sites and
output of an atmospheric air quality dispersion model developed recently especially
for the UK we obtain empirically verified accurate maps of air pollution aggregated
up to coarser level geographies such as postcode areas and local authority areas.
Land use information, incorporated as a predictor in the model, further enhances the
accuracy of the space-time model. These estimates for aggregated administrative
areas can readily be used for many purposes such as modelling of aggregated health
outcome data. This talk illustrates the use of the air pollution estimates in assessing
their health effects for respiratory diseases where hospitalisation were necessary for
the five year period 2007-2011 in England.

Bank Branching in Spain: Analyzing the 1999-2011 Period17 Nov
10:00

David Conesa1, Priscila Espinosa2, Anabel Forte1 and Emili Tortosa-Ausina3

1Valencia Bayesian Research Group, Spain 2University of Valencia, Spain 3Jaume I
University and Valencian Institute of Economic Research, Spain

After a long period of intense territorial expansion, especially by savings banks, many
bank firms started merger processes triggered off by the financial crisis, most of
which entailed the closing of many branches. However, given the contributions of
saving banks to limit financial exclusion, this process might have exacerbated the
consequences of the crisis for some disadvantaged social groups. We address this
issue by means of several Bayesian spatio-temporal models that allow us to assess
whether over-branching or under-branching has taken place during the pre-crisis
and post-crisis periods. Due to the complexity of the models, we propose the use
of the Integrated Nested Laplace Approximation method to approach the posterior
distribution of the parameters involved in the resulting models.
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Multivariate Posterior Inference for Spatial Models with
Integrated Nested Laplace Approximation 17 Nov

10:30
Virgilio Gómez-Rubio and Francisco Palmı́-Perales

Department of Mathematics, University of Castilla-La Mancha, Spain

In this work we describe how to use Integrated Nested Laplace Approximation (INLA)
within the Metropolis-Hastings algorithm proposed by Gómez-Rubio and Rue (2017)
to fit complex spatial models and estimate the joint posterior distribution of a small
number of parameters. We will illustrate the benefits of this new method with two
examples.

In the first example, a spatial econometrics model with two autocorrelation
parameters (for the response and the error term) is considered. This model is
not currently available in R-INLA, and multivariate inference is often required
to assess dependence between the two spatial autocorrelation parameters in the
model. Furthermore, the estimation of spillover effects is based on the joint posterior
distribution of a spatial autocorrelation parameter and a covariate coefficient.

In the second example, a spatial model for several diseases is proposed for disease
mapping. This model includes a shared specific spatial effect as well as disease-
specific spatial effects. Dependence on the shared spatial effect is modulated via
disease-specific weights. By inspecting the joint posterior distribution of these weights
it is possible to assess which diseases have a similar spatial pattern.
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Friday, November 17th, 11:30 to 13:30

On the Stability of Feature Selection Algorithms17 Nov
11:30

Gavin Brown

School of Computer Science, The University of Manchester, United Kingdom

Feature Selection is central to modern data science, from exploratory data analysis
to predictive model-building. The “stability” of a feature selection algorithm refers
to the robustness of its feature preferences, with respect to small changes in the
training data. An algorithm is “unstable” if a small change in data leads to large
changes in the chosen feature subset. Whilst the idea is simple, quantifying this has
proven more challenging - we note numerous proposals in the literature, each with
different motivation and justification. We present a rigorous statistical framework
for this issue, in the process providing a critical analysis and unification of 19
different measures published over 60 years, in several distinct bodies of literature.
The conclusion suggests is a new measure satisfying a number of useful properties,
including confidence intervals on its stability estimates.

Quantification Learning17 Nov
12:30

Juan José del Coz

Artificial Intelligence Center, University of Oviedo, Spain

Formally, the task of quantification consists in providing an aggregate estimation
(e.g. the class distribution in a classification problem) for unseen test sets, applying
a model that is built using a training set with a different data distribution. In fact,
there are several real-world applications that demand effective automatic methods to
estimate the class distribution of a set of examples. For instance, in order to measure
the success of a new product, companies may be more interested in the overall
consumers’ opinion and less on the analysis of each individual comment. We can find
other examples in problems aimed at tracking trends over time (such as market and
ecosystems evolution), portfolio credit risk analysis and collective behaviour in social
networks. In such cases, it is sufficient to obtain estimates of the whole distribution
in order to properly plan strategies or policies. Practitioners sometimes apply off-
the-shelf classification algorithms to tackle this kind of problems, instead of using
proper quantification methods. This is due, in part, to the fact that quantification
learning is still an under-explored area in machine learning. Fortunately, during
the past few years, some quantification methods have been proposed from different
perspectives and with different goals. The goal of this talk is to present a unified
short review of the main approaches with the aim of serving as an introductory
tutorial for newcomers in the field.
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Parametric Estimation from Coarse Data: the Case of
Partially Ranked Data 17 Nov

13:00
Inés Couso1 and Eyke Hüllermeier2

1Dept. Statistics and OR, University of Oviedo, Spain
2Dept. of Computer Science, Paderborn University, Germany

We consider the problem of parametric estimation for ranking data, that is, the
problem of estimating a probability distribution over the collection of rankings
(permutations) of a set of alternatives. We assume that our sample is incomplete in
the sense that we just get partial information about every ranking. We tackle the
problem as a particular case of the problem of estimation from incomplete or coarse
data: every partial ranking is associated with the set of its completions (the collection
of full rankings that are compatible with it). In this setting, incomplete rankings
are considered to be “events”, i.e., sets of possible outcomes. We will elaborate on
the distinction between the occurrence and the observation of an event. To make
this distinction clear, we explicitly consider the process that transforms every full
ranking into an incomplete ranking and model it by means of a family of conditional
distributions. This process will be referred to as the “coarsening process”. The
coarsening process, together with the “generating process” (the one generating full
rankings) leads us to a joint distribution over a product space.

In order to estimate the underlying parameters of the joint distribution, we
consider two different generalisations of the maximum likelihood method. One of
them ignores the coarsening process and admits a simpler formulation than the other
one. We study the performance of both methods under different conditions about
the generation process (the marginal distribution over the set of alternatives) and
about the coarsening process (the conditional distribution). We study two levels of
consistency of estimators: the usual notion of consistency (that corresponds to the
ability to recover the actual parameter when the sample size goes to infinity) plus a
second, less restrictive one that refers to the ability to recover a target ranking in
the long run, despite a possible bias in the parameter estimation.
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Thursday, November 16th, 17:00 to 18:00

Estimation of Regression Effects on Net Survivals in the
Relative Survival Progressive Illness-Death Model

Leyla Azarang1 and Roche Giorgi2

1 BCAM - Basque Center for Applied Mathematics, Spain; 2APHM, Hôpital de la Timone,
Service Biostatistique et Technologies de l´Information et de la communication, Marseille,

France

Population-based cancer studies have now long follow-up times due to the improve-
ment of treatments and prognosis, and it is common to have a considerable proportion
of deaths from causes other than the cancer under study. That often leads to missing
or unreliable records of the cause of death. This situation is referred in the literature
as “relative survival setting”. Here, estimation of cancer survival or evaluation of
cancer associated issues like advances in cancer treatments are often of interest.
When the interest is focused on comparing different populations (different countries
with different population mortalities, different times, etc.) in order to detect potential
improvement of cancer treatment (with respect to the area or time, etc.) the only
correct measure is “net survival”. The net survival is the survival in the situation
where the disease under study would be the only possible cause of death. In addition,
in many cancer studies, some non-fatal events might be observed during the follow-up
which increase the mortality risk. This kind of datasets are usually analyzed using
multi-state models. The focus of our work is a three states multi-state model, called
progressive illness-death model, where the final state is death; hence, it involves
uncertainty about cause of death. In this work we propose a new estimator for the
effect of covariates on three net survivals in the progressive illness-death model via a
semi-parametric method that enables detection of time-varying effects. The flexibility
of our approach is its applicability in non-Markov and non-proportional settings.
The performance of the proposed method is evaluated in a simulation study.

Establishing the Relationship between Regular Vine
Copulas and Gaussian Belief Networks

Diana Carrera1, Roberto Santana1 and José Antonio Lozano1,2

Intelligent Systems Group, Department of Computer Science and Artificial Intelligence, University of the Basque Country, UPV/EHU

and BCAM - Basque Center for Applied Mathematics

A copula is a distribution function that allows modeling a multivariate distribution
by estimating its marginals and the dependence structure separately. A regular vine
copula (R-vine) is a probabilistic graphical model that combines a set of nested trees
with bivariate copula functions (pair-copulas) and are able to model a wide range of
pairwise dependencies. A Gaussian belief network (GBN) is a probabilistic graphical
model represented by a directed acyclic graph (DAG) with nodes representing
Gaussian variables and edges reflecting conditional dependencies. GBNs have well-
studied mathematical properties that have been developed throughout decades. Their
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environments have steadily been refined to suit a wide range of functionalities, such as
sensitivity analysis, classification algorithms, among many others. In contrast, R-vines
models have only been booming in the literature since the last few years, which allows
for the exploration and identification of new functionalities within their framework. In
this work, we seek a mapping between GBNs and R-vines with Gaussian pair-copulas
(GR-vines) to leverage the existing results. This can facilitate the use of GR-vines
in applications. Given a multivariate Gaussian distribution (MGD) it is possible
to generate a GBN. The correlation matrix of the MGD can be obtained from the
precision matrix associated of the GBN. Alternatively, if the marginal distributions
are standard normal, and the pair-copulas are bivariate Gaussian copula densities,
the resulting distribution is a multivariate standard Gaussian. However, general
methods that map a GBN to a GR-vine (both representing the same distribution), or
alternatively a GR-vine to a GBN, have not yet been proposed. We investigate the
generalization of this transformation from the structural and parametric perspectives:
(1) From the factorization corresponding to a DAG, we generate a tree-structure with
the same (conditional) graphical independence/dependence relationships present in
the starting structure and vice versa. (2) To obtain the parameters of both models,
we go through the MGD and use certain transformation properties of the precision
matrix, the correlation matrix, and partial correlation parameters. Our current
research focuses on the generalization of this result for the multivariate case.

A Bayesian stock assessment model for the Sardine in the
Bay of Biscay

Leire Citores1,2, Leire Ibaibarriaga2, Lionel Pawloski3, Andrés Uriarte2 and Dae-Jin
Lee1

1BCAM - Basque Center or Applied Mathematics, Spain
2AZTI-TECNALIA, Spain, 3Laboratoire de Technologie et de Biologie Halieutique,

Ifremer, France.

Fisheries stock assessment main purpose is to determine the past and current status of
a sh population. Bayesian statistical modelling has become an important tool in this
area given that it provides a conceptually elegant approach and allows incorporating
prior information. This work aims at developing a statistical catch at age Bayesian
model for the assessment of the Sardine in the Bay of Biscay, which as most of the sh
stocks of commercial interest, is exploited even if their abundance, productivity and
sustainability are highly uncertain. It has been constructed using Jags and results
have been compared with other non-Bayesian approaches, showing very similar results
in terms of stock status. In general, signal to noise ratio in the research surveys make
difcult to set the absolute level of the stock abundance. The effect on bias of distinct
levels of data uncertainty or shing mortality have been studied trough simulation.
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Comparative study of the performance of different
optimism correction methods in logistic prediction models

Amaia Iparragirre1,2, Maŕıa Xosé Rodŕıguez-Álvarez2,3 and Irantzu Barrio1,4

1Dept. de Matemática Aplicada, Estad́ıstica e Investigación Operativa. UPV/EHU,
Bilbao, Spain; 2BCAM - Basque Center for Applied Mathematics, Bilbao,

Spain;3IKERBASQUE, Basque Foundation for Science, Bilbao, Spain;4Red de
investigación en Servicios de Salud en Enfermedades Crónicas (REDISSEC)

Prediction models are widely used in daily practice. During the development process
of a prediction model, if the same data is used to, first, fit the model and, then, to
evaluate its predictive performance, this predictive performance may be optimistic.
Thus, in order to guarantee model’s usefulness and accuracy when applied to new
individuals, the validation or correction of this optimism is needed.

This study focuses on logistic regression models and models’ predictive perfor-
mance is measured by means of the area under receiver characteristic (ROC) curve
(AUC). Let us denote as apparent AUC the AUC that is obtained when the 100% of
the available data is used to fit the model and to calculate the AUC. As said before,
this apparent AUC could be optimistic. Different approaches have been proposed
in the literature to correct for this optimism. The most popular are split-sample
validation, k-fold cross validation (with or without replication) and bootstrap.

The goal of this work is to compare, by means of simulations, the behaviour
of these approaches when correcting for the optimism of the AUC. This topic has
received some attention in the literature (e.g., Austin and Steyerberg 2017, Smith
et al. 2014, Steyerberg et al. 2001), but with this study we aim to go further. We
consider different scenarios taking into account the number of covariates, prevalence,
sample size and independence/correlation among covariates in a way in which it
has not been studied previously. Furthermore, we take advantage of theoretical
results under known conditions where the theoretical logistic regression model is
known. The results of the study suggest that, as expected, the apparent AUC is
optimistic and this optimism increases as the sample size and the prevalence decrease
and the number of covariates increases. Moreover, the split-sample validation gives
pessimistic and uncertain results, and this pessimism also increases when the sample
size and the prevalence decrease and the number of covariates increases. In all the
scenarios, k-fold cross validation with replication and bootstrap are the approaches
that perform the best.

Funding: This study was partially supported by grants IT620-13 from the De-
partamento de Educación, Poĺıtica Lingúıstica y Cultura del Gobierno Vasco.
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Tool Routing Problem Based on the Hamiltonian Cycle
Problem for Wire Arc Additive Manufacturing

Maialen Murua1, Roberto Santana2, Diego Galár3 and Alfredo Suárez1

1Advanced Manufacturing Department, Tecnalia Research & Innovation, Spain,
2Intelligent Systems Group, Computer Science and Artificial Intelligence Department,

UPV/EHU, Spain, 3Smart Systems Department, Tecnalia Research & Innovation, Spain

Wire Arc Additive Manufacturing, WAAM, is an emerging wire-feed additive man-
ufacturing, AM, technology that creates components through the deposition of
material layer-by-layer. One of the major constraints of AM processes, is the sig-
nificant amount of time to fabricate parts. The deposition path planning plays an
important role in the enhancement of the efficiency and effectiveness of the manufac-
turing process, and in view of this, researchers, are applying better process planning
algorithms to find optimal tool-paths.

The problem of finding the optimal tool route can be stated as the Hamiltonian
cycle problem in a weighted graph, where the vertices in the graph correspond to the
beads of a part. The proposed approach consists on transforming the deterministic
problem into a probabilistic one, specifically, the embedding of the Hamiltonian
cycle problem in a Markov decision process is considered here. This transformation
is contemplated, as the problem is a stochastic process that fulfils the Markovian
property. Moreover, this embedding allows exploiting novel algorithmic procedures
that are based on linear programming.

A proximity notion between two beads is developed based on the region concept,
that is applied before building the graph. Afterwards, two different scenarios are
presented with N and 2N vertices respectively as the deposition of the material can
be done in two directions of the bead. The first scenario can be represented using a
common model related to the Hamiltonian cycle problem, whereas, for the second
scenario, an extension of the model is carried out.

This approach will be validated in different parts and WAAM technologies such
as metal inert gas, MIG, and plasma arc welding, PAW. One of the main differences
between both technologies is that the movements of the torch in PAW, are more
limited than in MIG. This issue will affect the adjacent matrices of the corresponding
graphs, having more connected vertices in the case of MIG technology. The defined
graphs are weighted graphs, as each bead has associated a cost value. Different cost
functions, related to the process characteristics, will be considered. For example,
functions that compute the time needed to complete the deposition process or
functions that estimate the temperature of the beads as a result of a particular path
will be contemplated.
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Longitudinal modelling of health-related quality of life data:
A beta-binomial mixed-effects model approach

Josu Najera-Zuloaga1, Dae-Jin Lee1 and Inmaculada Arostegui1,2,3

1BCAM-Basque Center or Applied Mathematics, Spain,2Dept. of Applied Mathematics,
Statistics and OR, UPV/EHU, 3Red de Investigación en Servicios de Salud en

Enfermedades Crónicas - REDISSEC

Health-related quality of life (HRQoL) has become an increasingly important indicator
of health-status in clinical trials and epidemiological research. Some instruments
have been developed in the literature in form of questionnaires in order to measure
the HRQoL of a specific population. One of the most widely used questionnaires
is the Short Form-36 Health Survey which decomposes the HRQoL in eight health
domains. Each of the SF-36 domain has an integer and discrete nature where
scores are accumulated in one or both edges of the scale. Consequently, they usu-
ally display U, J or inverse J-shapes where exponential family members offer an
inappropriate distributional fit. In order to overcome the distributional deficiency,
the beta-binomial distribution has been proposed in the literature to analyse HRQoL
data. Traditionally, the main goal of HRQoL studies is based on the assess- ment of
the relationship between some risk factors and the HRQoL of a particular population
of individuals. In fact, the main interest is focused on the evolution of the relationship
during a certain period of time. Hence, HRQoL studies are typically carried out in a
longitudinal context, where some individuals are followed up over time. In order to
measure the relationship between the HRQoL and the given covariates regression
models are usually applied in the literature. However, when analysing longitudinal
HRQoL studies, two issues, which do not allow the application of commonly used
regression techniques, must be beard in mind: i) the fact that the beta-binomial
distribution does not belong to the exponential family; and ii) the correlation that
exists among the observations of the same individual over time.

Estimation of the significance of the Foster’s wavelet
spectrum through the permutation test

Josué M. Polanco-Mart́ınez1,2,3 and Sergio H. Faria4

1Basque Centre for Climate Change (BC3), Spain, 2UMR CNRS 5805 EPOC, U. of
Bordeaux, France, 3Master in Computational Engineering and Intelligent Systems,

University of the Basque Country, Spain, 4IKERBASQUE, Basque Foundation for Science,
Spain

Here we propose the permutation test - a non-parametric computing-intensive test
- to evaluate the statistical significance of Foster’s wavelet spectrum by means of
Monte Carlo simulations. A procedure (algorithm) is introduced in order to carry out
this aim (Polanco & Faria; forthcoming). The Foster’s wavelet is an adequate method
to cope directly with unevenly spaced paleoclimatic time series. We have conducted
time series simulations to study the performance of Foster’s wavelet spectrum and
applied the permutation test to localize periodic signals known a priori by randomly
increasing the fraction of missing data (from 25% to 75% of the total amount of data
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of an evenly spaced time series). We found that the periodic signals are progressively
lost as larger amounts of data are removed. This loss becomes noticeable at circa 50%
of missing data and gets more evident when 75% of the data is removed. The signal
loss is more pronounced in the high-frequency range, due to an intrinsic bias in the
wavelet spectrum. Notwithstanding, Foster’s wavelet spectrum and the permutation
test succeeded in locating the periodic signals even with a moderate amount of
missing data. Finally, we applied our procedure to the Cariaco Basin Mg/Ca SST
reconstructions and we detected two statistically significant signals at ca. 4-6 years
and ca. 250 years.
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Peña.

12:30 “Humanizing Robots”, Basilio Sierra.

13:00 “An Ensemble Approach to Adjust the Bias/Variance Trade–off of Aggregated
Bayesian Network Classifiers”, José A. Gámez.
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16:00 “Nonparametric Estimation of a Transition Probability Matrix with Cross-
sectional Data”, Jacobo de Uña Álvarez.

16:30 “Compositional Data Analysis in Microbiome Studies”, M. Luz Calle.
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22



Friday, November 17th

SESSION 4: Bayesian methods for spatial and spatio-temporal
modelling

Moderator: Carmen-Ana Domı́nguez Bravo

09:00 Keynote speaker: “Hierarchical Bayesian spatio-temporal point level mod-
elling with an application to estimating exposure to air pollution exposure”,
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13:00 “Parametric Estimation from Coarse Data: the Case of Partially Ranked
Data”, Inés Couso.

13:30 Pintxos LUNCH and farewell
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49. Aritz Pérez BCAM - Basque Center for
Applied Mathematics

aperez@bcamath.org

50. Jorge Pérez
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