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Introduction: Due to advances in Information Technology, nowadays it is easy to collect, store
and process data. Vast datasets are becoming commonplace and all these data hold valuable trends
and patterns, which can be used to improve decision making. Thus, an increasing emphasis is given
towards the field of Data Mining, which aims at the extraction of useful knowledge from raw data.
Under slight distinct perspectives, Data Mining is also known as (or strongly related with)
Analytics, Business Intelligence, Data Science and Big Data. There are numerous examples of Data
Mining successful applications. For instance, DM can be used to reduce fraudulent credit card use,
to identify customer-buying habits and to predict monthly sales.

In this project, we focus on supervised learning, which includes two important DM goals:
classification and regression. In both goals, a data-driven model is built, in order to model an
unknown underlying function that maps several input variables into a desired target (i.e. the
predicted dependent variable). There are several supervised DM algorithms, each one with its own
advantages. In this project, we will address flexible and modern nonlinear learning methods, such as
Neural Networks (NN) and Support Vector Machines (SVM), that often achieve high predictive
performances when compared with more simpler methods (e.g. multiple regression) [2]. When
applying these DM methods, variable and model selection are critical issues [3, 4]. Variable
selection is useful to discard irrelevant inputs, leading to simpler models that are easier to interpret
and that usually give better performances. Complex models may overfit the data, losing the
capability to generalize, while a model that is too simple will present limited learning capabilities.
Indeed, both NN and SVM have hyperparameters that need to be adjusted, such as the number of
NN hidden nodes or the SVM kernel parameter, in order to get good predictive accuracy.
Furthermore, several DM models can be aggregated, in what is known as an ensemble, and often
ensembles provide more accurate predictions than individual DM models [5]. On the other hand,
business problems often include multiple quality criteria (objectives) to be optimized (e.g.
maximizing accuracy and minimizing the cost of the input attributes used by the data-driven
model).

To solve these issues (variable and model selection, multiple quality criteria), several multi-
objective optimization DM methods have been proposed [4][6]. Among these, modern optimization
techniques [7] (e.g. evolutionary computation) are particularly useful automatic search tools. In the
literature, several works have proposed such techniques to optimize DM models (e.g. [8, 9]). Since
these methods already use a population of distinct models, it is easy to built ensembles without any
extra computation cost. Yet, often these techniques require a substantial computational effort and do
not consider computation as a scarce resource, since typically hundreds or thousands of models
need to be fit and the training of a single model may require minutes or even hours of computation.
The problem of computational effort is heavily enhanced when dealing with big data.

Objectives: The overall goal of this PhD is to study new efficient optimization techniques for
multi-objective DM. Such techniques may include evolutionary computation, particle swarms or
hyperheuristics (i.e. build systems which can handle classes of problems rather than solving just one



problem) [7][10]. In particular, the computational effort (e.g. number of searches or time) will be
considered as an important dimension of this multi-objective optimization DM process. For
instance, the developed automatic optimization method should be capable of providing the best DM
model or ensemble of DM models (according to several criteria) under a given time limit. And that
the best provided model/ensemble could evolve, depending on the computational effort that is
available. The proposed techniques will be applied in several real-world domains, such as time
series forecasting [9], wine quality estimation [3] or civil engineering [11]. The computer
simulations will be carried out using open source tools (e.g. rminer package of the R tool [12]). As
the main outcome of this PhD, it is expected the development of fast automatic tools for the design
of DM models/ensembles, capable of high performances under several user defined criteria and
these tools will be particularly valuable for non expert DM users.
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