Lecture Notes in Networks and Systems 532

Pablo Garcia Bringas - Hilde Pérez Garcia -
Francisco Javier Martinez de Pison -

José Ramon Villar Flecha - Alicia Troncoso Lora -
Enrique A. de la Cal - Alvaro Herrero -

Francisco Martinez Alvarez - Giuseppe Psaila -
Héctor Quintian - Emilio Corchado Editors

International Joint Conference
15th International Conference
on Computational Intelligence
in Security for Information
Systems (CISIS 2022)

13th International Conference

on EUropean Transnational
Education (ICEUTE 2022)

Proceedings

@ Springer



Lecture Notes in Networks and Systems

Volume 532

Series Editor

Janusz Kacprzyk, Systems Research Institute, Polish Academy of Sciences,
Warsaw, Poland

Advisory Editors

Fernando Gomide, Department of Computer Engineering and Automation—DCA,
School of Electrical and Computer Engineering—FEEC, University of Campinas—
UNICAMP, Sido Paulo, Brazil

Okyay Kaynak, Department of Electrical and Electronic Engineering,
Bogazici University, Istanbul, Turkey

Derong Liu, Department of Electrical and Computer Engineering, University
of Illinois at Chicago, Chicago, USA
Institute of Automation, Chinese Academy of Sciences, Beijing, China

Witold Pedrycz, Department of Electrical and Computer Engineering, University of
Alberta, Alberta, Canada

Systems Research Institute, Polish Academy of Sciences, Warsaw, Poland
Marios M. Polycarpou, Department of Electrical and Computer Engineering,
KIOS Research Center for Intelligent Systems and Networks, University of Cyprus,
Nicosia, Cyprus
Imre J. Rudas, Obuda University, Budapest, Hungary

Jun Wang, Department of Computer Science, City University of Hong Kong,
Kowloon, Hong Kong



The series “Lecture Notes in Networks and Systems” publishes the latest
developments in Networks and Systems—quickly, informally and with high quality.
Original research reported in proceedings and post-proceedings represents the core
of LNNS.

Volumes published in LNNS embrace all aspects and subfields of, as well as new
challenges in, Networks and Systems.

The series contains proceedings and edited volumes in systems and networks,
spanning the areas of Cyber-Physical Systems, Autonomous Systems, Sensor
Networks, Control Systems, Energy Systems, Automotive Systems, Biological
Systems, Vehicular Networking and Connected Vehicles, Aerospace Systems,
Automation, Manufacturing, Smart Grids, Nonlinear Systems, Power Systems,
Robotics, Social Systems, Economic Systems and other. Of particular value to both
the contributors and the readership are the short publication timeframe and
the world-wide distribution and exposure which enable both a wide and rapid
dissemination of research output.

The series covers the theory, applications, and perspectives on the state of the art
and future developments relevant to systems and networks, decision making, control,
complex processes and related areas, as embedded in the fields of interdisciplinary
and applied sciences, engineering, computer science, physics, economics, social, and
life sciences, as well as the paradigms and methodologies behind them.

Indexed by SCOPUS, INSPEC, WTI Frankfurt eG, zbMATH, SCImago.
All books published in the series are submitted for consideration in Web of Science.

For proposals from Asia please contact Aninda Bose (aninda.bose @springer.com).

More information about this series at https://link.springer.com/bookseries/15179


mailto:aninda.bose@springer.com
https://link.springer.com/bookseries/15179

Pablo Garcia Bringas - Hilde Pérez Garcia -
Francisco Javier Martinez de Pison -

José Ramon Villar Flecha -

Alicia Troncoso Lora - Enrique A. de la Cal -
Alvaro Herrero - Francisco Martinez Alvarez -
Giuseppe Psaila - Héctor Quintian -

Emilio Corchado

Editors

International Joint Conference
15th International Conference
on Computational Intelligence
in Security for Information
Systems (CISIS 2022)

13th International Conference
on EUropean Transnational

Education (ICEUTE 2022)

Proceedings

2%

Internatio

EUROPEAN
Transnational Education

International Conference on
’/< g
N\
Computational Intelligence in
Security for Information Systems

@ Springer



Editors

Pablo Garcia Bringas
Faculty of Engineering
University of Deusto
Bilbao, Spain

Francisco Javier Martinez de Pison
University of La Rioja
Logrofio, Spain

Alicia Troncoso Lora
Data Science and Big Data Lab

Hilde Pérez Garcia
University of Leon
Leodn, Spain

José Ramon Villar Flecha
University of Oviedo
Oviedo, Spain

Enrique A. de la Cal
University of Oviedo
Oviedo, Spain

Pablo de Olavide University
Sevilla, Spain Francisco Martinez Alvarez
Pablo de Olavide University
Alvaro Herrero Seville, Spain
Departamento de Ingenieria Informatica,
Escuela Politécnica Superior

University of Burgos

Burgos, Spain

Héctor Quintian

Department of Industrial Engineering
University of A Coruila

Ferrol, Spain

Giuseppe Psaila

University of Bergamo

Bergamo, Italy

Emilio Corchado
University of Salamanca
Salamanca, Spain

ISSN 2367-3370 ISSN 2367-3389 (electronic)
Lecture Notes in Networks and Systems

ISBN 978-3-031-18408-6 ISBN 978-3-031-18409-3  (eBook)
https://doi.org/10.1007/978-3-031-18409-3

© The Editor(s) (if applicable) and The Author(s), under exclusive license

to Springer Nature Switzerland AG 2023

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse of
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar
or dissimilar methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.

The publisher, the authors, and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, expressed or implied, with respect to the material contained
herein or for any errors or omissions that may have been made. The publisher remains neutral with regard
to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland


https://orcid.org/0000-0002-3063-7374
https://orcid.org/0000-0002-9801-7999
https://orcid.org/0000-0001-8560-3991
https://orcid.org/0000-0001-7112-1983
https://orcid.org/0000-0001-6024-9527
https://orcid.org/0000-0002-6309-1785
https://orcid.org/0000-0002-0268-7999
https://doi.org/10.1007/978-3-031-18409-3

Preface

This volume of Lecture Notes in Networks and Systems contains accepted papers
presented at the 15th International Conference on Computational Intelligence in
Security for Information Systems (CISIS 2022) and the 13th International
Conference on EUropean Transnational Education (ICEUTE 2022). These con-
ferences were held in the beautiful city of Salamanca, Spain, in September 2022.

The aim of CISIS 2022 is to offer a meeting opportunity for academic and
industry-related researchers belonging to the various, vast communities of com-
putational intelligence, information security, and data mining. The need for intel-
ligent, flexible behavior by large, complex systems, especially in mission-critical
domains, is intended to be the catalyst and the aggregation stimulus for the overall
event.

After a through peer review process, the CISIS 2022 International Program
Committee selected 20 papers, which are published in this conference proceedings.
In this edition, three special sessions were organized: Cybersecurity in Future
Connected Societies, Cybersecurity and Trusted Supply Chains of ICT and
Intelligent Solutions for Cybersecurity Systems.

The aim of ICEUTE 2022 is to offer a meeting point for people working on
transnational education within Europe. It provides a stimulating and fruitful forum
for presenting and discussing the latest works and advances on transnational edu-
cation within European countries.

In the case of ICEUTE 2022, the International Program Committee selected five
papers, which are also published in this conference proceedings.

The selection of papers was extremely rigorous to maintain the high quality
of the conferences. We want to thank the members of the program committees for
their hard work during the reviewing process. This is a crucial process for creating a
high-standard conference; CISIS and ICEUTE would not exist without their help.

CISIS 2022 and ICEUTE 2022 enjoyed outstanding keynote speeches by dis-
tinguished guest speakers: Prof. Ajith Abraham, Director of Machine Intelligence
Research Labs (MIR Labs), and Prof. Guy De Tré, head of the research group on
Database, Document, and Content Management (DDCM) at Ghent University,
Belgium, and Félix Barrio Gen-eral Director at INCIBE (Spain).



vi Preface

CISIS 2022 has teamed up with “Logic Journal of the IGPL” (Oxford University
Press), and Expert Systems (Wiley) for a suite of special issues, including selected
papers from CISIS 2022.

Particular thanks go as well to the conference’s main sponsors, Startup OI€, the
CYL-HUB project financed with NEXT-GENERATION funds from the European
Union, the Ministry of Labor and Social Economy, the Recovery, Transformation
and Resilience Plan and the State Public Employment Service, channeled through
the Junta de Castilla y Leon, BISITE research group at the University of Salamanca,
CTC research group at the University of A Corufia, and the University of
Salamanca. They jointly contributed in an active and constructive manner to the
success of this initiative.

We would like to thank all the special session organizers, contributing authors,
as well as the members of the program committees and the local organizing
committee for their hard and highly valuable work. Their work has helped to
contribute to the success of the CISIS and ICEUTE 2022 events.
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Abstract. With the rapid development of technology, researchers worldwide have
applied the Internet of Things to effectively transmit and monitor water levels and
detect anomalies in real time. The data obtained enables numerical methods to
predict water consumption as well. In the presented paper, an attempt has been
made to predict water consumption for various problems forward using dedicated
models and a system using an iterative approach. For this purpose, neural network
algorithms such as Random Forest, XGBoost, Decision Tree, and Support Vector
Regression were tested and used to train the prediction models. The results pre-
sented allowed to indicate the difference between the examined methods through
the Mean Absolute Percentage Error of prediction. The used set of algorithms
allowed to show the problem of estimating water prediction from different points
of view. Thus, determining the tested systems’ seasonality and short-term and
long-term trends. This allowed to choose the two best algorithms, one that needs
less computational power to work; this seems to be a better solution.

Keywords: Prediction systems - Machine learning - Water consumption forecast

1 Introduction

The issues involved in managing water distribution networks are based on a large number
of processes. The demand for water for service or residential purposes affects the amount
of water withdrawn. In both cases, it is necessary to estimate consumption based on the
services provided by the company or the inhabitants’ behavior. The topic of demand
analysis is essential due to the number of variables depending on the type of facility
to which water is supplied, which provides the basis for the proper design of water
management strategies. Forecasts are of great importance in the context of decisions
related to introducing procedures to optimize water treatment plants or pumping stations.
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In the presented work, an attempt was made to predict water consumption forward by
different numbers of probes. The water consumption signal under study was divided into
15-min intervals, with one step covering the 15 min elapsed. For the long-range prediction
calculations, systems were used that could attempt to estimate water consumption using
two methods; using specially trained models for forecasting each step into the future and
using only one model trained for next-value prediction and using it iteratively to find
demanded forecasts. The first involved a dedicated model designed to look one, two,
or several time steps ahead. The second worked based on performing predictions using
earlier forecasting results. This system used an iterative approach involving only one
model, with each forward time step depending on the previous one. It goes forward when
the prediction turns out to be true after predicting the following sample. The comparison
between systems was established based on their mean errors and suitability for Internet
of Things (IoT) purposes.

The thesis in this article is that long-range prediction obtained from the chain of
short-range predictions made using the results of previous forecasts is an acceptable
predictive strategy for specific time ranges. [oT applications would benefit from having
only one trained model and using it for long-range predictions instead of keeping many
models, each trained for forecasting on its specific time range.

This paper aims to use selected algorithms to train forecasting models to predict
the following sample and evaluate their performance using Mean Absolute Percentage
Error (MAPE). Short and long-term forecast results of all tested algorithms are presented,
highlighting the performance of iterative systems in short-term and dedicated models in
long-term forecasts.

The data came from the waterworks and was taken thanks to a telemetry overlay
on the water meters using IoT. In simple terms, it is a system of electronic devices
that can automatically communicate and exchange data over a network without human
intervention. loT-based solutions in water level monitoring and storage are a novelty, as
well as the analysis of long-range forecasting strategies suited for low-computational
power devices commonly used for IoT purposes. The proper use of the received data can
help to reduce the occurrence of anomalies and mitigate the possible effects of a water
crisis [1].

This paper is organized as follows: an introduction, Sect. 2, in which work on water
use forecasting to detect anomalies and determine the causes of fluctuations in consump-
tion is discussed. The third section includes a detailed presentation of the systems used
and the rationale for choosing particular algorithms. Section 4 discusses the experimental
results. The paper concludes with a sub-summary.

2 Related Work

Several approaches to the problem of water demand forecasting, or drought forecasting,
can be found in the literature. Typically, statistical models have been used to estimate
losses and detect undesirable anomalies.

In paper [2], an algorithm was tested to detect and locate water leaks at an early
stage of demand forecasting. The algorithm used was based on pattern similarity, and
the demonstration area of the project was a medium-sized city in Spain. The algorithm
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was tested in three different scenarios over two years (2014-2016). The scenarios were
selected based on other profiles, including industrial areas, city centers, and suburbs.
The prediction analysis yielded good results. The predictions indicated the most accurate
results for the downtown area due to the many people living there. The authors suggest
that the method is suitable for predicting daily water flow. The signals proved highly
unpredictable for the time range studied due to water flow spikes caused by anomalous
days such as holidays. As the historical database of similar past situations increases, it
is possible to increase the prediction accuracy. The task and problems related to water
flow spikes are identical to the subject of our work. However, our analyses focused on
the approaches to long-term prediction and divergence rate of forecast from the base
signal.

Another way of determining the unit water demand and consumption distribution
was addressed in work [3], which focused on the hourly analysis of water consumption
in selected residential buildings after declaring an epidemic emergency in the country.
The objective was to verify the application of clustering using mean class clustering. The
research objects were three similar five-story residential buildings in the same housing
estate in Bydgoszcz. The study time included 464 measurement days, of which 276 days
covered the period before the COVID-19 pandemic and 188 during the pandemic, which
was included in the calculations. The application of cluster analysis through clustering
by the mean squared method allowed us to develop a pattern of hourly water demand by
working and non-working days. The results clearly show the profound changes in daily
water demand patterns exerted by the COVID-19 pandemic. Continuous monitoring is
needed to obtain up-to-date consumption patterns. The averaged histograms obtained
can be used to determine nodal water consumption in the mathematical modeling of
water supply networks. The data analyzed in this work is also from times of the COVID
pandemic. However, in this work, the predictions were conducted using machine learning
algorithms and Deep Learning.

Another interesting paper [4] addressed clustering and Support Vector Regression
for water demand forecasting and the possibility of anomaly detection. The data used
for the analysis was obtained from a municipal water company in Milan, Italy, from
a Supervisory Control And Data Acquisition (SCADA) system and 26 sensors, i.e.,
meters used at the individual level. The proposed approach offers several innovations,
from increasing the forecasting accuracy at the municipal and individual classes to
using a time series clustering procedure on the raw data. The second innovation is to
learn different Support Vector Machine (SVM) regression models separately for each
cluster and each hour of water consumption. This results in the optimization of the
pumping schedule and the ability to identify online anomalies resulting from wise meter
faults, cyber-physical attacks, or changes in habits. The proposed approach has obtained
favorable results both in the municipal application and by individual consumers. The
SVR model was also employed in our work. However, the preliminary results for our
data set did not indicate any benefit in dividing water consumption signals into specific
periods.

In [5], the authors attempted to change the operating conditions of water supply
systems using empirical exponents. The focus was mainly on modifying the flow rate
and hydrostatic pressure. Many failures were observed in managing the water supply
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network’s stress. The study area covered the Municipal Water Supply and Sewerage
Company S.A. in Wroclaw, and the recording time was between April 2017 and January
2018. The conducted research enabled the determination of an exponent linking the
flow rate-pressure relationship to the overall assessment of the water supply network.
Changes in the form of a steady, cascading decrease in pressure through the night flow
period and a cascading increase in the morning resulted in the implementation of new
analytical procedures for pressure and flow rate analysis. This work has a similar subject
to this one. However, it is based on theoretical models and expert knowledge. This paper
tackles the problem from a data science point of view and aims to define approaches that
may be useful outside this particular problem involving water consumption forecasting.

In work [6], an analysis of water consumption variability based on combined long-
term and short-term data was performed. The aim of the work was based on the devel-
opment of a new deterministic method that would allow the data from periodic measure-
ments to be collected together. To then serially determine the degree of variation in water
consumption. The object of study was three blocks of flats located in Swidnica, and the
observation time was five years. The experiment results show that it is impossible to ana-
lyze the cumulative fluctuations of water consumption for data without preprocessing.
To categorize the measurements, it is necessary to supplement the data sets with water
consumption records for several sufficiently long periods. Research conducted in our
paper also deemed pre-processing necessary as water consumption signal tends to have
random spikes of activity, which disrupts mean squared error-based loss function driven
neural networks. To perform the experiments, we had to draw the same conclusions.

On the other hand, in the paper [7], seasonal forecasts were analyzed, and the main
interest was developing a drought forecast. Drought in 1998-2002, which occurred in
South Carolina areas, is considered the most severe problem for the state. The analy-
sis performed was extended to include other drought indicators, and the information to
calculate these indicators is provided every month in terms of precipitation and temper-
ature. Thus, different scenarios can be adapted to determine the amount of rain needed
to end drought conditions and the probability of receiving those amounts. The article
bases its methodology on bootstrapping, which we also used in our Decision Tree-based
algorithms and can confirm its efficiency in forecasting.

3 Methodology

3.1 Dataset

The dataset used in this research was obtained from the measurements of the pump
room, generating an average water supply of 8 m3 per hour. The data is the property
of Softblue S.A company. Access to the data was provided to conduct this research.
The signal was initially encoded as a timestamp between subsequent transfers of 10 L of
water through the pump house. For this research, the signal was resampled to contain the
amount of water transferred every 15 min. Due to temporal anomalies in water supply
provision, data cleaning was required. Each value of material water supply exceeded the
94 percentile of water flow distribution and was reduced to the value associated with the
94 percentile.
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3.2 Experiment Design

The cleaned data are formed into observation vectors. Each observation vector contains
the last 20 values representing the previous 5 h of the observed water consumption. Two
forecasting systems use these data. The first system uses models explicitly trained to
predict a fixed amount of future samples. For example, the system that can predict the next
1,2,3 ... 6 samples in the future contains six models, each trained to forecast its respective
amounts of samples in the future. The second system has only one model trained to predict
the following sample. The system uses this model to predict an arbitrarily chosen number
of samples in the future by iteratively predicting the following sample and uses the value
of the prediction to update the observation vector for another sample prediction. The
systems’ algorithms are presented in Fig. 1.

System using multiple System using one
trained models model

Read observation Read observation
vector v vector v
Read number of Read number of

samples forward n

samples forward n

(Choose model trained

for prediction of n
samples forward

Perform a prediction
using v
retumn prediction
value

Perform a prediction
using v

return prediction
value

Remove first value
from v
Add predicted value
atthe end of v

Fig. 1. Presentation of the algorithms forming prediction systems evaluated in this work. On
the left, the system using dedicated models is presented. On the right, the system employing an
iterative approach is described.

3.3 Machine Learning Algorithms

Each system employs machine learning models to forecast the following sample. The
algorithms selected for training prediction models in this study are: neural networks
with two fully connected layers (referend further in the text as FC2), recurrent neural
networks [8] with two recurrent layers and one fully connected (referred further in the
text as RNN), Random Forest [9], XGBoost [10], Decision Tree [11] and Support Vector
Regression [12] (SVR).
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These algorithms were chosen due to their different approach to the forecasting
problem. FC2 and SVR models perform the linear transformation of the input vector
to obtain the forecast. RNN attempts to extract temporal patterns. The Decision Tree
is the algorithm that divides solution space into subsets based on the partition purity.
Random Forest and XGBoost perform an ensemble of decision trees in different ways.
Such a collection of algorithms presents the forecasting problem from different angles
and allows comparison of varying decision-making philosophies.

The critical factor to be considered during model selection is its ability to be imple-
mented into the hardware commonly used in IoT applications. The machine learning
algorithms (Random Forest, XGBoost, Decision Tree, and SVR) are implemented in
the scikit-learn library widely used in Data Science. This library is lightweight enough
to be used on the higher end of IoT devices like Raspberry microcomputers. Although
frameworks for Deep Neural Networks may be too computationally expensive for IoT
devices, the Fully Connected Neural Networks are algorithms simple enough to be
implemented with reduced NumPy computational stack for micro-Python booted on the
microcontrollers like ESP.

4 Experimental Results

The algorithms and techniques were evaluated using the Mean Absolute Percentage
Error (MAPE) metric given by Eq. 1. The purpose of this metric is to present relative
differences between the observed values predicted by the systems.

Y- Y

Y|
MAPE = Zi:O — (1)

where Y denotes the vector of observed values and is the vector of predicted values.

The models were evaluated by averaging MAPE results from the 30 iterations of the
experiment conducted for every triplet of the model algorithm, version of the system,
and several samples to look into in the future. During each iteration, train, validation,
and test datasets were randomly chosen from the available dataset.

The results are presented in Tables 1 and 2. The values were obtained from evaluations
conducted on test datasets. In each table, rows contain values for tested models, and
columns present models’ performance on the number of samples of the future forecast.
Table 1 contains values from the models dedicated to predicting a specific number of
samples forward. Table 2 presents the evaluation results of the system using an iterative
approach.
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number of samples ahead. The columns denote the number of samples the model looks ahead.

Model Sample count between last observed value and forecasted
1 2 3 4 5 6

SVR 9.4% 11.1% 12.1% 13.2% 14.6% 15.9%
RNN 9.4% 11.2% 12.2% 13.3% 14.4% 15.4%
Random forest 9.5% 11.0% 11.8% 12.8% 13.8% 15.0%
FC2 9.9% 12.1% 13.7% 15.4% 17.1% 19.5%
XGBoost 10.0% 11.6% 12.4% 13.4% 14.5% 15.5%
Decision tree 13.7% 15.9% 16.9% 18.1% 19.3% 20.7%

Table 2. MAPE metric values of the system using one trained model iteratively. The columns

denote the number of samples the model looks ahead.

Model Sample count between last observed value and forecasted
1 2 3 4 5 6

SVR 9.4% 10.4% 13.0% 16.3% 19.9% 23.7%
RNN 9.4% 11.0% 13.7% 17.3% 21.6% 25.8%
Random forest 9.5% 10.6% 13.2% 16.1% 19.9% 23.6%
FC2 9.9% 11.5% 14.3% 17.9% 21.8% 26.0%
XGBoost 10.0% 11.2% 13.7% 16.7% 20.2% 24.2%
Decision tree 13.7% 15.8% 18.4% 21.5% 24.8% 29.1%

According to the data stored in Tables 1 and 2, two algorithms with the best MAPE
score on both the short and long-range forecasts are SVR and Random Forest. Figure 2
depicts the differences between the system using the dedicated model for forecasting

and its iterative counterpart for both algorithms.
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Fig. 2. Difference between MAPE error scores between systems using dedicated models for
forecasting and their iterative counterparts.

5 Conclusion

Surprisingly, the iterative system proved slightly better than the system using dedicated
models across all modeling algorithms. The improvement of the score ranges from 0.1%
to 0.7%. Although the difference may not be considered significant, the repeating ten-
dency on all tested algorithms may indicate that the water consumption signal measured
in 15 min intervals may have a short-range trend in addition to its evident seasonality.
In such a case, an iterative approach may stabilize the prediction, improving its average
performance, albeit not for much.

Iterative systems’ performance quickly deteriorates from fourth sample forward fore-
casting compared to the model with dedicated models. Assessment of further prediction
is pointless due to error difference reaching almost nine percentage points. However,
the iterative approach may be helpful for a relatively reliable long-range forecast to the
fourth sample forward, for example, as a basis for anomaly detection systems. For such
cases, the reduced number of models is preferable to better precision due to the limited
memory of low-computational devices commonly used for IoT purposes. The thesis of
this work has been proven suitable for forecasting up to four samples forward.

Systems with dedicated models provide a stable increase in the error of about one
percentage point per number of forecast samples. The two best algorithms for this par-
ticular task are Random Forest and SVR. Their performance was the best for both short
and long-range forecasts. However, SVR is an algorithm of much less computational
complexity and memory dependence than Random Forest, resulting in a better solution
for low-power devices like microcomputers.

Despite its more straightforward structure, the SVR model proved to have signifi-
cantly better results than Neural Network with two fully connected layers (FC2). Over-
fitting is unlikely because a Recurrent Neural Network with two RNN layers obtained
better results than FC2 despite a more complex structure. The margin function employed
in SVR may be responsible for the improvement of the model. The margin function
reduces the impact of the outliers by associating the constant penalty for values outside



