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Abstract

Data Mining has become an important technique for the exploration and extraction of data in nu-
merous and various research projects in different fields (technology, information technology,
business, the environment, economics, etc.). In the context of the analysis and visualisation of
large amounts of data extracted using Data Mining on a temporary basis (time-series), free soft-
ware such as R has appeared in the international context as a perfect inexpensive and efficient
tool of exploitation and visualisation of time series. This has allowed the development of models,
which help to extract the most relevant information from large volumes of data. In this regard, a
script has been developed with the goal of implementing ARIMA models, showing these as useful
and quick mechanisms for the extraction, analysis and visualisation of large data volumes, in ad-
dition to presenting the great advantage of being applied in multiple branches of knowledge from
economy, demography, physics, mathematics and fisheries among others. Therefore, ARIMA mod-
els appear as a Data Mining technique, offering reliable, robust and high-quality results, to help
validate and sustain the research carried out.
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1. Literature review

During the last few years and due to the numerous advances in information systems, the use of means designed for
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the acquisition of data such as web and mobile applications, social networks, etc. has massively increased. As a
result of this “information revolution”, the world of science has been saturated with data of varied origin. It is
estimated that 90% of all data have been created in the last two years (2013-2015) [1]. At the 10D (Information On
Demand) Conference held in 2011, IBM presented the explosion of data in today’s society as a problem, and put
forward how companies are facing the challenge of obtaining relevant and valuable information from this vast
amount of data. The amount of data in the world is expected to double every two years, according to the data
scientist Mark van Rijmenam, founder of Datafloqg, in addition to increase 2.5 exabytes per day [1].

This enormous amount of information is known as Big Data. The vast majority of these data, which come from
astronomy, genomics, telephony, credit card transactions, Internet traffic and web information processing, pri-
marily, are acquired systematically with a certain frequency, being therefore time series [2]-[4]. The tendency to
manipulate large quantities of data is due to the need, in many cases, to include the data obtained from the analysis
of large databases in new databases, such as business analyses [5]. Besides data manageability, other factors to
consider are the speed of analysis/scanning speed, access, search and return of any element. It is important to
understand that conventional databases are a significant and relevant part of an analytical solution [6] [7].

Today, the explosion of data poses a problem given the amount of these increases overwhelmingly; in fact this
situation reaches occasionally the point when it is not possible to gain an useful insight from them. Therefore, it is
necessary to organise, classify, quantify and of course exploit this information to obtain maximum performance
for the benefit of scientific research. In response to this difficulty the concept of Data Mining arises that refers to
the non-trivial automated process which identifies valid, previously unknown, potentially useful and funda-
mentally understandable patterns in the data.

The literature shows that Data Mining techniques are used to extract information from very diverse back-
grounds as the power consumption of a region [8], modelling and optimisation of wastewater pumping systems [9]
and the establishment of the position of wind turbines to obtain the maximum possible wind currents [10].

A common pattern of all previous studies is the use of time series for the analysis and visualisation of infor-
mation. A way to perform the processing of time series is through the creation of mathematical models that
identify and predict their behaviour. One of these are the ARIMA models [11], that extract the most relevant data
from the dataset identifying the patterns of the series at different levels of the timescale and simplify a large
amount of data in a simple equation, hence their utility and application in Data Mining. ARIMA models are within
the Data Mining techniques, as these are used in time series, therefore being a very useful tool to extract relevant
information from Big Data.

In the field of the analysis and visualisation of data, the development of free software is a good tool for both
analytical and visual integration of information. In this section of the processing of data, software for the analysis
and visualisation of data allow to work with large volumes of data completed over a period of time [12]. The
development of statistical software that allows to work on the analysis of time series further facilitates the im-
plementation of ARIMA models.

The use of free access software as Rstudio, which is an integrated development environment for R, has the
advantage of enabling programming statistical packages as required, as well as of applying all kinds of time series
analysis, in addition to reducing economic costs in any research project. In the present work a script has been
developed in the environment of programming R language that allows the implementation, processing and visu-
alisation of ARIMA models, in order to make it easier for scientists to know about the exploration, exploitation
and manipulation of large volumes of univariate data carrying associated timescales. The script development and
implementation structure is shown in Figure 1.

Therefore, the use of this script achieves the implementation of the Box-Jenkins methodology [11] for the
development of ARIMA-models; in this way, the researcher is able to decompose the time series and to obtain the
most relevant information of the characteristics of the temporal series, showing the extent to which this script
helps in the exploration, exploitation and manipulation of data.

2. Information about the ST.R File

This document provides information about what is and how to use the ST.R script.

2.1. WhatIs ST.R?

ST.R is a code in R language developed for the treatment of time series and the realisation of ARIMA models
following the Box-Jenkins methodology [11]. The script is split into two blocks. The first one is a collection of
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Figure 1. Structure of development and implementation of the script in R. The different
actions to be followed for the implementation of the script are shown. It is a conceptual
model of implementation where Excel is used as a possible tool for data management.
Source: own elaboration.

commands for the numerical and graphic description of the time series, and the development of the ARIMA
models. In the second block the commands of different precision measurements are set up, which allow to com-
pare the forecasts made by the models with the actual data with the aim of selecting the model with the most op-
timal fit to actual observations [13] [14].

2.2. How to Use ST.R

In order to successfully run the ST.R script, the necessary libraries are Imtest and tseries. These libraries are
available from the repository Comprehensive R Archive Network (CRAN) at
http://CRAN.R-project.org/package=OptGS. In this work, the R “stat” package version 3.3.0 was used, using
“ARIMA” argument. The fitting methods are described in the R manual [15].

2.3. ST.R Structure

1) Graphical representation: graphical representation of the time series to visualise its components (trend, cycle,
stationarity and random or irregular component (Figure 2 and Figure 3).

2) Trend analysis: the existence or non-existence of the trend is studied from the graphical results. A linear trend
will be removed with first differences. However, for a nonlinear trend two differences are used. The Dickey-Fuller
[16] and KPSS [17] tests are used for the analysis (Figure 4).

3) Homocedasticity analysis: This is done from both a visual and a mathematical perspective. From a visual
point of view, it is carried out through the study of the thickness of the series. If this thickness remains constant,
with no major irregularities observed, the series will be homocedastic; otherwise, the series will be considered
heterocedastic. From a mathemathical, it is carried out with the application of the homoscedasticity Breusch-

pagan test [18] (Figure 5).
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@Y ST-artR* % =
=] B [Fsourceonsave | Q #~| & |[=#Run | b= | | #Source -

#Library load |
Tibrary(tseries)

#pefinition of the time series with our own data

m

1

2

3

4 #Graphical representation

5

5]

7 #X¥ = Dataset Name, X1 =Dataset Main variable
8

X=-X$x1
9 x=-ts(X,start=#series start year#
10 ,Freguency= #series frequency#)
11

12 #verification that the series has been defined correctly
13 class(x)

14 start(X)

15 end(x)

16 frequency(x)

17 cycle(X)

18 time(X)

19

20 #Graphical representation of the series

21 plot(X, type="o0",col ="red")

22 plot(aggregate((X), FUN=mean), type="o",col ="red"”)
23

24 x.S5TL =- stl(X,s.window="periodic’)

25 Tlines(X.5TLStime.serdies[,2],col="red") # Trend

26 Tines(X.sTLStime.series[,1]+X.5TLStime.series[,2],col="blue') # Trend + stationarity
27  moving.mean_x<-decompose () $trend

28 Tlines(mowing.mean_x, col="red", Tty="dashed")

29

30 #Moving mean filters

31 mva3d_x «- filter(x,filter=1,/3*c(1,1,1))

32 mvaS5_x «- filter(x,filter=1,/5*c(1,1,1,1,1))

33 mvai_x = filter(x,filter=1,/7%c(1,1,1,1,1,1,1))

Figure 2. An R Graphical User Interface (GUI) for step 1. Graphical representation.

B ST-artR* =
o [ [[]5ource onSave | C z = [=#%Run | 2% | |_#Source =~
34

35 #Correlation graphics
36 acf(x,lag.max=7)
37  pacf(x,lag.max=7)

38

39 #analysis of dependence of correlation coefficients

40 Box.test(X, lag = 7, type = c("Box-Pierce”, "Ljung-Box"))
41

42 #Durbin-watson test, to verify the hypothesis of no autocorrelation
43 +#against the alternative of first-order autocorrelation

44  #under a scheme autoregressive -ar ( 1)

45  Tlibrary(Imtest)

46 n=-length(x)

47 ti=<-1:n
48 dwtest(X-ti)
49

50 #Model choice, additive or multiplicative

51 #additive model

52 dif=-diff(x)

53 sd{dif)/abs(mean(dif))

54 #Multiplicative model

55 inc<=-X[-1]1/%X[-T1ength(x)]

56 sd{inc)/abs(mean(inc))

57 #The chosen model has the lowest value

38

59 #Decomposition of the series in components

60 plot(decompose(X,type=#"additive or multiplicative”#))

61 desco_multi<-decompose(X,type=#"additive or multiplicative"#)
62 str(desco_multi)

63 X.5TL =- stl(X,s.window="periodic’, decompose(X,type=#"additive or multiplicative"#))
64 plot(x.sTL)

Figure 3. An R Graphical User Interface (GUI) for step 1. Graphical representation.
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4) Stationarity analysis: As a result of the steps above, when neither seasonal cycle, nor trend, nor a significant
thickness alteration of the series are to be perceived, the series is regarded as stationary (Figure 5).

5) Model identification: the most optimal model type is determined from the order of the Autoregressive pro-
cedure and moving averages of the constituents, both uniform and seasonal. This choice is made from autocor-
relation (FAC) and partial autocorrelation (partial FAC) functions (Figure 5).

6) Estimation of the coefficients of the model: the order of the model having been established, the estimation of
its parameters is made. Given it is an iterative calculation process, initial values (pool of models) can be suggested
(Figure 5).

@7 ST-art.R* =
B [sourceonsave | G #° - i =#Run | % | |_®Source ~
66 [a

67 #Trend analysis
68 adf.test(x)
69 kpss.test(X,null=c("Trend"})
7 ¥_trend=-diff(x, lag=1)
i #verification of normality from a graphical perspective
7 hist(x, prob="T")
7 Tines(density(x), Twd=2)
mu-<-mean(x)
5 sigma=-sd(x)
6 x=-seq(0, 10000, Tenght=100)
7 y=—dnorm(x,mu, sigma)
78 lines(x, y, Twd=2, col="blue")
79 #verification of normality from shapiro test
80 shapiro.test(x)
81 #Trend graphics
82 plot(x_trend)
83 adf.test(x_trend) ‘

Figure 4. An R Graphical User Interface (GUI) for step 2. Trend analysis.

(@9 ST - art.R* =
B [JsourceonSave | & A - i =#Run | [2% | | #Source -
84 #Homocedasticity analysis E

85 Tibrary(Imtest)

86 n=-length(x_trend)

7 ti<-1:n

88 bptest(X_trend-ti, studentize=FALSE)

90 #sStationary analysis

91 X _trend_st<-diff(X_te, lag=#serie frecuency#)

92 plot(decompose(X_trend_st,type=#"additive or multiplicative"#))
93 mu<-mean(X_trend_st)

94 shapiro.test(X_trend_st)

95 plot(x_trend_st)

96 adf.test(X_trend_st)

7 kpss.test(¥_trend_st,null=c("Trend"))

99 #Correlations of the stationary series
100 Tayout(matrix(c(1,2),1,2))
101  acf(X_trend_st,lag.max=7)
102 pacf(X_trend_st,lag.max=7)

104 #Model realisation

105 fit_l<-arima(x, order =c(0,0,1), seasonal=Tlist(order=c(0,0,1), period=#frecusncy#))
106 #Forescast

107 X.pred<-predict(fit_1,n.ahead=#total number of observations of the validation set#)

m

109 #verification of residuals

110 str(fit_1)

111 Tayout(matrix(c(1,2),1,2)) B
112  acf(fit_1%residuals)

113  pacf(fit_1lSresiduals)

114 Box.test(fit_liresiduals,lag=6)

Figure 5. An R Graphical User Interface (GUI) for steps 3 - 7, 10. Homocedasticity analysis; stationarity analysis; model
identification; estimation of the coefficients of the model; detailed error analysis; forecast.
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7) Detailed error analysis: It is made from the verified differences between values observed empirically and
estimated by the model for their final assessment. It is necessary to check an inconsistent regime of them and
analyse the existence of significant errors. The Ljung-Box test is applied [19] (Figure 5).

8) Contrast of model validity: the model or models initially selected are quantified and valued using various
statistical measures. The measures applied are: R? (coefficient of determination), % SEP (standard error per-
centage), E, (coefficient of efficiency), ARV (average relative variance), AIC (Akaike information criterion),
RMSE (root mean square error) and MAE (mean absolute error) (Figure 6).

9) Model selection: based on the results of the previous steps, the model to work on is decided upon (Figure 6).

10) Forecast: the most optimal model will be used as the prediction base tool (Figure 5).

2.4. ARIMA Models

The univariate ARIMA models (p,d,q) [11] try to explain the behaviour of a time series from past observations of

the series itself and from past forecast errors. The compact notation of the ARIMA models is as follows:
ARIMA(p,d,q) @)

where p is the number of autoregressive parameters, d is the number of differentiations for the series to be sta-

tionary, and q is the number of parameters of moving averages. The Box-Jenkins model (p,q) is represented by the
following equation:

Yo=d+dYa+L+dy,+a-0a,-L-0a, @
The autoregressive part (AR) of the model is ¢y, , +L+¢,y, ,, while the part of moving averages of the
model (MA)is -6, —L-6,3,_, - The coefficients of the parameters ¢,, ¢, L.4,, 6,, 6, are determined

@9 ST - art.R*
B [Jsourceonsave | G A+ | ~#Run | % | | ¥ Source -
117 #For model 1 -
118 #RMSE

119 X 0BS5S = fit_1$X 0BS5S #Observed values
120 X _PRE = fit_13$X_EST #Estimated values
121 sse = sum((X_OBS-X_EST)42)

122 rse = 5s58/(N)

123 rmse=sgrt(rse)

124

125 #MSE

126 #N = total number of observations of the validation set
127 #k = the number of the parameters of the estimated model
128 mse = sse/(N-k)

129

130 #Determination coefficient

131 LinearModel.l =- Tm(X_EST ~ X_0B5, data=fit_1)

132  summary(LinearModel.1)

133

134 #vaE

135 teo = sum(abs((X_0OBS-X_EST)))
136 mae=teo/N

137

138 #%SEP

139 mean = mean(X_0B5)

140 SEP = (100%rmse) /mean

141

142 #Eg2

142 sse = sum((¥_OBS-X_EST)A2)

144  ssr = sum( (X_OBS-mean(X_0B5))"2)

145 E2=1-(sse/ssr)

146

147 #ARV

148 ARV=1-E2 =
149

150 #AIC

151 AIC=log({(N-k)*exp(2=k/N)*mse/N) #k = the number of the parameters of the estimated model
152 b

Figure 6. An R Graphical User Interface (GUI) for steps 8 and 9. Contrast of model validity; model selection.
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from the data, by means of any consistent statistic. The ARIMA models allow fitting the trend plus the stationarity
in data. In this case, the model is noted as:

ARIMA(p,d,q)(P,D,Q)’ 3)

where P is the number of autoregressive parameters in the seasonal part, D is the number of differentiations for the
series to be seasonal in the seasonal part, Q is the number of parameters of moving averages in the seasonal part
and S is the series frequency.

The Box-Jenkins method provides forecasts without any previous conditions, apart from being parsimonious
with regard to coefficients [20]. Once the model has been found, forecasts and comparisons between actual and
estimated data for observations from the past can be done immediately [21].

The identification of the parameters p, g, P, Q and S is done by inspecting the autocorrelation function (ACF)
and the partial autocorrelation function (PACF), taking into account differentiation and seasonal differentiation
[22].

To create models, the most suitable values of p, d and q were used, according to the measures of accuracy which
are presented in the section of criteria for model selection. The parameters ¢ and @ are set through the use of the
function minimisation procedures so that the square sum of residues be minimised.

The time series trend is studied applying the Dickey-Fuller [16] and KPSS [17] tests. The Dickey-Fuller test
contrasts the null hypothesis that there is a unit root in the autoregressive polynomial (non-stationary series)
against the alternative hypothesis that holds the opposite. The KPSS is another test with the same aim, but not
exclusive of autoregressive models, supplementary of the former, which contrasts the null hypothesis that the
series is stationary around a deterministic trend against the unit root alternative (non-stationary series). Homo-
scedasticity is studied through the Breusch-Pagan test [18], which contrasts the null hypothesis that holds het-
eroscedasticity exists against its nonexistence.

2.5. Model Selection Criteria

The correlation between the actual and forecast data for a variable (x) is expressed by using the correlation coef-
ficient. The coefficient of determination (R?) describes the proportion of total variation in the actual data, which
can be explained by the model. The coefficient of determination shows a range of variation [0-1]. If R* = 1, it
means a perfect linear fit, that is to say the proportion of total variation in the actual data is explained by the model.
Instead if R? = 0, the model does not explain anything of the proportion of total variation in the actual data [23].

Other selection measures applied in R are the standard error of prediction percentage (% SEP) [24], the effi-
ciency coefficient (E,) [25] [26], the average relative variance (ARV) [27] and the Akaike information criterion
(AIC) [28]. The first four estimators are unbiased estimators which are used in order to check to what extent the
model is able to explain the total variance of the data, while the AIC uses the maximum likelihood function to
select the model which best fits data. Moreover, it is advisable to quantify the error in the same units as the studied
variable.

These measures, or absolute error measures, include the root mean squared error (RMSE) and the mean absolute
error (MAE), both expressed as follows:

z:\il(xt N )/(1\)2

N

RMSE = 4)

Zi’ilxt _)Z‘

MAE = )

where x, is the variable observed at moment t, x is the estimated variable at the same moment t and N is the

total number of observations of the validation set.
The standard error of forecast percentage, % SEP, is defined as:

%SEP:EQQRMSE (6)
X

where x is the average of the variable observed of the validation set. The main advantage of %SEP is its
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non-dimensionality, which allows to compare the forecasts of the different models on the same base.

The efficiency coefficient (E,) and the average relative variance (ARV) are used to verify how the model ex-
plains the total variance of data and to represent the proportion of the variation of the data observed considered for
the model. E, and ARV are defined as:

Zi,\il(xt - )/(1\)2 ,

(% =x)

The sensitivity to the atypical values due to squaring the terms of the difference is associated to E, or to ARV.
The Akaike information criterion (AlIC) combines the maximum likelihood theory, theoretical information and
information entropy [29], and is defined by the following equation [30] [31]:

(N—k)*MSEeZNkj

E,=1- ARV =1-E, )

AIC = Iog[ 8

where N is the total number of observations of the validation set, k is the number of the parameters of the estimated
model, MSE is the mean square error estimated, which is defined by the following equation [30] [31]:

~\2
(%)

N —k
where N is the total number of observations of the validation set, k is the number of parameters of the estimated
model and x, is the variable observed at moment t and x, is the estimated variable at the same moment t. The
AIC criterion takes into account the changes in the goodness of fit and the differences in the number of parameters
between two models [32].

Depending on the fit, a model which explains a high variance level (R?, ARV, E,) in the validation period is
associated to low absolute error (RMSE, MAE), relative (% SEP) and Akaike (AlIC) values. Hence, the hypothesis
is validated that when using AIC the best model will be that which presents the lowest value, since its likelihood
function will fit the data more accurately [28].

MSE=3" 9)

2.6. Application

The nature of information differs now from that of information in the past. Due to the vast amount of measuring
devices (sensors, microphones, cameras, medical scanners, images, etc.), the data generated by these elements
are the largest of the entire available information spectrum. For this reason, the analysis of the wealth of time se-
ries has been carried out in a continuous and frequent way [33] in order to obtain the prediction variables and
thus to be able to warn behaviour in the environment these occur.

The analyses of time series take into account the degree of dependence between observations and allow to
obtain valid inferences without violating basic assumptions of the statistical model or introducing variations in
order to overlook this problem; this way, the model further fits the real behaviour of the series.

Since time series are currently employed in different and various fields of knowledge—telecommunications
[34], fisheries [35], medicine [36], etc.—it is important to perform a script that allows to give a global and inte-
grated vision on the treatment of time series grouping all the relevant information with the characteristics of the
series and prediction models.

Treatment and analysis of time series using free software such as R presents advantages and disadvantages in
comparison with private software. On the one hand R has been used in this work as a free and cross-platformer
software, making it easy to work with different operating systems. As it has an open source, it is continuously
updated by users, not to mention its great graphical power. On the other hand we are aware that the development
of this script in the R programming environment presents a number of drawbacks, such as abundant but un-
structured help information or packages and functions that make it difficult to locate specific information in a
given search. Error messages do not show clearly where in the development of the script the bug is committed,
which creates problems for users with little experience in this programming environment making the initiation
tedious. R is a programming language in lines of commands, which does not use menus as other statistical pro-
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grams (e.g., Statgraphics) interfaces. However this can also be an advantage since R advanced users are able to
schedule the treatment and analysis of data, in order to understand the basis of the statistical development and
data analysis.

To this aim the ST.R script has been created, whose main objective is the analysis and development of fore-
casting models for time series. It can be established that time series models allow to estimate the degree of sig-
nificance of a level change which is operated as a result of the application of a treatment [37]. These models not
only allow to obtain statistical inferences on treatment action, but also solve the problem of dependence inherent
to this type of designs which use a single subject.

In this work, Excel has been used for the database structure management. We know that this system is not
sufficiently solvent to support the current data productions [38]. Although Excel is satisfactory for time series
management since this working field is univariate based, Excel has also the advantage of being user friendly and
accessible for most users. Then this system is considered an efficient tool when it comes to structuring univa-
riate time series.

3. Conclusion

In conclusion, the present script aims to be a useful and efficient tool to give a global and integrated vision on
the time series treatment through the application of Data Mining based on ARIMA models. Introducing this
script has made it possible to group all the most relevant information related to the series and prediction models
characteristics in order to be able to optimise decision-making in research, in the sense of obtaining more robust
and reliable results to support the study.
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