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Resumen

El presente articulo de investigacion se basa en el uso de las redes neuronales artificiales como
herramienta para la prediccién aplicado al consumo de agua potable, donde se aprovecha el
aprendizaje artificial propio de una red multicapa backpropagation con los datos histéricos
consumidos en m3. En un computador de regular caracteristica se logré implementar la red
backpropagation en el lenguaje Python 3.7.0, tomando como objetos de estudio un caso
publicado en su pagina web de la SUNEDU respecto al consumo de agua potable en el 2017 y
comprobando los resultados en enero del 2018, tomando estos datos para el aprendizaje y las
pruebas respectivas. Se ha logrado como resultado predecir la cantidad de consumo de agua de
lainstitucion. La prueba realizada dio como resultado en exceso 23 m3 lo que representa el 2.7%
en exceso dado que en enero del 2018 se registré un consumo de 833m3. Tener en cuenta que
se realizd para el proceso de entrenamiento con un error maximo para el entrenamiento de
0.000099 y con una cantidad maxima de iteraciones de 100000. Posterior al entrenamiento con
los datos histéricos del consumo de agua potable se logré predecir el consumo de la SUNEDU a
enero del 2018
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Abstract

The present research article is based on the use of artificial neural networks as a tool for the
prediction applied to the consumption of drinking water, where the artificial learning of a multilayer
backpropagation network with the historical data consumed in m3 is used. In a computer with a
regular feature, the backpropagation network was implemented in the Python 3.7.0 language,
taking as a study object a case published on its SUNEDU website regarding drinking water
consumption in 2017 and checking the results in January of 2018, taking these data for learning
and the respective tests. It has been achieved as a result to predict the amount of water
consumption of the institution. The test performed resulted in an excess of 23 m3, which
represents 2.7% in excess given that in January 2018 a consumption of 833m3 was recorded.
Bear in mind that it was done for the training process with a maximum error for the training of
0.000099 and with a maximum number of iterations of 100000. After training with the historical
data of drinking water consumption, it was possible to predict the consumption of SUNEDU to
January 2018
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1. Introduction

We start from the general problem of being able to predict the consumption of drinking water in a
given city, it is because of the need not to produce in excess or in defect mainly generating
economic loss and dissatisfaction of the consumed respectively. Because knowing that it is
impossible to give as consumption of drinking water in an exact quantity, the idea is to find a
measure that comes close to an amount of consumption of a later date, therefore, the companies
producing drinking water are going to measure their future production. This goes hand in hand
with economic savings, decision making, consumer satisfaction, etc. Considering that the
prediction error obtained is as small as possible, as shown in the following equation obtained from
(Casimiro, 2009).
er(l) = Yo — Yp(€
r(£) T4 r(f) )

Where it reflects that the prediction error is equal to the difference between the value obtained in
a later time minus the predicted value.

Taking textually (Casimiro, 2009) where it says "In good logic a decision should not be taken
without considering the future evolution of all those events that condition it", therefore it is a
requirement to each of the entities to know subsequent information or to predict in order to make
a better decision.

The field of application of the prediction is in multiple areas, without mentioning all of them, in
reality it is where it requires future information in order to make better decisions.

Considering the different methods to predict, we have the most outstanding such as the statistical
methodology of (Jenkins, 1970) ARIMA (autoregressive integrated moving average) dedicated to
identify, estimate and diagnose dynamic models of time series where the time variable is
considered a very important factor.

Also found according to (Garcia, 2017) is the simple exponential smoothing method, where it
estimates for each period T the parameter a as a weighted sum of all previous or historical
observations, considering more relevant the more current observations compared to the older
ones. As shown in the following equation.

ﬁT = ST =X XT + (1_OC)ST_1 (2)

Where St.1 is the estimation of a obtained in the period T-1 and a is the smoothing constant that
takes values between 0 and 1.

According to (Janert, 2010) shows the regression technique is the most used numerical prediction
method where it is used to predict the value of a continuous or ordered variable. Where it relates
one or more independent variables (predictors) with a dependent variable or response variable.
Considering for it the linear regression, where it is shown in the following equation.

Yy =wo twix (3)
Where the regression coefficients are wo is the displacement w1l slope.

Another method of prediction is multiple linear regression, where many non-linear expressions
can be expressed in a linear function. As shown in the following equation:

Y =Wy + WXy + WoXy + - 4)
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For the Holt method, according to (Bowerman, 2009) it is used when there is a time series and
there is an exponential trend, increasing or decreasing, and it can be modeled, based on the
smoothing method, as shown in the following equation:

ly = yr + (1=)[ly_1 + br_1] )
Where the smoothing constants are a and b for the time series.

In order to solve this type of problem in particular investigations have been carried out as
(Romero, 2012) with his investigation "prediction of academic performance in the new degrees of
the EPS" where he uses as method to predict the mining of data used the software weka. Also in
the research of Jorge Alvarez Blanco (2016) entitled "Prediction of academic results of computer
science students through the use of neural networks" where they use the method of artificial
neural network FBR (Radial Base Function) using for its implementation the Matlab.

The model proposed in this research to identify using the artificial backpropagation neural network
to predict water consumption in m3. According to (Rumelhart, 1986) they presented a method for
a neural network to learn input patterns with similar characteristics, connecting more levels
(layers) than Rosenblatt used to develop the simple Perceptron. Considered as supervised
learning, since it requires a tutor to perform its process, backpropagation, is done through
learning-error. And his proposed model is shown in Figure 1

Salida deseada

J

Capa de enyada Capa oculta Capa de saiida

Figure 1. Back-propagation neural network model. Retrieved from (Rumelhart, 1986)

In figure 1 it represents a model of an artificial multilayer neural network, where it has 01 input
layer, 02 hidden layers and 01 output layer, where [Xp1,Xp2,Xp3...Xpi] represents the input
patterns, Wij represents the values of the synaptic weights, which represents what is learned. bk
represents the pathways, which is nothing more than a neuron for balance. The fi represents the
activation function where the sigmoid function is used. The value of yk represents the output
values obtained, which will be compared with the desired output and the difference represents
the e learning error.

The programming language Python 3.7.0 was used for the implementation of the neural network
model.

For the implementation of the source code, Python 3.7.0 was used to show the results.
Highlighting that the language has libraries that are added to Python, but it was decided to codify
it to know how it works in the learning process and see how it can be tested for particular cases.
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2. Materials and Methods

The model to be implemented is given by 1 entry layer with 2 neurons (additionally the 1 bia), 2
hidden layers with 8 neurons for the entry layer to the first hidden layer, 7 neurons for the first
hidden layer to the second hidden layer and a neuron for the exit layer.

It should be noted that it has an output neuron, since it must learn a predicted value of a time
series. Where the value of tn-2 represents the value in a certain time (prior to tn-1), and the value
of t represents the value with respect to the current time. The model to be presented is shown in
figure 2.

n-2
t
n-1 7, : >
SN\
N
AP v
bin AN g
CAPA DE CAPAS OCULTAS CAPA DE
ENTRADA SALIDA

Figure 2. Proposed backpropagation neural network model for prediction.

Learning factor is considered sigmoid

1 14

f(x)=m

Figure 3. On the left side the equation and on the right side the graph of the sigmoid function as
activation function.

Scale cubic meter values to a range of [0 to 1] by applying the following equation:
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Table 1. Equations for scaling and inverse process
Equation Detall Observation
_ Y — Min r: scaled value Necessary to scale in the
"= Max — Min Y: courage to climb, range of O to 1
Min:  Minimum value of the
Y = r(Max — Min) + Min dataset Necessary to return the

Max: maximum of the data set. ~ ©riginal proportion as a
function of r

Where it is shown the learned results converge in function of figure 4, this for the learning process
is smooth.

The model that is going to be considered for the learning process of prediction, depends on the
time, where tn-4 and tn-3 will generate tn-2, tn-3 and tn-2 will generate tn-1, tn-2 and tn-1 will
generate t, considering these antecedents it is possible to predict the value of '?' where tn+1
represents. Therefore, for each value it will represent the input patterns and a respective output.
As shown in figure 4:

¢ Tiempo
- t t t t 1 t ?=t“+1
Actual Prondstico

Figure 4. Timeline for obtaining data.

Algorithm for the network training process
WHILE error>ErrorMax and i<iteractions DO
Error=1.0
FROM p TO DO patterns
GetError= backpropagation(input, output)
If error<ErrorMaximum
"I LEARN"
END FROM
END WHILE

Analyzing the algorithm based on the backpropagation neuronal network to predict water
consumption, in the first line indicates the learning process according to the number of iterations
established or if the error is still greater than the allowed errorMax, in the second line indicates
that the error will be assigned initially to 1.0 (to enter the for), in the third line will go according to
the amount of input patterns that counts for the training process, in the third line you get the error
while doing the training, in the fourth line evaluates whether the error is less than allowed to
display a message "Learned" This is displayed in Figure 5.
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itrenamiento (self, patrones, iteraciones=100000, N=0.6, M=0.1, ErrorMax=0.000099):
# N: .|
v; r B or - )
’ i<iteracionas):

error = error + self.backPropagate(targets, N, M)

Figure 5. Source code for training
3. Results

It should be noted that the tests were done with encouraging results, was conducted with the
institution SUNEDU which is a state entity that promotes research:

Of the 12 original values (for each month in 2017) where it represents in m3 the consumption of
drinking water by SUNEDU, obtained from the URL
https://intranet.sunedu.gob.pe/documentos/directorios/188/agua-potable-diciembre.pdf, where
22633 iterations were carried out for the training process, but | finish before completing them
since an error of 0.00009 (less than the maximum permissible error) was obtained as shown in
figure 7. With respect to the results obtained that were part of training and it was verified that the
maximum error after the training is 0,006282469 therefore the following comparative figure is
reflected after what was learned, where the values are superimposed (this for the error is almost
0), where the value predicted for t+1 is given by 0,2138466175 that represents in 809.91101 m3
(obtained by carrying out the inverse process of scaling y=r(Max-Min)+Min ) of drinking water.

Table 2. Table of tests performed on values that are part of training

Time Original Scaled value Value obtained Error for each
Value (VE) (VO) value (VE-VO)

t-11 1004 0,581439394 0,581439394 0
t-10 1005 0,583333333 0,583333333 0
t-9 1225 1 0,993717531 0,006282469
t-8 1032 0,634469697 0,639003762 -0,004534065
t-7 960 0,498106061 0,499525459 -0,001419398
t-6 697 0 0,00184481 -0,00184481
t-5 771 0,140151515 0,151187891 -0,011036376
t-4 768 0,134469697 0,145162373 -0,010692676
t-3 858 0,304924242 0,311021482 -0,006097239
t-2 911 0,40530303 0,40811843 -0,0028154
t-1 904 0,392045455 0,392919187 -0,000873732
t 789 0,174242424 0,174273629 -3,12049E-05
t+1 0,2138466175
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Python 3.7.0 (¥3,7.0:1bf%cc50%3, Ju 27 2018, 04:59:51) [M3C v.1%14 64 bit (AMD64)] on win3d

Type "copyright®™, "credita”™ oy "license ()" for mcye information.

mwme—m——— RESTAET! Ct/Usera/P --

Documents/backPropagationZpl.py =
1.0, LE6I246969696965

L.304924242424242453, D,40539303030303403

Figure 6. Results after the learning process of the data
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Figure 7. Graphical results after the learning process of the data

SOURCE CODE

In order to carry out the process of predicting the consumption of drinking water, it has been
necessary to carry out the coding in a language that allows working with functions, this to separate
each of the functions of the backpropagation network as shown below:
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I math
random
atring L

random.seed(0)
# calculate a random number where: a <= rand k

rand(a, b):
{b-a) *random.random() + a

§ Make a matrix (we could use NumPy to speed this up)
makeMatrix(I, J, £i11=0.0):
m = []
i range (I) :
m.append ([£111]*J)
m
# our sigmoid function, tanh is & llittle nicer than the standard 1/ (l+te”-x)

sigmoid(x):
math.tanh (x)

# derivative of our sigmoid function, in terms of the output (i.e. y)

daigmoid(y) :
1-'~' = y"2

Figure 8. Source code of the functions required to perform the training

B Goe Tpwut By [oow Yedse by

s B tracion{}
datos = [1004,1005,1225,1G32,960,697,77L,7€8,856,911,904,769]4 datos de ls linea de tieng
datosE = |

patl = []

maximo,minimo = float(max(datos)), [1oat {min{dstcs))

$ roaliza al a=calaa jo los datos an L rango d (D al
d datos:
datoak.append{ (d-minimo) / {maximo-minimo) )

1 ange (0, Ian (ds
E = |[[datosE[i],dat
patl.append(E)

#valoras pa: eal

Test =

O3E) -2} ¢
E[i141]], |dato=E[142]]]

el teate btenidos de la SUNEDD

Je

[0.5818393594,0.583333333), |0.5B83233333,1),[1,0.6344€9657), [0.634465657,0.4951060¢61
[0. 06061,0],10,0.140151515], [0 51515,0,134469€097], [0.134469697 3049242421,
[0,304924242,0,40830303], [0,40530303,0,3920854551, 10.35204540%,0.174242424)

im it G U

Figure 9. Source code for the training process

4. Conclusions

It is demonstrated that the prediction of water consumption can be made using as a tool the
artificial neural network Backpropagation considering a maximum of iterations of 100000, learning
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ratio of 0.6, moments of 0.1 and maximum allowed Error of 0.00009 and 02 hidden layers with
size according to the proportion of data to train.

The results were encouraging, as it resulted in excess 23 m3 which represents 2.7% in excess
given that the January 2018 publication of water consumption recorded a consumption of 833m?
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