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Tourism is one of the government's priority sectors in contributing to economic growth. East
Java is one of the provinces in Indonesia that has its own attraction for international visitors.
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1. INTRODUCTION

Tourism is one of the priority sectors that has been identified by the government as one of the sectors
that can contribute to economic growth. job creation, community development and encourage regional
development [1]. So that the development of the tourism sector must continue to be improved. Increasing the
added value of tourism is also one of the government's priorities aimed at strengthening economic resilience
for quality growth [2]. The progress of the tourism sector is also used as a measuring tool in assessing the
economic stability and security of a region. If an area receives relatively many international visitors, then in
general the area can be indicated to have reﬁve]y good economic stability and security.

An intemational visitor according to the United Nations World Tourism Organization (UNWTO) and
the International Union of Office Travel Organization (IUOTQ) is any person who visits a country outside
his country of residence, less than one year (12 months), driven by one or several needs without the intention
of earning income in the place visited [1], [3]. International visitor indirectly contribute to growth in various
sectors of the economy, with links ranging from the creation of added value to the labor needed. The increase
in the number of international visitors has an impact on increasing demand for accommodation provision [4].
There needs to be an increase in the provision of hotel rooms and other accommodation, so as not to cause a
gap between demand and supply for these accommodations.

East Java is one of the provinces in Indonesia that has its own attraction for international visitors.
International visitors will appreciate the natural beauty and multiculturalism offered by East Java. In East
Java there is a tourist destination Bmmo—Tengge@emeru as one of the National Tourism Strategic Areas
(KSPN) which is a government program through Presidential Regulation Nura:r 3 of 2016 concerning the
acceleration of the implementation of national strategic projects, which has a strategic nature to increase
growth and equitige development in order to improve community welfare and regional development [5]. In
the Annex to the Presidential Regulation of the Republic of Indonesia Number 18 of 2020 concerning the
2020-2024 National Medium-Term Development Plan (RPJMN) [6], Bromo-Tengger-Semeru is one of the
10 priority tourism destinations, where the benefits of major projects for the 10 tourism destinations of the
2020-2024 RPJMN project are to increase international visitors by 22.3 million arrivals (2024). With the
policies carried out by the government to support the tourism sector, it directly increases international visitor
visits in East Java. Based on BPS-Statistics of East Java Province, international visitor visits in February 2024
increased by 135.78 percent compared to the number of international visitors in February 2023 which
amounted to 11,882 visits, this also had an impact on the occupancy rate of star classification hotel rooms in
East Java in February 2024 reaching an average of 50.53 percent or an increase of 5.51 points compared to
the previous month, The occupancy rate of non-star classification hotel rooms in February 2024 reached an
average of 24.15 percent, an increase of 0.76 points compared to the previous month [7].

With the increasing number of international visitors in East Java, the government and stakeholders
need the right strategy in planning and decision making to determine policy direction. One of the important
things in planning is prediction. Prediction is a forecast of an event that will occur in the future [8], [9]. Based
on adequate quantitative data for predictions about international visitors in East Java will be able to get great
benefits, especially when adjusting existing programs to the development of international visitors visiting
East Java. Based on this, this study will conduct forecasting of international visitors in East Java using k-
Nearest Neigbor (k-NN) and neural network. The RMSE results from each method are then compared to see
which RMSE works best.

Evelyn Fix and Joseph Hodges created the k-nearest neighbor algorithm (k-NN) in statistics as a non-
parametric supervised learning technique in 1951. Regression and classification are two uses for it. The input
in both situations consists of a data set's k closest training sample [10]. K-NN is referred to as case-based
reasoning which is a methodology based on reasoning of cases based on training data of a case stored, trained,
and accessed to solve new problems [11]. K-NN makes firm predictions on test data based on k-nef®st
neighbor comparisons. The near or far of neighbors is usually calculated based on Euclidian distance. The
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best k value for this algorithm depends on the data. usually a high k value will reduce the effect of noise on
the apglication [12].

Neural networks have been around since 1943 when Warren McCulloch and Walter Pitts introduced
the first neural network model calculations. This model describes the way artificial neurons can be used to
process information binary. In 1950, Frank Ronseblatt continued his research by discovering a two-layer
network called a perceptron. Neural network is a model with a flexible function structure, so the neural
network model is rapidly developing and has been widely applied in various fields. Neural networks can be
used to find solutions to problems when classical methods prove difficult or fail frequently [13].

In previous studies, several forecasting methods were used estimation of closed hotels and restaurants
in Jakarta as impact of corona virus disease spread using adaptive neuro fuzzy inference system [14],
forecasting the number of Demam Berdarah Dengue (DBD) patients using the fuzzy method [15], prediction
of the number of visitors per period to beach attractions using triple exponential smoothing [16], classifying
price range of smartphone in market using backpropagation and Learning Vector Quantification (LVQ) [17],
stock price estimation using Unscented Kalman Filter (UKF) [18], forecasting of occupied rooms in the hotel
using linear supportfctor machine [19], profitability estimation using H-Infinity and Ensemble Kalman
Filter (EnKF) [20], analysis of demand and supply blood in hospital in Surabaya city using panel data
regression [21], predictﬂ] of sunlight intensity using neural network and Adaptive Neuro Fuzzy Inference
System (ANFIS) [22], estimation of closed hotels and restaurants as impact of Covid-19 Splal using
backpropagation neural network [23], neural network algorithm for breast cancer diagnosis [24], electronic
nose for classifying civet coffee using Support Vector Machine (SVM), k-nearest neighbor (k-NN), and
decision tree [25], forecasting agricultural products in Malang Regency using k-NN [26], forecasting average
room rate using k-NN [27], forecasting occupancy rate using neural network [28]. In this study, a comparison
of k-NN and neural network will be carried out to predict international visitors in East Java, so as to provide
quantitative information for the government and stakeholders in adjusting the program to the development of
international visitors visiting East Java.

2. RESEARCH METHODS

2.1. Writing Mathematical Equations

In this study, the dataset used is the number of international visitor arrivals in East Java through the
Juanda entrance based on BPS-Statistics of Jawa Timur Province from January 2 to February 2024. The
data obtained is univariate data with a total of 290 records, so it is necessary to do Exploratory Data Analysis
(EDA). EDA is a method of data exploration using simple arithmetic techniques and graphical techniques in
summarizing observational data [29], [30]. Then this univariate data will be processed into multivariate,
changed from period 1 to period 10, the pattern model of changing univariate data into multivariate can be
seen in Table 1 [9],[31].

Table 1. Univar‘ae to Multivariate Data Pattern

Pattern nput lag Output/Target
1 x1,x2,x3, x4, ..., xp xp+l
2 x2,x3, x4, x5, ..., xp xp+2
3 x3. x4, x5, x6, ..., xp xp+3
m-p xm-p, xm-p+1 , xm-p+2, ..., xm-1 xm

2.2. -Nearest Neigbor

K-nearest neighbor (k-NN) is a classification technique that makes firm predictions on test data based
on the comparison of K nearest neighbor [12]. The nearest neighbor is the trained object that has the greatest
similarity value or the smallest dissimilarity of the old data. The number of nearest neighbors is expressed by
the value of k. The best k value depends on the data. In general, a high k value will reduce the effect of noise
on classifications but make the boundaries between each classification even more blurred [32].
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The purpose of the k-NN algorithm is to classify new objects based on attributes and training samples.
Where the results of the new test sample are classified based on the majority of categories in k-NN using the
neighborliness classification as the predictive value of the new test data sample. The distance used is
Euclidean Distance with the following formula (1) (2).

di =X (i — qi)? (1
di =(p1 = q1)* + (P2 = 42)* + -+ (Pn — Gn)? (2)
pi = sample data
qi = test data
i = data variable
= distance
n = data dimension

The working principle of k-NN is to find the closest distance between the data to be evaluated and the
nearest k (neighbor) in the training data. The sequence of k-NN work processes [32], [33]:
1. Specifies the parameter k (number of closest neighbors).
2. Calculates the square of each object's Euclid jar (quei instance) against the given sample data using an
equation.
3. Then sort the objects into groups that have the smallest Euclidean distance.
4. Collect the nearest neighbor classification category.
By using the nearest neighbor category that is the most majority, it can be predicted the value of the
query instance that has been calculated.

2.3. geural Network

The basics of neural networks consist of inputs, weights, processing units, and outputs. Neural
networks can be applied to classifying patterns, mapping patterns obtained from inputs into new patterns in
outputs, storing patterns to be recalled, mapping similar patterns, optimizing problems, and predicting. Neural
networks start from preparing data for training and leaming, findingffleural network architecture, training and
learning processes, and testing processes [34]. Neural networks can change structures to solve problems based
on internal and external information flowing through the network. Neural networks can be used to model the
relationship between input and output to find patterns of data. Neurons are a basic part of the processing of a
neural network. The basic shape of a neuron can be seen in Figure 1.

Weight
O. . . ~— } Output
~———— [ Processing

Figure 1. Design random forest model

q‘ne weight vector (w) contains weights that connect the various parts of the network. The term "w" is
used in the terminology of neural networks and is a suggestion of the expression of connections between two
neurons, that is, the weight of information flowing from neuron to other neurons in the neural network. The
first stage is the process of summing inputs x1, x2,... xn which is multiplied by its weight wl, w2 ,... WN
expressed in equation (3):

Net = (wl.x1 + w2.x2 + w3.x3 + ...+ wn.xn) (3)

%is concept can be written in vector notation as follows:
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Figure 2, Perceptron model

A threshold value of b is called a bias, which plays an important role for some neuron models and
needs to be referred to as a separate neuron model parameter. Various input conditions and influences on
output are required to include a nonlinear activation function f(.) in the arrangement of neurons [35]. This
aims to achieve an adequate level if the input signal is small and avoid the risk of output going to inappropriate
limits. Like the perceptron model in Figure 2 the output of the neuron can be expressed in terms of (4):

y = f(net) (4)

3. RESULTS AND DISCUSSION

The dataset used in this study is the number of internationaleMlisitor arrivals in East Java through the
Juanda entrance from January 2000 to February 2024 (290 months). Furthermore. the data is split into training
data and testing data with a ratio of 70:30. Then a test analysis was carried out with the k-nearest neighbor
algorithm with k-values 2 to 7 and neural netrwok with 1 to 3 hidden layers. After that, a comparison of
RMSE results from the test is carried out to obtain the optimal RMSE.

3.1.  Exploratory Data Analysis

The dataset used in this study is the number of internationaliMlisitor arrivals in East Java through the
Juanda entrance from January 2000 to February 2024 (290 months). Furthermore, the data is split into training
data and testing data with a ratio of 70:30. Then a test analysis was carried out with the k-nearest neighbor
algorithm with k-values 2 to 7 and neural netrwok with 1 to 3 hidden layers. After that, a comparison of
RMSE results from the test is carried out to obtain the optimal RMSE.

The dataset used in this study is the number of international visitor arrivals based on BPS-Statistics of
East Java Province. Datasets that are still in univariate form will be processed into multivariate. Univariate
data determined variable xt in the period to be created. Where the variable xt is the dependent variable and
the variables xt-1 to xt-10 are the dependent variables. The following is univariate data obtained from the
number of international visitor arrivals in East Java from January 2000 to February 2024 which can be seen
in Table 2.
Table 2. Univariate Data on the Number of International Visitors in East Java

Year Moon Sum
2000  January 7879

2000  February 7268
2000 March 8532
2000 April 7376
2000 May 7582
2000 June 8696
2000 July 9005
2000 August 8947
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Year Moon Sum
2000 September 7854

2000  October 8949
2000 November 10926
2000 December 12357
2001 January 7488
2001  February 7051

2023 September 25593

Next is to convert univariate data to multivariate from 1 period to 10 periods, the result is as in Table
3 below.

Table 3. Multivariate Data Training at Input Layer 1 to 10 Periods

Xt XT-1 XT2 XT3 .. XT-10
7879 7268 8532 7376 .. 10926
7268 8532 7376 7582 .. 12357
8532 7376 7582 8696 .. 7488
7376 7582 8696 9005 .. 7051
582 8696 9005 8947 .. 8904
8696 9005 8947 7854 .. 8189
9005 8947 7854 8949 .. 8717
8947 7854 8949 10926 .. 10161
7854 8949 10926 12357 .. 10177
8949 10926 12357 7488 .. 10380
10926 12357 7488 7051 .. 9186
12357 7488 7051 8904 .. 9753
7488 7051 8904 8189 .. 11521
12361 15734 18025 20303 .. 28015

3.2.  K-Nearest Neigbor Algorithm Test Analysis

The dataset of the number of international visitors has been converted into multivariate data, then
divided into training data and teting data using a ratio of 70:30. Furthermore, using the k-nearest neighbor
algorithm with k-values 2 to 7, an application model was carried out to determine the performance of each k-
value. The results of testing the k-nearest neighbor algorithm can be seen in Table 4.

Table 4. Test Results Using k-NN

K-Values RMSE
2 1594.674

3 1.622,701
4 1.688,320
5 1.636.,585
6
7

1.713,065
1.795,068
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From the forecasting carried out using k-NN with k-values 2 to 7, it is known that RMSE is best found
in k-values 2 with an RMSE of 1,594 674. Meanwhile, the highest RMSE is found in k-values 7 with an
RMSE of 1,795,068 a difference of 200,394 compared to RMSE in k-values 2. Real comparison of
international visitor data with prediction results using the k-INN algorithm can be seen in Figure 3.

B Real Data of International Vis... — k-2 k-3 k-4 — k-5 —k-& — k-7

Figure 3. Prediction of international visitors using k-NN

In the graph above, the real data of international visitors is shown in the black plot type area. While
the results of international visitor predictions using the k-NN algorithm are shown in a line plot type that
displays each k-value from 2 to 7. The highest international visitor data was found in July 2018 with 33,390
international visitors on real data and 30,691 international visitors on prediction data with k-values 2 (a
difference of 2,699 compared to real data), and international visitors with 27,685 on prediction data with k-
values 7 (a difference of 5,705 compared to real data).

RMSE is best found in k-values 2 with an RMSE of 1,594 674 . Real compﬂ.njn of international visitor
data with prediction results using k-NN with k-values 2 can be seen in Figure 4. In the graph, the black line
shows real data of international visitors and the red line shows the predicted data of international visitors.
Real data of international visitors in May 2020 experienced a significant decrease with 12 international
visitors, until November 2021 international visitors showed 0, which was the impact of the Covid-19
pandemic, while prediction data using k-NN with k-values 2 in May 2020 showed 58 international visitors
and in November 2021 showed 18 international visitors. The development of international visitors began to
increase again in July 2022 with real data of international visitors of 6,087 and international visitors of 6,524
in the predicted data with k-values 2 (difference of 437).

10k
15k

10k

sitor, k-2

atinnal ¥

Real Mata of Intes

2001 I FOI aning FI T 1 n Ty A01E
Manin

— Real Data of International Vis.. — k-2

Figure 4. Prediction of international visitors using k-NN
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3.3.  Newural Network Algorithm Test Analysis

The dataset of the number of intemmational visitors has been converted into multivariate data, then
divided into training data and teting data using aratio of 70:30. Furthermore, using a neural network algorithm
with hidden layers as many as 1 to 3, apply a model to determine the performance of each hidden layer. The
results of testing the neural network algorithm can be seen in Table 5.

Table 5. Test Results Using Neural Network
Hidden Layer RMSE

1 1985373
2 1.873,355
3 1933.628

From the forecasting carried out using a neural network with hidden layers as many as 1 to 3, it is
known that RMSE is best found in two hidden layers with an RMSE of 1.873.355. Meanwhile, the highest
RMSE is found in the three hidden layers with an RMSE of 1,985,373 a difference of 112,018 compared to
the RMSE in the two hidden layers. The test model using neural networks with each hidden layer size 8 can
be seen in Figure 5 (a) for neural network algorithms with one hidden layer, Figure 5 (b) for neural network
algorithms with two hidden layers, and Figure 5 (c) for neural network algorithms with three hidden layers.

Input Hidden 1 output Input Hidden 1 Hidden 2 Output

N = -}
NS N
~ S NN
QR D O—
o RN
i
@) _
=, o
. O c
@
@®
(a) (b)
Input Hidden 1 Hidden 2 Cutput
&®
OX
@)
O
@)
O
@)
O
O
@)
o

(©)
Figure 5. Neural network model, (a) one hidden layer, (b) two hidden layer, (¢) three hidden layer
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Real data comparison of international visitors with prediction results using neural network algorithms
with hidden layers as many as | to 3 can be seen in Figure 6. In the graph, the real data of international
visitors is shown in the black plot type area. While the results of international visitor predictions using neural
network algorithms are shown in line type plots that display each hidden layer from 1 to 3. The highest
international visitor data was found in July 2018 with 33,390 international visitors on real data and 29,306
international visitors on prediction data with two hidden layers (a difference of 4.084 compared to real data).
and international visitors with 31431 on prediction data with one hidden layer (a difference of 1,959
compared to real data).

a0k

Sk

NNG

Re

W Real Data of International Vis... NN — NN NN3
Figure 6. Predict international visitors using neural networks

RMSE is best found in two hidden layers with an RMSE of 1,873,355. A comparison of real data of
internation§l visitors with prediction results using neural networks with two hidden layers can be seen in
Figure 7. In the graph, the black line shows real data of international visitors and the blue line shows
prediction data of international visitors. Real data of international visitors in May 2020 experienced a
significant decrease with 12 international visitors, until November 2021 international visitors showed 0,
which was the impact of the Covid-19 pandemic, while prediction data using neural networks with two hidden
layers in May 2020 showed 258 intemational visitors and in November 2021 showed 174 international
visitors. The development of international visitors began to increase again in July 2022 with real data of
international visitors of 6,087 and international visitors of 6,630 in the predicted data with two hidden layers
(difference of 543).

Initernatianal Visiter, NN?

— International Visitar  — NN2

Figure 7. Predict international visitors using neural networks with two hidden layers
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34.  Algortihm Testing Comparison
Comparison of RMSE results using k-NN algorithm on k-values 2 and neural network on two hidden
layers. The results of the comparison of these algorithm tests are shown in Table 6.

Table 6. Comparison of Algorithm Testing

Algorithm RMSE Remarks
k-NN 1.594 674 k-values =2

Neural Netwok 1.873.355 Two hidden layers

The most optimal RMSE result is using k-NN with k-values 2 with an RMSE of 1,594,674, a difference
of 278 681 compared to using a neural network algorithm with two hidden layers. Comparison of real data
of internf{fional visitors, prediction of international visitor split data 709%:30% using k-NN algorithm with k-
values 2 and neural network algorithm with two hidden layers shown in Figure 8. In the graph, the black line
shows real data of international visitors, the red line shows prediction data using k-NN with k-values 2, and
the blue line shows prediction data using neural networks with two hidden layers.

Manth

= Real Data of International Vis... = k-NN (k-values 2) = Neural Network (Two Hidden Layer)
Figure 8. Comparison of international visitor predictions using k-NN with k-values 7 and neural networks with

two hidden layers

4. CONCLUSIONS

Based on a comparison of tests using the k-NN algorithm and neural network to determine the
forecasting of the number of international visitor arrivals in East Java through the Juanda entrance with a data
split of 709:30%. the most optimal RMSE results were obtained using k-NN with k-values 7 resulting in an
RMSE of 1,594,674. So it is recommended to be able to use the k-NN algorithm as a prediction of the number
of international visitors in East Java, the results of this study can provide quantitative information for the
govermnment and stakeholders in adjusting the program to the development of international visitors visiting
East Java. For other research, this research can be a reference to increase knowledge and further research and
develop with other methods.
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