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Abstract:

This study is aimed to develop a modern concept for forecasting in hospitality industry and tourism. Methods/Analysis: In this
paper it is studied a current researches in neural network’s technology and its implementation in hospitality and tourism. It is
important to understand that classical methods of data analysis nowadays are not able to make best results. There is a need
to combine them to some elements of artificial intelligence. Hospitality industry and tourism paid great attention to the
implementation of neural network applications in the analysis and forecasting. Modern economy is very susceptible to the
influence of many factors which complicates the application of classical statistical procedures; neuroagent is a complex method
of forecasting and decision-making and can be a good solution in the analysis of hidden relationships and the search for
optimal response to emerging threats in hospitality and tourism. This study can be used as a concept for creation of some
decision-making systems in hospitality and tourism or early warning systems.

Keywords: hospitality industry and tourism; neural networks; neuroagent; forecasting
JEL Classification: C530; E370; M39.
Introduction

Forecasting in the hospitality industry and tourism is one of the major control tools. Classical prediction methods
do not give high-quality results because of the increasing complexity of economic relations and the number of
factors that influence the whole industry and particular enterprises. In these circumstances, it is necessary a tool
to simplify the decision-making process, to obtain more accurate predictions, to warn of possible trouble and
prevent them. The article reveals the method of application of neuroagent technologies and their opportunities in
the hospitality industry and tourism.

1. Peculiarity of application of neural network technology

Recently neural network technology is becoming more wide spread in forecasting macro- and microeconomic
processes, as they have a wide range of ability in the recognition and modelling of linear and nonlinear relationships
among economic variables. The related neural network solutions shows that neuromodel be much more productive
than classical linear models for complex economic phenomena and various economic indicators. But we should
not consider neural networks as a panacea for all problems in forecasting, because they also have their drawbacks.
Many researchers consider the neural network technology as a substitute for traditional econometric methods, but
neural networks are a powerful tool that should be used together with modern methods of forecasting. The most
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full potential can be used and consists in incorporating the entire set of forecasting techniques in the toolkit of the
analyst of the hospitality industry and tourism.

Neural network (Artificial Neural Network, ANN) is a mathematical model and its software or hardware
implementation, based on the principle of organization and functioning of biological neural networks — networks of
nervous cells of a living organism.

The human brain is the most complex computer. In order to better understand its functioning, many
researchers attempted to copy his work through the development of artificial intelligence. Part of the research in
the field of artificial intelligence has gone the way of creation of artificial neural networks. In general, a neural
network is a mathematical model, structured like the human brain, which aims to identify specific patterns in existing
data. At the initial stage of development of neural networks, scientists have tried to reproduce the activity of the
brain in order to study the learning process of the brain itself. However, studying the learning ability of neural
networks has led to the fact that there are a number of possibilities of their application using the capabilities of
neural networks to learn, for example, handwriting recognition, diagnosis of breakdowns of machinery, etc. A lot of
research assumptions was determined possibilities of neural networks in forecasting volatile financial indicators
whose behavior was difficult to simulate using existing statistical forecasting methods, such as exchange rates,
stock prices, etc. Neural networks have been successfully applied to issues of macroeconomic forecasting, for
example the indicators of economic growth, resource consumption, etc.

The advantages of neural networks include:

= successful modelling of nonlinear dependencies. Neural network with nonlinear activation function is

apriori more effective than the regression model in case of nonlinear dependence. So some scientists
believe that the application of neural networks is most effective for a large time horizon;

= no need of assumptions about the nature of dependence between variables. For classical studies and

modelling is characterized by the presence of some assumptions of researchers about the nature of the
test data, to be able to transform them correctly. In the case of neural networks, the researcher does not
have to worry about the nature of the data and internal dependencies, since the neural network in this
case is a «universal approximator», to be able to match the model to any data.

= high flexibility of the model. It means that for any existing model you can change the activation function,

number of neurons per layer, number of layers, leaving the basic architecture that can substantially
increase the predictive ability of the network without significant costs.

The disadvantages of neural networks include:

= the complexity of the interpretation of the weights («black box»). Any neural network, consisting of more
than one neuron, is a complex nonlinear function, which complicates the interpretation of its results. In the
case of classical regression, the values of its coefficients are a measure of the impact of each variable on
the outcome of the model. In the case of neural networks, it is almost impossible to determine the impact
of each factor on the overall result. Thus, the neural network uses the input dataset to define a response,
but the researcher is not able to determine why it received such a forecast. Some scientists propose a
sensitivity analysis as a solution to this problem;

= almost impossible to find the global minimum error. However, many local minimums give an adequate
prediction;

= even quite simple neural network can contain a large number of internal weights. In the case of a small
amount of historical data, this will lead to overfitting, even if you use the procedure of early interruption of
training. The procedures require break the historical data into three sets, which reduces the amount of
data used for training, and thereby reduces its quality. In this case, everything depends on the nature of
the investigated indicator;

= developing the architecture of the neural network may take a long time. The creation and validation of a
neural network is a much lengthier process than development of a simple regression model. Substantial
assistance can provide the specialized products and preprocessoring data based on the same linear
models.
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Problems solved by using neural networks are directly relating to the main idea of identifying certain patterns
in existing data. Accordingly, it is possible to specify three major groups of tasks: prediction, classification, and
agents.

In Economics and management neural networks are applied more and more often (Cuhadar 2014, Popirlan
and Stefanescu 2011, 2013). The possible applications include the analysis and assessment of risks, detection of
financial and other fraud, macro - and micro-economic forecasting, marketing research, prediction of customer
behavior, forecast of cash funds, various economic parameters, indexes. At the enterprise level the maximum effect
is achieved when the demand forecast, sales, downloads, identify market trends, existing correlations, patterns and
exceptions in behavior, competitive analysis, quality control, forecasting resource consumption, security on the
basis of the recognition of photo and video information, signature recognition and many other applications.

It is important to understand that the modern economic relations and the systems are very complex objects,
so the creation of traditional mathematical models describing all the possible relationships between the factors
becomes increasingly difficult despite the growth of computing and databases. In this situation it becomes apparent
the application of simulation models on the basis of artificial intelligence, particularly neural networks, to which they
are generally and historically focused.

In 2016 in the area of neural network theory and applications has been a number of significant events.
However, in the first place you can put such a major event as the overwhelming win AlphaGo neural network
artificial intelligence (developed by Google) on the world champion in the «go» game. In addition to this event, their
developments in the field of recognition of graphic images showed Microsoft (projects How-Old.net, CaptionBot,
WhatDog, efc.), as well as interesting services MSQRD, likemo.net, prism, Mivch and others.

Some software for hotels are working on neural networks, solving such tasks as segmentation of the
consumer decision-making for booking groups and to develop predictions of the performance of the hotels. Interest
in artificial intelligence and neural networks stimulates the release of the leading producers of software standard
statistical data processing additional modules to their systems. Thus, neural networks are one of the directions of
modern development of artificial intelligence systems. They can be used in forecasting, classification and decision-
making. There are a large number of existing modern developments in the application of neural network
technologies, which allow to obtain significant results.

2. Overview of neural network research in the hospitality industry and tourism

In the hospitality industry over the last 10-15 years there has been a qualitative leap in the application of neural
network technology to predict. Neural networks have been applied in different parts of the world, but in general has
always given positive results. Consider the examples of application and some of the results and characteristics of
studies.

Song and Li (2008) pointed out a huge number of studies on modelling and forecasting tourism demand.
The study was actually conducted around the world; among the more than 100 studies, only the following were
implemented with neural networks: Burger (2001, investigated South Africa), Cho (2003, Hong Kong), Kon and
Turner (2005, Singapore), Law (2000, the Taiwan-Hong Kong 2001, Japan-Hong Kong), and Pai and Hong (2005,
Barbados), Palmer (2006, Singapore).

In 2014, Murat Cuhadar, Iclal Cogurcu and Ceyda Kukrer (2014) conducted a study of tourist demand for
cruises to Izmir, applying several neural network architectures. In the study they found that nonlinear and non-
stationary nature of tourism demand makes forecasting very difficult and it is necessary to develop new methods,
including emphasize neural network modelling as one of the most important tools of the researcher. By their opinion,
first of all, neural networks do not require any initial hypotheses about models and problems, in addition, there are
a set of neural network techniques that can be used to obtain the best result. In their work they used multilayer
perceptron, radial basis function network and generalized regression neural networks for the analysis of monthly
data on arrival. Experimental work showed that the best predictive model is RBF. Neural network with no problems
(overfitting, structural error) managed the task of predicting, achieving good forecast for 2014. Authors state that to
improve the methods of forecasting further development should be in the field of support vector machines
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(algorithm, similar to supervised learning), fuzzy logic, genetic algorithms, and adaptive networks-based fuzzy
inference systems.

In 2016, Edi Noersasongko, Fenty Tristanti Julfia, Abdul Syukur, Purwanto, Ricardus Anggi Pramunendar
and Catur Supriyanto conducted a study on tourist arrivals using neural networks based on genetic algorithms. In
this study, the authors point out that many scientists apply the network based on back propagation, but the result
is not always satisfied. Based on historical data for the 1991-2013, the researchers conducted a comparison of
three predictive models: back propagation, nearest neighbor method (k-nearest) and linear regression model. To
optimize the neural network a genetic algorithm was used. As a result, the neural network showed a much lower
error than other two methods. As an error measure RMSE was used (Noersasongko et al. 2016).

In 2016, Selcuk Cankurt and Abdulhamit Subasi conducted a study on data mining in modelling and
forecasting tourism demand. They conclude that the study of such complex multi-factor tasks is necessary not just
to learn a particular time series, but also to identify the interaction of several variables. The researchers analyzed
arriving in Turkey, and 26 the most important source countries. The results were as follows: was the best model
developed on the basis of the method of support vector. However, the authors conclude that at present there is no
system in choosing an appropriate forecasting model, the management of tourism organizations feel the need for
such methods and estimates in order to improve tourism management at the national level (Cankurt and Subasi
2016).

In 2008, Tugba Efendigil, Semih Onut and Cengiz Kahraman investigated the system of decision-making
and forecasting based on artificial neural networks and fuzzy neuromodules. The authors point out that in any
organization there is a need for decision-making based on indicators of current demand in order to achieve
competitive advantage. In their work proposed a mechanism that combines neural network technology with the
techniques of fuzzy systems for the purpose of developing forecasts of fuzzy or incomplete data on demand. The
study showed that the performance of the proposed hypotheses and models of adaptive networks based fuzzy
inference systems (Efendigil et al. 2008).

In 2013, Oscar Claveria, Enric Monte and Salvador Torra conducted a study on forecasting tourist demand
of different models of neural networks. Were examined tourist flows in Catalonia from different countries for the
period from 2001 to 2012 through three models: multilayer perceptron, radial basis functions and Elman network
(recurrent neural network). Studied the different topologies of these types of neural networks. As a result, the best
performance has shown MLP and RBF, and the most high-quality forecast has shown by the RBF. The researchers
also suggest that it is need to identify dependencies between the growth rates of arrivals from different countries.
In addition, one of the conclusions of the study was that best results neural network can show in long-term
forecasting (Claveria et al. 2013).

In 2011, Chang-Jui Lin, Hsueh-Fang Chen and Tian-Shyug Lee conducted a study on tourism demand
forecasting based on neural networks and multivariate adaptive regression splines. They analyzed monthly data
on tourist arrivals to Taiwan based on the three methods: neural networks, ARIMA and multivariate regression
splines. The results of the study were as follows: the worst performance — splines, the best — ARIMA models. Neural
networks were in the middle but also demonstrated the high quality of the models and forecast (Lin et al. 2011).

In 2012, Huai Qiang Zhang and Jing Bing Li researched forecasting the number of tourists based on radial
basis functions neural networks. They were able to build a forecast of the number of tourists in one of the China
provinces — Hainan Island: according to the data for five years were based on a forecast for a sixth year. The neural
network was successfully trained and give adequate predictions that, according to the authors, helps to create an
International Tourist Island of Hainan (Zhang and Li 2012).

In 2011 Paula Odete Fernandes, Jodo Paulo Teixeira, Jodo Matos Ferreira, Susana Garrido Azevedo
investigated tourist demand for rural tourism in two regions of Portugal. The study showed excellent results of
neural network models for both regions. The authors conclude that the neural network necessarily to be used if the
original data are non-linear. The neural network consisted of 4 neurons in the hidden layer, logistic activation
function and learning algorithm of back propagation (Fernandes et al. 2011).

In 2016, Russian scientists K. Miloradov and G. Eidlina researched the mutual influence between outbound
and domestic tourism in Russia based on neural network model. This paper analyzes the impact of changes in the
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outbound tourist traffic related to the closure of Egypt and Turkey for Russian tourists (Miloradov and Eidlina 2016).
Unfortunately, the technical details of the study omitted, the authors are limited to verbal description of what is
happening in the Russian tourism changes.

Thus, the artificial neural network is very actively used in tasks of research, analysis and forecasting in the
hospitality industry and tourism. At the level of specific enterprises neural networks can be used in a large number
of applications: risk assessment, identify threats, help in decision-making that will be discussed later.

3. The concept of neuroagent for the hospitality industry and tourism

Researchers and analysts in the hospitality and tourism practice mainly quantitative causal analysis techniques for
forecasting and time series analysis. However, neural network analysis allows the study of the interrelationships
and influence of various factors on the state of the economy, much exploring large amounts of data and revealing
hidden patterns is not always defined by traditional methods (Kozlov 2016, 2017).

The modern economy of hospitality and tourism is affected by many internal and external factors. For the
assessment of tourist demand and other market parameters there is the necessary for modern tools of analysis
and forecasting. Traditional methodological approaches do not always give positive results. There is a need for a
new conceptual approach to the process of developing forecasts in hospitality and tourism based on the integrated
use of quantitative, qualitative forecasting techniques, neuroagent and cloud technologies.

In addition, it becomes more and more performance indicators themselves. Modern economic theory
promoted by the world tourism organization, for example, the concept of sustainable development, involve the study
of a variety of indicators and there is the need to leverage on them. In these conditions, it is increasingly manifested
the presence of distributed processes in the hospitality industry and tourism, making necessary the application of
intelligent control. One of the important directions of the use of such intelligent control supports the automation of
detecting and correcting a maximum number of negative developments in the industry by using modern hardware
and software computer systems. The use of artificial intelligence elements in combination with cloud-based
technologies allow to create situational advising systems that can react quickly to changing business conditions
and offer solutions to arising negative economic situations.

The World Tourism Organization in 2008 released a document entitied «Handbook on Tourism Forecasting
Methodology», which revealed the basic issues of forecasting in the hospitality industry and tourism, including a
description of the forecasting methods and examples of such forecasting in different countries. The goal of
forecasting is to predict the future. Sometimes it is easy to do, especially if the events recur regularly and follow
simple models. But if the process is complex and depends on many factors, its prediction becomes difficult and
sometimes impossible. Forecasting in the hospitality industry and tourism refers specifically to this type. Forecast
strongly affects the development plans and their effectiveness. Employees of the tourism industry understand that
the tourist demand (in the broadest sense of the word) affect a huge number of factors, so to predict this figure is
the hardest. Forecast tourism demand can be carried out by different methods from the expert to the complex
mathematical models that can greatly increase the accuracy of forecasts. The major methods of forecasting are
simple enough: simple linear regression, decomposition, differencing method, random walk method, moving
averages, exponential smoothing — quantitative; Delphi, scenario planning, expert assessment of quality. It is
recommended to use mixed versions. Unfortunately, this approach is applicable more in macroeconomic research
at the level of national economies, where the indicators are behaving quite stable and the accuracy of the
predictions is quite large. On the microeconomic level, or even at the enterprise level, this approach is not always
the most effective.

In this regard, it is proposed the following concept of forecasting: the key to predictive management in the
hospitality industry and tourism is to identify a number of states that lead to other known states. For realization of
such approach it is possible to use so-called agent technologies that can be implemented using different tools
including artificial neural networks. In this case, they are called neuroagents.

The greatest application of agent and neuroagent technology is in managing computer networks. However,
the economy also has a number of issues where the use of such technologies can benefit. These include analysis
and forecast of various economic information at different levels of management, forecast demand based on multi-
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factor models, the identification of the precarious economic situations or emerging economic threats, unusual risks,
analysis of their possible consequences.

Neuroagent is able to perform a large amount of information, including a huge database collected at the
level of the whole economy and at the level of specific companies, segments of companies or competitors. As a
result of this analysis neuroagent is able to identify explicit and hidden dependencies in the data, a model of
economic behavior in order to detect unexpected or implicit changes and to forecast development.

In order to neuroagent began to operate successfully, it needs training. Such training is to run a certain
amount of data characterizing certain patterns of behavior of the economic system. This is done in order to
recognize the existing in their model, and to determine causal relationships. This learning process goes on
constantly: when new data appears neuroagent adds it to the database of training that leads to the updating or
correction of the models and relationships. It may happen that neuroagent reveals a situation, which before him
was unknown. In this case again, it will update its internal model, increasing their analytical skills. Ultimately,
neuroagent uses growing adaptive training, which only leads to the growth of his abilities. In this sense, neuroagent
can be used as a predictive system that identifies possible problems before they actually happen.

Briefly, the method of neuroagent as follows: after the creation of a unique individual profile of a controlled
economic system it starts to monitor its activities; identifying and analyzing the changes of required indicators,
taking into account existing experience; further developing neuroagent forecast spent economic system in the near
or distant future; if there is a possibility of some negative or unforeseen situation that has never been caught in the
process of training, neuroagent delivers context-oriented signal about the occurrence of such a situation.

Thus, neuroagent makes predictions of certain critical states of the economic system that allows you to
manage them and produce the required actions to prevent them before they show a negative impact on the
economy as a whole or on the activities of a particular company. Neuroagent does not require much material or
intangible resources; it is not a problem in itself, he does not need the presence of highly qualified staff as is
necessary when using classical prediction methods. Neuroagent can be adjusted to specific conditions under which
the system enters the alarm state. Moreover, there is no need to review the forecast models in the emergence of
some new, previously unknown data or situations, because their appearance neuroagent updates existing
economic profiles, which increases the quality of the developed forecasts. Neuroagent is very quick to learn, but
not to require superficially power. In addition, neuroagent is possible to load data for new factors affecting economic
activity.

4. Discussion

As some discussion topics for implementing neuroagent concept in hospitality and tourism should be allocated
such technical problem as definition of clusters (or states) in data. It is proposed the using of Kohonen network to
create a map of common states of economic situation. But the number of such states is equal to the number of
neurons in Kohonen network. So, first of all there is a need of methods to define the best network’s topology.

It is possible that there are less states than neurons. In this case there is a need of methods to combine
some neurons and to merge them to one state.

In addition, in neural networks it is difficult to interpret obtained states. If cluster analysis is used, there is no
problem to identify and to describe the characteristics of states. But in the case of neural networks we have only
weights, which is hard to understand.

Conclusion

Hospitality and tourism in modern conditions is one of the world's leading industries, however, it is very much
affected by number of internal and external factors. The number and degree of influence of each of these factors
is constantly changing. In these circumstances, to assess economic conditions and development patterns prevent
or respond to emerging changes are necessary some modern instruments for analysis and forecasting. Traditional
qualitative and quantitative forecasting methods can be successfully applied in macroeconomic studies with simple
models of the data behavior, however, the increase in the number of factors and their sudden changes, the
traditional methods may not always provide positive results. Under these conditions, we propose a new conceptual
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approach to the process of developing forecasts of hospitality and tourism based on the integrated use of traditional
quantitative, qualitative forecasting techniques, and include neuroagent and cloud technologies.

Hospitality industry and tourism paid great attention to the application of neural network technologies in the
analysis and forecasting; the modern industry is very susceptible to the influence of many factors, which is often
nonlinear, which complicates the application of classical statistical procedures for the analysis and prognosis; as
one of problem solution is the comprehensiveness and complexity of the data is the use of neural network
technology; neuroagent as a complex method of forecasting and decision-making, can be a good solution in the
analysis of hidden relationships and the search for optimal response to emerging threats.
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