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Abstract: - All the tourism stakeholders, mainly the hoteliers, need a state of the art online information system 
to reply to the customers searches with the necessary and updated information. On the other hand, the hoteliers 
also need information about their organization competitive set, which implies having access to information 
about the clients, competitors, and all the stakeholders associated to the hospitality activity. To satisfy the 
hotels and consumer needs, it is essential to have access to a Business Intelligence (BI) system, which 
consolidates all the relevant data to be used by the analytical tools. In this sense, BI systems have some 
challenges related to the definition of an adequate methodology to integrate and store the retrieved data into a 
hospitality Big Data Warehouse. This paper presents the challenges and some of the necessary steps to 
overcome the problems associated with the information management and consolidation in a hotel Big Data 
Warehouse. 
 
 
Key-Words: big data analytics, business intelligence, information systems, big data warehouse architecture, 
information consolidation, hospitality, tourism. 
 
1 Introduction 
Common travelers plan their vacations or travels 
using the Internet to search for information about 
tourism products that they intend to consume, such 

as accommodation, transportation and 
entertainment. In addition, they search for 
information about other traveler’s opinions, to know 
if they had a good experience in the destinations, 
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they intend to visit. Therefore, it is common to have 
travelers making their decisions, about what they 
want to experiment in their holydays, using the 
information they have access to in the internet. In 
resume, they will buy according to their preferences 
and the opinions of others travelers [1].  

In this environment, for all the tourism 
professionals, in particular for hoteliers, marketers 
and organization managers, it is relevant to have 
access to analytical information of what are the 
traveler’s commentaries, for instance, which 
commentaries emerge in the internet, and which 
were more considered by the consumer in the 
moment of their decision. These commentaries 
become part of the online reputation of the tourism 
destination. For the hotel, the online reputation and 
the travelers who produce the commentaries are 
considered as hotel representatives or hotel brand 
agents [2, 3]. 

For the hotel decision makers, the access to a 
technological analytic tool that collects the online 
information about their business and their 
competitor (which integrates analyses to support the 
decision maker) is mandatory. The need to define 
strategic actions to create new values or increase 
their competitiveness, can make the difference 
between success and failure, once the analytic tool 
can achieve new ideas to implement new actions 
and create new values to the consumers [4].  

However, the creation of tools with these 
characteristics, which will coexist in a technological 
architecture, have some challenges to overcome. 
One of those challenges is the definition of the 
procedure to store and manage the data collected 
from different web sources [5]. Maybe even more 
important, it is the information consolidation in a 
Big Data Warehouse (BDW), in order to be used by 
the analytical components in a context of Business 
Intelligence (BI) and support the different kinds of 
management in a hotel business [6]. In hotel 
revenue management activities, which is supported 
on the manager’s experience and available 
information, must be constantly updated. These 
challenges assume a great relevance due to their 
nature.  

In addition, in a BDW some tasks must be 
performed: (i) integration of the information 
collected from different internet sources. (ii) Update 
and maintenance of the new information gathered 
from the internet (once the information about 
accommodation is constantly changing), e.g., the 
rooms prices or the promotions offered in according 
with the customer profile. (iii) Maintenance of the 
historical data, which will be relevant to the hotel 

big data analytics, in order to achieve the business 
intelligence systems requirements [6].  

Based on a primary database [6, 7] founded by 
data collected by WebCrawlers from different web 
sources (such as Expedia [www.expedia.com] or 
Booking [www.booking.com]), this paper presents 
the challenges and the necessary steps to overcome 
the problems associated with the definition of an 
adequate structure and suitable process of 
information consolidation in a BDW, here 
designated as a secondary database (see also [6]). 
The collected data is then to be used by the 
analytical tools to fulfil the needs of a Hotel 
Business Intelligence Manager. 

The article is structured as follows: after the 
introduction, the second section presents the 
contextualization of the subject of the study. The 
third section highlights the procedure to the 
consolidation of the extracted data in a BDW. 
Finally, we will present some conclusions and 
suggestion for future work. 
 
2 Contextualization  
In the area of tourism and hospitality, the volume of 
information associated with tourism activity, to 
represent all the different activities related to the 
tourism sector, is huge. When the tourists plan their 
travels they search for information about aspects 
that are related with their preferences, as well as the 
opinions about the same touristic destinations made 
by others travelers. From the moment when the 
destination is chosen and the purchase occur, they 
are buying a product based on the information 
mainly available in the web [8]. The relevant 
touristic information that exists on the internet is 
updated constantly and has to be managed several 
times a day to reflect the business needs and the 
consumer needs.  

For the organizations, mainly those related with 
hospitality, it is important to have access to the 
information associated with their business, both in 
the supplier and in terms of demand perspective. 
This information allows to better understand and 
analyze the entire environment that surround the 
organization, including the customer’s preferences, 
online reputation, business trends, among others. 

These organization environments (on the 
internet) are associated with the hotel activity and  
are characterized by a big volume of data [9, 10]. 
The processed data comes from different sources, 
with great diversity, in an unstructured format. In 
this context, nowadays, the concepts associated with 
Big Data have to be considered by the organizations 
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in general [6], and have higher relevance to the ones 
whose business is situated in the hospitality activity. 

For the hospitality, the stakeholders need an 
information systems, which provide the right 
information to the right receiver in the right volume 
and quality, at the right time [11]. Furthermore, to 
the managers and marketers, to have access to 
information with these characteristics, can make the 
difference in their ability to increase the 
competitiveness and ensure their survival, in a 
society that all days emerge new competitors and 
new trends that influence the consumer and offer 
new values that satisfy their preferences and needs. 

It is therefore important and necessary to 
consider analytical tools that integrate historical 
analysis from several years, with functions to 
support decision-making in terms of management 
and in terms of strategy. Those tools permit the 
construction and development of Key Performance 
Indicators (KPI) [12, 13, 14] for the hoteliers and 
marketers.  

For all the touristic organizations, and in 
particular to the ones related to the hospitality 
activities, the knowledge management and the BI 
are the areas that contributes to improve the quality 
and quantity of information. With that information 
on hand, it is possible to increase the business and 
organization performance, supported on decisions 
that are more accurate and to define expert 
strategically plans to the organization [15].  

The BI systems are supported on a set of phases 
that includes several kinds of technology and 
concepts, namely: (i) Data Integration, (ii) Data 
Warehousing, (iii) Online Analytical Processing 
Cubes, (iv) Data Mining methods, and (v) Analytic 
Tools. 

The first phase, designated by (i) Data 
Integration, is constituted by the Extraction, 
Transformation and Load (ETL) process that 
integrate the data that exist in different sources in a 
Data Warehouse [16], with all the information that 
is pertinent to the organization, from internal and 
external sources (see Fig. 1, and also [6]). After the 
identification of the several sources (e.g., search 
engines), the data is selected and extracted in the 
extraction process.  

The following step is the data transformation, 
which include tasks such as the cleaning and 
standardization of data, among others that 
contributes to the integration of all data that is 
relevant to consider in the data warehouse to support 
the analytical tools. The last task, the load, is related 

with the storing and refreshment of the data in the 
Data Warehouse. 

 
Fig. 1 – Extraction, Transformation and Load Data 
in a Business Intelligence System. 
 

The second phase, (ii) Data Warehousing, 
includes the technology to manage and store the 
data in a “Data Warehouse”. In some cases, business 
decision makers can also consider the use of Data 
Marts which are databases constituted by an 
organization subset of the data, generally related 
with a department or an activity, which can be 
independent or dependent of the Data Warehouse 
[15]. This division allows to fulfil the needs of the 
organization, taking in consideration the adequate 
information structure multidimensional model. 

The third phase contains the appropriate 
technology to the (iii) Online Analytical Processing 
(OLAP) [16, 17], which permit the creation of cubes 
to explore the information in the Data Warehouse, 
or in the Data Marts (see Fig. 2). These technologies 
allow to analyze the information on different 
business perspectives (dimensions). 

The fourth phase, (iv) Data Mining methods, is 
optional on the Business Intelligence Systems and 
can be used together with the OLAP cubes. The 
Data Mining methods consist in the application of 
artificial intelligence algorithms to discover 
knowledge in the historical data and, at the same 
time, to make forecasting to different areas or 
activities in the organization. The data mining tasks 
can be divide in two: descriptive and predictive. The 
descriptive task is considered to identify rules, 
which characterizes the data, and includes several 
techniques, such as Clustering and Summarization. 
The predictive task is pertinent to identify new 
models that define a variable behavior, which can be 
used to estimate the future variable values [15]. 

The last phase is mainly constituted by the use 
(v) analytic tools. Those tools allow the analytical 
investigation about the organization data producing 
enterprise reporting (also called management 
reporting) or dashboards, which may take the form 
of graphics, text and tables. The outcomes of the 
analytical tools can include results from data mining 
tasks, interactive queries, key performance 
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indicators, cubes, balanced scorecards, forecasting 
methods, among others [15, 18].  
 

 
Fig. 2 – Online Analytical Processing in a Business 
Intelligence System. 
 

However, all of these kinds of technology that 
coexist in this kind of architecture have a main 
challenge related to the definition of an adequate 
methodology to integrate, consolidate  and store the 
data in a BDW [19], which can be relevant to be 
used by the analytical tools to achieve the 
requirements of a hospitality business intelligence 
system.  

In the hospitality activity, this challenge assumes 
a great relevance due to the nature of this activity 
that is completely supported on information, as 
presented before. In addition, to achieve the data 
consolidation, is necessary to find a suitable process 
to store and manage the data in a secondary 
database, the BDW. In this case, we are considering 
that a primary database is constituted, e.g., by the 
data collected by a WebCrawler from several sites 
in the web, such as Booking.com. A major problem 
arises from the fact that different sources have 
different structure and different meaning to the same 
hotel features [7]. For example, the “cleanliness” 
and “room cleanliness” appear in different sources.  

In our investigation, the collection of data in the 
primary database (see Fig. 3) was collected by a 
web robot or crawler [7, 20] and stored in a NoSQL 
database, namely MongoDB [21]. The data is then 
consolidated in a posterior step by integrating it in a 
secondary database, a BDW [6, 16, 20], as presented 
above. It is the secondary database that the hotel big 
data analytics is done.  

However, the ETL process in a hospitality BDW 
takes a higher scale of complexity once the data was 
collected from different unstructured web channels 
where, as already mentioned, data with the same 
meaning can be classified with different 
designations, which raises the need of consolidation 
of the extracted data to ensure that the information 
stored in our BDW is consistent and reliable to the 
hotel business. 

 

 
Fig. 3 – Data integration in a Big Data Warehouse. 

 
3 Consolidation of extracted data 
In a first phase, the data was extracted from 
different web channels and stored in a MongoDB 
database (DB1), the primary database. Four 
MongoDB collections were used: AboutHotel, 
Rooms, Comments, and Scores [7]. The collection 
designated by AboutHotel contains the hotels 
characterization, which includes information about 
hotel name, location, hotel features and rooms 
amenities. The collection Rooms has the information 
about the rooms and prices, namely including data 
about the room’s name, and number of adults and 
children that are permitted in the room. In 
Comments are the data concerning the reviews of 
the hotels, which includes information about the 
customer segment and their country of origin. 
Finally, in the Score collection are the reviews that 
tourists have attributed to hotels which contributes 
to define the hotel online reputation.  

The DB1 serves as an intermediate database 
between the web sites / web robots and the BDW, 
also called secondary database (DB2), which is a 
relational database. To create the DB2, it is 
necessary to apply a set of rules, namely: define the 
data forwarding rules, identify possible conversions, 
in order to make them readable data for a particular 
application. In the following sections will be 
addressed the techniques used for this purpose (see 
Fig. 4). 

 

 
Fig. 4 - Diagram explaining the process for 
processing data to be consolidated. 

 
3.1 Reading information from DB1 
The first step of data consolidation is the reading of 
data from collections stored in DB1. To do that, it is 
necessary to know where the data is stored in DB1 
and load it into the memory of the consolidation 
program. This data will be processed and converted, 
in an adequate way to be stored in the DB2, without 
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the preoccupation of having an inappropriate 
elimination or changes in the original data extracted 
by web robots.  

 
3.2 Data conversion rules 
The vast majority of DB1 data is in string format. 
Although some fields are straight copies from DB1 
to DB2, sometimes it is necessary to make some 
conversions, for instance to numerical values.  

An example are the dates of the reviews for a 
particular hotel. For instance, on Booking,com dates 
appear as “22 March 2015”, and therefore it is 
necessary convert the date to a valid format to store 
in DB2, i.e., in the format “22/05/2015”. Another 
conversion that is necessary to do are the GPS 
coordinates of the hotels. These GPS coordinates 
were extracted from the web, in format “latitude, 
longitude” where latitude and longitude are decimal 
numbers. For this reason, the string need to be 
converted into two separate decimal fields. 

 
3.3 Data dictionaries 
As stated in previous section, the most of the data 
stored in DB1 is free text, i.e., text written by a 
human, see [7]. To give meaning to those texts, the 
consolidation program should use data dictionaries.  

These dictionaries are added manually by the 
user and updated each time the user finds a new 
synonym for a word. The dictionaries are stored in a 
MongoDB collection and are structured in four 
fields: Source, Type, Word and Alias (see Fig. 5). 
The field Source indicates the channel (e.g., 
Booking.com) where that particular dictionary 
should be consulted. The Type indicates the context 
in which particular dictionary should be consulted. 
For instance “Type”: “Amenities” means that this 
dictionary should be consulted when looking for the 
hotel amenities in a sentence. The Word field 
concerns the word that is being searched. Finally, 
the Alias field is a list of synonyms of the word that 
is necessary to find. 
 

 
Fig. 5 - Example of a MongoDB (JSON) document 
related to “comments”. 

 

In the hotel reviews, each channel has different 
forms to display the customer’s opinions, and do it 
differently from each other. There are channels in 
which the comments are divided into “positive” and 
“negative”, and there are others where it is just free 
text. The comments where there is no distinction 
between positive and negative are stored directly in 
DB2 without any treatment. Case the channels 
contains comments separate in positive and 
negative, it is necessary to refer to data dictionaries 
in order to distinguish between a positive and a 
negative review. This is necessary due to the 
different designations that each channel gives to the 
positive and negative comments. For example, in 
Booking.com the terms are “positive” and 
“negative”, while in Expedia are “pros” and “cons” 
(see Fig. 6). 
 

 
 

 
Fig. 6 - Example of review comments (Booking.com 
appears above and Expedia appears below). 
 
3.4 Correspondence between extracted hotels in 
different channels 
As already mentioned, the web robots are concerned 
to extract data from web, but not to process/analyse 
it. The same hotel extracted from different sources 
is not identified as being the same hotel, i.e., the IDs 
of the documents of the databases are different. 

In other words, when a web robot extracts the 
hotels, there is no warranty that the Hotel X, e.g., in 
Booking.com is the same as the Hotel X on Expedia. 
This happens because the names of the hotels can 
change slightly according to the channel. What 
happens is that the same hotel will get two different 
ID, depending on the channel from where its data 
was extracted. This is a serious problem, because it 
is essential to make a correct consolidation of the 
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hotel data, for the other existing tables that depend 
on the table of the hotels. 

To solve this problem was developed an 
algorithm that uses the name, address and hotel’s 
GPS coordinates to match between hotels extracted 
from different channels. A function (MatchStrings) 
was developed to help the algorithm to verify the 
degree of similarity between two strings. This 
function detects the number of words in the same 
strings and, also the ratio (range 0 to 1) versus the 
number of equal words in each string. The ratio 
equation is given by R = 0.5 × EQW × (L1 + L2) / 
(L1 × L2), where EQW is the number of equal words 
between the strings, and L1 and L2 are the number 
of words in each string, string1 and string2 
respectively.  

The hotel matching algorithm has the purpose of 
finding the correspondence between hotels in 
different channels and works as follows (see Fig. 7): 

(i) Search for hotels that have the same name and 
address of Hotel X. If true (R > 0.99), the hotel 
ID is found, go to vi). If the search returns 
empty then go to step ii). 

(ii) Search hotels that have the same GPS 
coordinates of Hotel X (equal to the second 
decimal place). Only checks to the second 
decimal place between channels because the 
coordinates range slightly changes from the 
third decimal place, both latitude and longitude. 

(iii) Use the MatchStrings function to check the 
degree of similarity between the Hotel X, name 
and the names of each of the hotels resulting 
from the previous step, returning only hotels 
with a degree of similarity from a given 
threshold (e.g., R > 0.5). 

(iv) The same as step (iii) but now with the 
addresses of the hotels.  

(v) If the above steps do not result a match, then it 
is considered that the hotel was not yet 
acquired from any other channel. If there are 
hotels that match the search, then all of those 
hotels receive the same ID. Exceptions can still 
occurs, for instance two hotels in the same 
street one side with the other and with a very 
similar name. In those cases, both hotels ID 
will be the same. In those exceptions, it is 
impossible to know with absolute sure that the 
hotel is the same, or if they are two different 
hotels. 

(vi) Hotel ID defined. 
 

3.5 Channels priority 
Once the data is extracted from different channels, it 
happens that there are sometimes redundant data. 
For example, after the application of the 

MatchStrings algorithm (explained in the previous 
section), it is possible to obtain several distinct 
names for the same hotel.  

 
Fig. 7 - Flowchart of the algorithm to find hotel 
match in different channels. The “Hotel X” is the 
unknown hotel that we wish to find a 
correspondence. 
 

In this case, the administrator will decide the 
name to select and stored in DB2. For this reason, it 
is necessary to define priorities to the channels, to 
withdraw and to store the information in DB2. In 
other words, if a hotel exists in four different 
channels and the priority to the channel is set, in 
descending order, as channel 1  channel 2  
channel 3  channel 4, then the priority channel 
should be channel 1 and so the data stored will be 
from that channel. Another example in which these 
priorities must be defined is the number of stars of 
the hotels. Usually there is no consensus on the 
number of hotel’s stars from channel to channel, i.e., 
an hotel that has four stars on a channel can have 
three stars in another channel. Then, once again, the 
rule of priority to decide which channel is more 
reliable is applied.  

This mechanism will only be applied in cases 
where there are evidence of ambiguities. In the case 
of the comments, for example, this is not necessary 
since every review is a different opinion and all 
comments must be stored, even if there are two 
identical comments, what matters is that they are 
two different people. 
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3.6 Routing rules / data flow 
After the extracted data from DB1 were transformed 
by all conversion rules, dictionaries, correspondence 
and channel priorities it is necessary route them to 
the right place. Once there are some tables in DB2, 
which have relations of many-to-many and for these 
cases, it is necessary to comply with a data storage 
order.  

For instance, consider the three tables: Hotel, 
Amenities and HotelAmenities, where Hotel and 
Amenities are tables, which are related to each other 
by a many-to-many relation, supported on the 
HotelAmenities table. To store the data in these 
tables, first, the data are stored in Hotel and 
Amenities to create the corresponding IDs, and after 
that, will be stored the data in HotelAmenities table 
(see Fig. 8). 

 

 
Fig. 8 - Schemes of the relationships between Hotel, 
HotelAmenities and Amenities tables. 
 
3.7 DB2 Information storage 
Finally, the data will be stored in DB2. When 
storing the data in DB2, the program searches in 
DB1 the origin of such data and updates the 
consolidation date. Thus, it is possible to know later 
the date and time when it was performed the 
consolidation for the data. Once stored in DB2, the 
data can be used directly for the final application in 
the BI system. 
 
4 Discussion 
The requirements of the hospitality BI system are 
very specific, with well-defined needs, and have to 
be developed to integrate analytical tools applied to 
historical data. The data includes the internal and 
external information that is pertinent to the hotel. 
The objective is to provide the decision makers with 
timely relevant data and a shared vision of the future 
and knowledge that encompasses the decision 
makers’ resolution and create intelligence, providing 
a BI system to the organization [15]. 

In a hospitality BI system, which includes data 
from several web sources, with different formats 
and structure, it is essential to consider the 
development of a BDW. In this kind of Data 

Warehouse, the data integration phase starts when 
the web crawler collects information that is 
presented in relevant websites, related with the hotel 
business, and store it in collections of different kind 
of information (in a NoSQL database). 

The NoSQL database, also called in our case as 
primary database, is constituted by collections of 
data that are stored in an unstructured format and 
aren’t consolidate, which represent a problem to 
implement a BDW. Therefore, it is necessary to 
clean and transform the data, and after that to upload 
the consolidated extracted data into a database, also 
called a secondary database. This secondary 
database permits the development and 
implementation of analytical tools, which includes 
OLAP and Data Mining, to elaborate enterprise 
reporting which supports the hotel decision maker 
activities. 

The process of data transform and consolidate 
the data in an adequate structure and format in the 
secondary database is constituted by several tasks: i) 
reading information from DB1, ii) data conversion 
rules; iii) data dictionaries, iv) correspondence 
between extracted hotels in different channels, v) 
channels priority, vi) routing rules/data flow, and 
vii) storage information on DB2. 

The consolidation of information extracted from 
the web is a task that needs supervision from time to 
time. Each time a channel, add a new word that does 
not appear in a data dictionary it is necessary to add 
it to the data dictionary. It is expected that over time 
the data dictionary start becoming increasingly 
complete and thus the number of new words that 
may arise will decrease. Consequently, the 
consolidation system will become more stable over 
time. 
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