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1. Introduction 
This final project called PaxFinder has been done by Marc Cimiotta Ferrando, 

student of Informatics Engineering in the Barcelona School of Informatics (FIB). The 

project has been developed during a six months internship in Amadeus, an 

international company located in Nice (France).  

PaxFinder is a dynamic flight target detector that after analyze the passengers of a 

flight, finds potential travelers among millions of people. This means to empower 

concrete flights to concrete people for concrete reasons.  

In theory, PaxFinder should work with data coming from Amadeus repositories and 

different social networks stored in a new data management tool called Crescando, 

which is the main reason of the existence of this project.  

Crescando is a new data management technology designed to perform large 

numbers of queries and updates with guaranteed access latency and data freshness. It 

is an exclusive Amadeus technology patented in 2009 and 2010 and its objectives are 

to improve current products which will please Amadeus customers and show a good 

image as a technological partner.  

1.1. Motivation 
The idea of this project comes from Jeremy Meyer, the person who leads the Data 

Management Infrastructure (DMI) team in Amadeus and the development of 

Crescando. The goal of this project is to show the possibilities of this new technology 

and develop innovative applications that could be hardly possible using traditional 

databases like Oracle or MySql.  

Besides this, Amadeus uses these projects to show to their customers the potential 

of this new technology, showing them that they are a leading provider of IT solutions. 

1.2. Personal motivation 
After knowing about the positive experience of some colleagues in Amadeus, I 

decided to do an internship too. I was looking for some international experience, in a 

company of an international range, working with people of more than 150 different 

nationalities.  

They offered me to work in an innovative project where I would have the 

possibility to learn about new technologies (Crescando, different programming 

languages) and which I would develop from scratch (design, analysis and 

implementation). Besides, I could learn about the day to day running of such a 

company. 

So, I accepted this internship opportunity. 

1.3. Goals of the project 
The main goal of the project is to develop a dynamic flight target detector from scratch 

finally called PaxFinder (Passengers Finder). This goal has been evolving during the 



PaxFinder 

Barcelona School of Informatics Marc Cimiotta Ferrando 
    9 

course of the internship. At the beginning, the objective was far more a generic one: 

“The objective of the internship is to study the public data available from web-based 

social networks so Amadeus products can be tailored to fit each individual”. The first 

part was clear. The public data of the people profiles coming from the social networks 

should be studied in order to be used in this project. The second part was specified to 

develop a dynamic flight target detector through the analysis of passengers profiles.  

Some requirements and limitations were established at the beginning of the 

project in order to define and limit the scope of the project. A first requirement was to 

integrate Crescando into the project in order to exploit its capacities. A second one 

was to only work with profile data coming from social networks and Amadeus 

repositories. For example, information like the travel history and the background of a 

traveler was forbidden. 

Paying attention to the goal and the requirements of the project, the way to do 

this dynamic flight target detector was first developing a flight profiling system and 

then, a profile search system.  

The tasks that the project should go through in order to reach the objectives were 

the following: 

• Studying which social networks contain data relevant for the planned 

usage. 

• Studying how data can be extracted and building tool to perform the 

extractions even from social networks as Amadeus databases. 

• Getting familiar with Crescando. 

• Participate in the definition of the model of data and creating a new 

Crescando database thanks to the existing administration tools. 

• Define the parameters of a profile. 

• Define a methodology to classify and compare profiles. 

• Develop PaxFinder. 

Any target detector has to be correctly tested. This process is composed of three 

steps. The first one is an offline testing. The second one is a study with real users and 

the third one is to make an online version massively working with real users data.  

In this project we have done the offline testing. This testing would have be done 

with real data coming from Amadeus repositories and social network extractions. 

However, some problems related to the data consistency into Amadeus repositories 

and the social networks privacy policy did manipulate the data stored in Crescando. 

Anyway, the study of the most important social networks has been done, as well as 

their respective data extraction tools. The documentation of this work can be read in 

the annexes attached at the end of this document. 

1.4. Reading guide 
The next chapter presents the context of my internship. It explains in which larger 

project mine was included and what was its advancement. I also describe the team and 

the department I was assigned to, the role they play in our development division. It 

then lists the resources and tools I have had at my disposal for six months. Although 
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there are very common tools, they turned out to be useful in the development and 

communication processes.  

The third chapter deals with the state of the art of this project where the 

qualitative and the quantitative research methodologies are explained. 

The fourth chapter presents the development of PaxFinder divided in four different 

sections. All the processes of the software engineering are explained into these parts. 

Next chapters show the project management, a conclusion and an annex. 
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2. Internship context 

2.1. Amadeus 
Amadeus is an international company that develops IT solutions to their 

customers. It enables providers such as airlines, hotels, car rental companies and travel 

agencies to disseminate information about the schedules, availability, pricing and 

ticketing of their worldwide services. At the same time, Amadeus’ solutions facilitate 

their mid- and back-office activities. 

Amadeus is organized along four main business lines: 

• Distribution and Content solutions 

• Sales and e-Commerce 

• Business Management Solutions 

• Services and Consulting 

Today, more than 100.000 travel agencies and more than 34.000 airline sales 

offices use the Amadeus System to run their business, while many of the industry’s 

leading travel service providers use Amadeus’ modular technology to optimize their 

distribution and internal operational requirements. 

Technologically speaking, Amadeus faces considerable challenges. Its database 

systems need to grow simultaneously in multiple dimensions. The reason is that at a 

society scale, the service oriented architectures are drastically increasing, and along 

with it, the throughput requirements, the query diversity, and the access response 

time requirements. 

The following numbers picture how much it is important to develop systems that 

are able to cope with large and increasing amount of data, and in much diversified 

way. Amadeus today deals with: 

• More than 480.000.000 transactions processed per day 

• More than 2.000.000 bookings per day 

In this context, Crescando is a great solution, as far as data storage concept, for most 

departments of Amadeus development divisions.  

2.2. Team Organization 
My internship took place into the Structured Booking Record department, in one of 

the Development divisions. More specifically, when I arrived, the Data Management 

Infrastructure (DMI) team was being created. This team was created to develop 

Crescando and to integrate it into Amadeus services and product infrastructures.  

The team was composed by the team leader Jeremy Meyer and three software 

engineers. Jeremy Meyer is in charge of the development aspect of Crescando inside 



PaxFinder 

Barcelona School of Informatics Marc Cimiotta Ferrando 
    12 

Amadeus, as he presents Crescando solution to other departments and divisions of the 

company. He provides the support that the teams in the process of using Crescando 

need, and he manages relationships with the ETH University to follow the progress and 

give feedback, as Crescando is still evolving. He is also in charge with the juridical 

aspects as Crescando is subject to the creation of patents. 

2.3. Crescando 
Crescando project is a cross research-industry project, which is quite singular in 

Amadeus. In fact, the prototype has been developed in partnership with the ETH
1
 

University of Zurich and is still being developed on both sides. 

Crescando is a new data management technology that does not index the data and 

perform continuously full scan of the data. It offers linear scalability
2
 and predictable 

performances for unpredictable workload. It is not meant to replace fully traditional 

solutions like Oracle or MySQL databases but yes those where the execution time of a 

query takes minutes, hours or even days to finalize. The fundamental differences 

between Crescando and these systems are explained next. 

2.3.1. Storage 
Classic databases store all the data records on hard disks, which allow storing new 

records. Crescando is constituted by in-memory storage nodes, which means that the 

data records are actually stored in the RAM. The main advantage is that accessing the 

RAM is faster than accessing a hard disk, either reading from it or writing to it. Having 

all the data in the RAM could appear as a big constraint, as RAM space is more 

expensive than hard disk space. Actually, RAM size does not come as the first 

bottleneck. Indeed, today’s machine contains large RAM space. More over, Crescando 

storage nodes may be run on several machine processors. 

2.3.2. Clock scan 
In an Oracle database, data records are indexed: this means that structures are 

created to speed up the access to data. The main drawback of this technique is that as 

the records are updated either by new records insertion or existing records 

modification (or deletion), they have to be re-indexed. The indexing process time cost 

has a major impact in terms of performances.  

Crescando has no index. Records are stored in a contiguous manner in memory. A 

storage node is dedicated to a single CPU, and one may launch as many storage nodes 

as required. Each storage node handles a particular segment of the data, running clock 

scan on it, meaning that the more processors are used, the less data each clock scan 

node has to handle. 

 

 

 

                                                        
1
 ETH: Eidgenössische Technische Hochschule 

2
 In our context, linear scalability means that the system performances will increase linearly while 

increasing the resources: it is a remarkable property for a data management tool. 
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Figure 1 Clock scan, with its two cursors 

The clock scan algorithm is constituted by two phases: the first phase performs 

queries that modify data, second phase accesses the records (it is important for data 

consistency: one does not want to read half deprecated half fresh information). The 

goal is to give different users globally good performances rather than excellent for 

certain and bad for others. All clock scans are executed in parallel, each one scanning 

fully its own portion of the memory: using NUMA
3
 technology on the top allows 

improving even more the process, giving each CPU the section of the RAM dedicated 

to it. The results are then merged and returned to the user. 

2.3.3. Single table 
Crescando is a single relational table implementation. Developments are still in 

progress for enabling multiple tables Crescando. The main impact is that we will mainly 

use Crescando for handling large amount of a single type of data, but this is not a rare 

use case in industry. In fact, it is a design choice from very beginning that suits 

Amadeus business. 

2.4. Resources 
The resources can be divided in two main parts. On one side, the development of 

the project has been realized on the Unix operating system. On the other side, the 

project management, the communication with other team members and the 

documentation has been realized using a Windows environment. 

2.4.1. Linux machines 

2.4.1.1. Build Management System 

BMS is a software build and delivery tool designed around the concept of 

components
4
. BMS helps at integrating your application with many Amadeus projects, 

and ensure global consistency between all the component dependencies. 

                                                        
3
 Non-Uniform Memory access or Non-Uniform Memory Architecture (NUMA) is a computer memory 

design used in multiprocessor programs, where the memory access time depends on the memory 

location relative to a processor. Under NUMA, a processor can access its own local memory faster than 

non-local memory, that is, memory local to other processor or memory shared between processors. 
4
 A component is the smallest independent compilation unit from a BMS point of view. A component 

may use functionalities from other components, but its evolution is separate from other components. 
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2.4.1.2. Python 

“Python is a general-purpose high-level programming language whose design 

philosophy emphasizes code readability. Python aims to combine remarkable power 

with very clear syntax, and its standard library is large and comprehensive. Its use of 

indentation for block delimiters is unusual among popular programming languages. 

Python supports multiple programming paradigms, primarily but not limited to object 

oriented, imperative and, to a lesser extent, functional programming.” 

I used Python as main programming language for the development of the 

prototype. Indeed, it offers a great standard library and an interpreted language which 

is very convenient for a quick development. 

2.4.1.3. C++ 

“C++ is a statically typed, free-form, multi-paradigm, compiled, general-purpose 

programming language. It is regarded as an intermediate-level language, as it 

comprises a combination of both high-level and low-level language features.” 

This programming language is used to develop the Crescando application software. 

In my case, in order to integrate Crescando into my project, I developed a simple and 

generic query interpreter. This interpreter was added to Crescando as a new layer 

letting the communication between external applications and Crescando. 

2.4.1.4. Mercurial 

“Mercurial is a cross-platform, distributed revision control tool for software 

developers. It is mainly implemented using the Python programming language.” 

Mercurial is the official revision control tool of the DMI team. I needed it to control 

the versions of the project and to share it with the members of the team. 

2.4.2. Windows computer: office resources 
Amadeus windows environment offers several office tools very useful regarding 

project management and team organization. 

2.4.2.1. Lotus Notes 

Lotus Notes is a collaborative software used for different functionalities, especially: 

• Mailbox and mail archiving 

• Calendar 

• Meeting scheduler 

• Resource Manager 

Lotus Notes has been useful and handy regarding the global management of the 

project. 

2.4.2.2. Sametime 

Sametime is an intern instant messenger software, allowing a quick 

communication. Half way between mail exchange and phone, it allows several people 

to share a contextual conversation. 



PaxFinder 

Barcelona School of Informatics Marc Cimiotta Ferrando 
    15 

2.4.2.3. Microsoft Office Suite 

The Office Suite, containing among other tools Excel and Visio, allow creating 

numerical reports or graphics for presentation and/or reports. 

2.4.2.4. WIN@proach 

WIN@proach is the Amadeus Problem and Change management system. All 

authorized Amadeus staff members and market partners can use the system to 

propose changes and to request support to resolve problems they are having. 

WIN@proach manages four most common types of records (among others): 

Problem Tracking Records (PTR): A PTR is a request for technical assistance with 

a problem that system users are experiencing with the Amadeus system or an 

Amadeus product. 

Change Proposals (CP): A CP is a proposal for an enhancement to the Amadeus 

system. A proposal can range from a request for a minor improvement to a 

product, to a suggestion for an entirely new product. 

Change Request (CR): A CR is the next step in the life of a change proposal. 

When a change proposal has been accepted it is turned into a change request. 

Work Orders (WO): A WO is a request for the creation, modification, or 

deletion of technical information. Each record is registered in the WIN@proach 

database, where it can be assigned to relevant expert. 

During my internship, WIN@proach has been useful, as well for problem tracking 

as for project management. It lists the tasks and the problems I encountered since I 

started using it. 
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3. State of the art  
The information technologies have experienced an exponential growth of the 

computational power since the 1950s. This natural growth has been accompanied by 

an amount of information which volume makes it undecipherable.  

The ease of access to the electronic storage sources has created the constitution of 

big databases containing any kind of information. In the industrial sector, important 

technological projects generate the exchange and the storage of a huge amount of 

information. 

All this information makes that the consumers of these systems cannot understand 

it and feel like if they were lost. This phenomenon is called by the specialists 

“Infoxication”. But, in order to counter these effects, the analysis of information has 

become very important to do more affordable to the users the huge amount of 

information daily generated.  

The analysis process has become a special job which tries to find the truth like a 

social behavior from data already collected. Those information specialists make studies 

and send them to their customers like intelligent reports that help them to understand 

their markets in order to take right decisions for their business.  

Analyzing the description above, it seems that the information is only used to 

generate reports or stored results. But, the truth is that those sources of information 

have to be analyzed according to the needs of the users. Besides, in this kind of 

analysis, the validation of the data is necessary to know that the study is based on 

reliable and updated information.  

The analyst has to be the manager of the information resources, without fully 

understand them, but controlling different tools to find feedstock destined to the 

production of useful information. A data analyst must know and control a set of 

practices of some disciplines for the management of the knowledge like: methodology 

of the investigation, organization of the information, database management, 

information management, exploratory data analysis, information economy or 

information analysis between others. 

3.1. The quantitative and qualitative research methodologies 
As explained before, a good investigation methodology is necessary to analyze 

information, being one of the base lines for this task. Different kinds of investigation 

exist and, depending of the nature of the information collected to answer the 

investigative problem, they can be executed under two different paradigms: the 

quantitative or the qualitative investigations. 

The quantitative research is principally oriented to the studies that show the 

classification of the data and descriptions of the social reality. The study of a 

quantitative investigation will be a report in which there are shown a set of classified 

data without any kind of additional information giving them an explanation far beyond 

of their meaning.  
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The quantitative research is devoted to collect, process and analyze qualitative or 

numeric data about variables previously determined. This process gives a connotation 

that the study is above a report with a simple list of organized data given that they are 

in keeping with the variables declared from a beginning, and the results will show the 

specific reality for this kind of information. Besides, the quantitative investigation 

studies the association or relation between the quantified variables which help to the 

interpretation of the results. 

This kind of investigation tries to find the strength of the associations or 

relationships between variables, as well as the generalization of the results through a 

sample. From this, an inference can be done about the population where the sample 

comes from. 

Inside the quantitative investigation we can find: 

• Experimental designs where there are three fundamental requirements: 

the manipulation of one or more independent variables; measure the effect 

of an independent variable over a dependent variable and finally, the 

internal validation of the experimental situation. 

• The social survey, which is the most used quantitative investigation into the 

social sciences. It consists in the application of some specific techniques 

with the purpose of collect, process and analyze some characteristics of a 

group. 

• The quantitative studies with secondary data which analyze existing data. 

Another methodology of investigation is the qualitative study which is used in the 

following types of investigation: 

• Like a mechanism to create ideas where it is used to identify and organize 

into hierarchy problems or needs. 

• To complete a quantitative study. 

• To evaluate a quantitative study in cases where a survey needs to be 

validated. 

• Like an investigation method where they offer a range of investigation 

possibilities. 

The qualitative investigation needs to recognize multiple realities and tries to 

understand the viewpoint of the analyzed person. From this point of view, the 

analyzed people or sources are extremely important for this kind of investigation. The 

results depend on the emotions or the exhaustive analysis of the content of the 

sources. 

Different interpretations of the reality or the data can be made with the qualitative 

investigation. This is only possible because the analyst has to be open-minded and has 

to be able to redirect an investigation. In other words, the qualitative investigation 

admits that the investigation can redefine concepts or create new methods to 

understand. 

The qualitative investigation studies structural and situational contexts, trying to 

identify the nature of the realities, its dynamic structure. 
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The qualitative investigation has different techniques to collect information like: 

• Interviews which let the opportunity to collect information that can 

influence the results. A gesture or an attitude can mean the opposite of 

what is being said. 

• The analysis of documents. 

• Questionnaires. 

• Focus groups 

• Brainstorming 

• Others. 
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4. PaxFinder 

4.1. Introduction 
The context where PaxFinder works is very simple. Imagine a Paris-Amsterdam 

flight which is available since February 2011 until June 2011. On May, the flight is 70% 

filled up. The objective of the company is to fill the 30% of the remaining free seats 

and here is where PaxFinder gets involved. The goal of this system is to find among a 

huge number of customers, the most suitable passengers. This is why PaxFinder is 

considered a dynamic flight target detector.  

The global way PaxFinder works is pretty 

easy to understand. It tries to search potential 

passengers that fit the best a Global Profile 

generated with the profile information of the 

passengers of a flight. Two big parts divide 

this system. The first one is the Flight Profiling 

System. The second one is the Query System. 

The first step of this system is to analyze a 

group of passengers profiles. This means to 

read, analyze and classify the different 

characteristics and properties of all the 

passengers of a concrete flight. This 

classification creates what is called the Global 

Profile. 

Once done, PaxFinder manages the 

calculation of the significance level of all the 

information that compound the Global Profile. 

This process is necessary to know the most 

important features the passengers searched 

have to know.   

Next step falls on the Query Generator 

System. All the information of the customers 

is stored into a Crescando and a SQLite 

database. This is why PaxFinder needs an 

algorithm that generates a set of queries. Its 

goal is to request potential passengers 

through data mining.   

                                                                                      Figure 2 PaxFinder 

Finally, the Crescando Query Interpreter is a generic query interpreter. It is an 

additional layer belonging to Crescando developed during the internship to integrate 

Crescando with external applications. The following schema shows this information 

graphically. 
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Figure 3 The Crescando generic query interpreter 

To describe all the system we will divide this chapter in three big sections: 

The first part describes the composition of traveler information which is the data 

that the algorithm works with. It also explains why these parameters have been 

chosen. 

The second part deals with the description of the Flight Profiling System. This 

means to understand the statistical methodologies used to classify and order the data 

in order to make them understandable. It also explains the software engineering 

applied to this part of the system. 

The third part deals with the Query Generator System. We will see how the 

algorithm works, its design and finally its implementation. 

Finally, the fourth section describes very briefly some additional work done during 

the internship in order to let the communication between PaxFinder and Crescando. 

4.2. Passenger information 
The main goal of this section is to briefly describe the data used by PaxFinder. 

Physically, all this information is actually a series of registers stored into a Crescando 

instance and a SQLite database.  

One of the goals of the project was to be able to store data coming from social 

networks and Amadeus repositories. However, some problems where found. The first 

was that the social networks platform policies and privacy policy didn’t let to access to 

the information. Once this limitation was known, we assumed that Amadeus had free 

access to the information. This is the reason why two applications were developed to 

extract information from LinkedIn and Facebook. 

Another problem was related with the information stored into Amadeus 

repositories. We did massive data extractions of their databases in order to have 

consistent information to work with. The problem was found when the information 

stored was not very plentiful.  

These are the reasons why a database was created with virtualized information. A 

long process of data creation and file manipulation was done in order to fill a 
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Crescando database will millions of registers. Another process filled the SQLite 

database but in this case the registers created where much less because of the 

characteristics of this database. 

So, let’s define the columns that compound a register, or said in another way, the 

properties that compound a passenger profile. 

4.2.1. Residential city 
As its name indicates, this property informs about a travelers residential city. So, 

given a group of passengers, the algorithm should understand the provenience of the 

majority of the passengers. This is an important point in order to offer flights to people 

which are near the departure airport.  

It is also important to highlight that the analysis of this data could be improved if 

the algorithm would have information about the coordinates of the cities. For 

example, cities located more than a hundred kilometers from the airport could be 

eliminated of the search. This filter would prevent to offer flights to people coming 

from all over the world and tune up the selected residential cities. But, as said during 

the entire project, the data that is not related to travelers’ profiles is forbidden. 

4.2.2. Gender 
Apparently, the gender should not affect the selection of a passenger. However, 

which ideas make us analyze this property? It could be any “random” event like a 

feminist conference or a football match taking place in a country where most of the 

supporters are men. Those are only some examples. It is hard to know if it is possible 

to find an airplane where the 95% of its passengers are women but if it takes place, the 

algorithm has to take it into account.  

4.2.3. Age  
The main goal of analyze the age of the passengers of a flight is to know the most 

highlighted age ranges. A number of things can influence the age distribution of the 

passengers in a flight. For example, this kind of analysis could give implicit information 

like: “a summer destination like Ibiza is probably more attractive for young than for old 

people”.  

4.2.4. Job  
The available data stored in PaxFinder databases does not have information about 

events that could take place in the cities of the world. However, PaxFinder would like 

to have feelings about the professional congregations of a concrete sector. For 

example, to sense beforehand a medical conference.  

4.2.5. Number of children 
This data informs about the number of children that a passenger has. It gives 

information about if the passengers of a flight have family or not. PaxFinder does not 

have information about the relationship existing between the passengers, so PaxFinder 

does not know if people will travel with their children. Instead, if PaxFinder finds for 

example that young passengers stand out and the rest of the passengers have 

children, the application should search a profile focused on a family.  
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4.2.6. Marital status 
This property indicates if a passenger is married or not. This data in itself do not 

give a lot of information about the passengers of a plane. Instead, if it is combined 

with the age distribution and the number of children, PaxFinder can find valuable 

information about what kind of people travel. For example, we could think about a 

National Institute for Social Services organizing a travel for old married couples. 

4.2.7. Accommodation and airline preferences 
It is known that 2% of the travelers select their destination according to an 

accommodation type or a concrete hotel. This means that some people travel to Alger 

or Hong Kong only because there is a Sheraton Hotel in those cities. In addition, not 

everybody has concrete preferences for this subjects and this is why if somebody has 

them, PaxFinder should take them into consideration. 

Something similar happens with having a preference for a concrete airline. Travelers 

might not select their destination depending on the airline but, given a destination, 

people select an airline depending on the offered services or the price.  

4.2.8. Interests and tourism preferences 
This kind of data could give a lot of information about the destination of the flights. 

For example, PaxFinder would detect events like concerts, spectacles or film festivals. 

It could also know some features about the destination like if it a mountainous or a 

maritime destination. 

This information is not inserted into PaxFinder database yet. However a lot of 

information about the interests of the people is available into the social networks. This 

means that if one day, Amadeus has access to this data, it could be inserted into 

PaxFinder in order to analyze it. 

4.3. Flight profiling system 
The main goal of this part of the algorithm is to find and emphasize those more 

typical features present in a group of passengers. To do that, it is necessary at first a 

classification of the all the data in the called Global Profile. So, PaxFinder needs a 

methodology letting to understand and analyze the data. 

The following sections deals with this subject. The first one describes the 

methodological approach which the algorithm is supported. The second one describes 

how the algorithm applies the theoretical framework to the profiles. 

4.3.1. Methodological approach 

4.3.1.1. Descriptive statistics 

Descriptive statistics means to collect, present, describe, analyze and interpret a 

data collection. It essentially summarizes the main feature of a set of known data 

quantitatively. This means to calculate means, medians, standard deviations or the 

frequency that analyze the grouped data. 

Relative frequency 

The frequency is the number of times in that an event i occurs during the study of 

the N elements or events that compose the sample. 
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4.3.1.2. Statistical tools 

Inferential statistics are logical processes which are used to make propositions 

about a population. These statistics rely on the use of a random sampling technique 

which ensures that a sample is representative. A simple example of inferential 

statistics can probably be found on the front page of almost any newspaper, with any 

article claiming that “X% of the population thinks, does or feels Z.” A statement such as 

“27% of Canadians prefer cake to pie” relies on inferential statistics. In this case, every 

single Canadian has not been surveyed about their dessert preferences. Instead, a 

representative sample of the population has been surveyed with the goal of making an 

inference about the population as a whole. 

The use of inferential statistics is the base of the research on populations and 

events, because it is difficult and sometimes impossible to survey every member of a 

population or to observe every event. Instead, researchers attempt to get a 

representative sample and use that as a basis for their claims.  

To summarize, inferential statistics are used to demonstrate hypothesis and to do 

parameter estimations. 

4.3.1.3. Hypothesis test for a proportion 

Statistical hypothesis 

The statistical hypothesis is the definition of the conjecture made about a 

population parameter. It is usually stated in mathematical terms and there are two 

types: 

The null hypothesis, denoted by 0H , is usually the hypothesis that sample 

observations result purely from chance. 0H  means that nothing is present or that the 

process is operating properly 

The alternative hypothesis, denoted by 1H , is the hypothesis that sample 

observations are influenced by some non-random cause. 1H  is that the process change 

or treatment has an effect, or something is wrong with the process. 

For example, suppose we want to determine whether a flight destination 

influences the passenger number being between 18 and 25 yeas old. A null hypothesis 

could be that usually a 10% of the passengers of a plane are people between 18 and 25 

years. The alternative hypothesis should then be that this percentage would be very 

different. Symbolically, these hypotheses would be expressed as: 

0H : 0p  = 0.10 

1H : 0p ≠ 0.10 
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Suppose a flight where the sample mean (
^

p ) would be 70% of young people. 

Given that result, we would be inclined to reject the null hypothesis. This is, we would 

conclude that the destination influences the age of the passengers of that flight.  

Errors 

Sometimes, the null hypothesis being true can be wrongly rejected. In this case the 

error is called Type I error or α  error. Instead, if the alternate hypothesis 1H  is 

wrongly accepted, being 0H  the correct one, the error is called Type II error or β  

error. The following table explains hypothesis testing and risks. 

Situation 

 0H  is true 1H is true ( 0H  false) 

Test accepts 0H  

 

Correct decision: 

Probability  = α−1  

Incorrect decision: 

Type II error 

Probability = β  Decision 

Test rejects 0H  

(accepts 1H ) 

Incorrect decision: 

Type I error 

Probability = α  

Correct decision: 

Probability = β−1  

Table 1 Types of error 

Where α  is the significance level and α−1  is the confidence level. 

Using conditional probabilities: 

• α = p(Reject 0H / 0H  being true) = p(Type I error) 

• α−1 = p(Accept 0H / 0H  being true) 

• β = p(Accept 0H / 0H  being false) = p(Type II error) 

• β−1 = p(Reject 0H / 0H  being false) 

Critical and Non-critical region 

Now, a criterion is needed in order to determine whether the veracity of a 

hypothesis is the correct one. Given the null hypothesis, strong evidences are needed 

to reject it. The variation of the analyzed parameter can be given by chance, case 

where the change is not significant and 0H  continue being the correct hypothesis. 

Instead, if its variation is significant, there are strong causes that make to reject 0H  

and accept an alternative. 

So, the first thing is to establish an interval where changes are understood as 

normal. This means a region where the values of the parameter fluctuates and 0H  is 

true. This is the Non-critical region and it’s bigger or smaller depending on the 

confidence level selected α−1 . 

The region outside the Non-critical region means that the variations of the 

parameter do not happen by chance. This is the critical region where 1H  must be 

accepted. 



PaxFinder 

Barcelona School of Informatics Marc Cimiotta Ferrando 
    25 

At this point, two different tests exist to set these regions but we are only going to 

focus one of them. 

One-Tailed Test 

The critical region has only one set of points. Next figure shows the α  significant 

level which is the region of rejection. This case takes place when 0H : kp ≥0  and 1H : 

kp <0 .  

In a α−1  confidence level, the regions should be in )1;0(N : 

a) Unilateral on the right 

 

 

Figure 4 Normal distribution of a one-sided test on the right 

Figure: The interval ),( αZ−∞ is the Non-critical region. The white area is the Critical 

region. 

The Non-critical region is: 
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b) Unilateral on the left 

 

 

Figure 5 Normal distribution of a one-sided test on the left 
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The critical region is: 

)
)1(

,( 00
0 n

pp
Zp

−××−−∞ α  

Knowing the confidence level α−1 , it will be always necessary to find αZ  (for One-

Tailed Test) that divide the Critical and the Non-Critical regions. 

Some of the most common values are given on the next figure. 

 

Image 1 Most common values for unilateral tests on the right 

How to conduct a hypothesis test of a proportion 

This approach consists on five steps:  

1. State the hypotheses 0H  and the alternative 1H . 

The hypotheses are stated in such a way that they are mutually exclusive. That 

is, if one is true, the other must be false; and vice versa. 

2. Select a significance level αZ that separates the Critical and Non-critical 

regions. This value depends on the significance level and the confidence level 

selected. 

3. Select the distribution followed by the parameter of the sample analyzed and 

identify its Critical and Non-critical regions. 

4. Calculate the sample proportion and the test statistic defined by: 

n

pp

pp
Z

)1( 00

0

^

0 −×
−=  

Where 
^

p  is the sample proportion, 0p the null hypothesis and  the size of the 

sample. 

5. Use the one-tailed test to determine whether the hypothesized population 

proportion differs significantly from the observed sample proportion and 

interpret the results. 

4.3.2. The flight profiling system algorithm 
Once the theoretical framework has been understood, we can now start to 

describe how the algorithm classifies the profile information stored into the registers 

of our databases. To do that, we will detail the structure of each column of a register, 

which statistical method is used and the necessary information to classify them. This 

last classification is necessary to the second part of the algorithm explained in section 

4.4 The query generator system. 
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Remember that after execute this part of the system for a concrete flight, the 

obtained result is what is called the Global Profile. Besides, we will know its strong and 

weak points. 

4.3.2.1. Residential city 

The analysis and classification of this data is very simple. For each residential city 

registered between the passengers of a flight, the algorithm calculates their relative 

frequency.  

For example, let’s take a plane with 100 passengers that leaves from the Prat 

airport (Barcelona). The algorithm finds the following frequency distribution: 

City Barcelona Badalona Girona Terrassa Other 

Relative Frequency  0,6 0,22 0,1 0,06 0,02 

Percentage 
∧
p  (%) 

60 22 10 6 2 

Table 2 Distribution of the residential cities of a group of passengers 

Observe that this Global Profile is probably coming from Barcelona. 

4.3.2.2. Gender 

The gender is obviously defined by man (M) and woman (W). To know if any of 

these genders highlights, the algorithm uses the hypothesis test for a proportion. To 

apply this calculation, the algorithm needs the percentages of men and women by 

cities of the passengers registered into the database. 

Example: (being this one the first example, all the process of the algorithm is 

explained) 

Let’s suppose that our database has 80 million profiles and 300.000 belong to 

people residing in Barcelona. 120.000 are men and 180.000 are women which means 

that 40% are men and 60% are women. 

A flight which has 100 passengers (all of them coming from Barcelona) has 70% 

men and 30% women. 

Let follow the steps established in section 4.3.1.3 Hypothesis test for a proportion  

1. State the hypotheses 0H  and the alternative 1H  for men. 

%40: 00 =pH   %40: 01 >pH  

Select a significance level αZ  that separates the Critical and Non-critical regions.  

01,0=α  99,01 =−α  

33,2=αZ  

2. Select the distribution followed by the parameter of the sample analyzed and 

identify its Critical and Non-critical regions. 

The parameter follows a normal distribution 

The Non-critical region is: 
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),( 0
0 n

qp
Zp

××+−∞ α  

The critical region is: 

),( 0
0 ∞+××+

n

qp
Zp α  

 Where 100=n , 4,0=p  and 6,01 =−= pq   and 33,2=αZ  

The Non-critical region is:   

)51.0;(−∞  

The critical region is:  

),51.0( +∞  

3. Calculate the sample proportion and the test statistic. 

7,0
^

=p  
 

12,6

100

)4,01(4,0

4,07,0
0 =

−×
−=Z  

 

4. Use the one-tailed test to determine whether the hypothesized population 

proportion differs significantly from the observed sample proportion and 

interpret the results. 

),29.0( +∞∈p  and αZZ >0 so 0H  is rejected which means that the percentage 

of males is significative. 

The same process would be done for the female gender. In this case, the woman 

percentage present in the plane would not be representative so PaxFinder would not 

take into consideration this value. 

4.3.2.3. Age  

In order to know the highlighted ages of a flight, PaxFinder studies them by ranges 

applying the hypothesis testing. The project has currently the following age ranges: 

[0…1], [2…4], [5…12], [13…15], [16…18], [19…35], [36…55], [56…66], [67…130] 

First of all, the algorithm classifies the age of the passengers into these ranges and 

calculates their respective relative frequencies. Once done, PaxFinder gets the null 

hypothesis from its database where it stores the statistical data separated by cities. 

For the next example, let consider that the non-critical region is exactly the same for 

each range: 

Range [0;1] [2;4] [5;12] [13;15] [16;18] [19;35] [36;55] [56;66] [67;130] 



PaxFinder 

Barcelona School of Informatics Marc Cimiotta Ferrando 
    29 

∧
p /100 0,0 0,02 0,06 0,0 0,1 0,37 0,40 0,09 0,05 

Critical 

region 
),05.0( +∞  ),12.0( +∞  ),17.0( +∞  ),13.0( +∞  ),11.0( +∞  ),29.0( +∞  ),35.0( +∞  ),23.0( +∞  ),17.0( +∞  

0Z  -1.43 -1.68 -1.33 -2.74 -2.04 4.25 3.5 -1.68 -2.33 

Highlights NOK NOK NOK NOK NOK OK OK NOK NOK 

Table 3 Age distribution of a group of passengers 

Observe that the age of this Global Profile is between [19;35] and [36;55]. 

4.3.2.4. Job  

For this property, the process is similar to the age, except that there are not 

intervals. The algorithm classifies all the jobs of the passengers of a flight, calculates 

their relative frequencies and applies the hypothetical testing to know if any job 

outstands. For example: 

Job Pianist Sportsman Informatics Economist 

∧
p  /100 0,16 0,02 0,53 0,29 

Critical region ),26.0( +∞  ),16.0( +∞  ),17.0( +∞  ),29.0( +∞  

0Z  -0.27 -2.44 17.7 2.25 

Highlights NOK NOK OK OK 

Table 4 Job distribution of a group of passengers 

The most significant jobs that has the Global Profile are computer specialist or 

economist given that 
∧
p /100 ∈  Non-critical region or αZZ >0 . 

4.3.2.5. Number of children 

For each flight, PaxFinder looks for the significance of this value. This is done 

classifying in two groups the passengers that have children and the passengers that do 

not.  After having their frequencies, the algorithm applies the statistical hypothesis for 

a proportion to know if any of these groups predominate. The data needed is the 

relative frequency of the profiles with children for each city stored into the database.  

4.3.2.6. Marital status 

A similar process to the executed to analyze the number of children is used. In this 

case, the algorithm classifies the passengers in married and not married. The algorithm 

uses the statistical hypothesis for a proportion which needs information about the 

relative frequency of the married profiles by city stored into the database. 

4.3.2.7. Accommodation preferences 

For these two preferences PaxFinder restricts the options in order to only have 

information about the most famous hotels and campings. In this case, PaxFinder can 

store statistical information about this preference classified by countries. This way 

PaxFinder applies the statistical hypothesis test for a proportion with the preferences 

of the passengers of a flight 

4.3.2.8. Airline, interests and tourism preferences 

Among these preferences, only the airline information has been included into the 

system. For the interests and tourism preferences PaxFinder will know how to resolve 

them.  
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Given that the options taken by these properties can be unlimited, store statistical 

information about this data would not be significant and even not possible. This is why 

PaxFinder, to analyze it, uses the same method described for the residential city. This 

is to calculate for the airlines, interests or preferences registered among the 

passengers of a flight, their relative frequency. 

4.3.3. Requirements analysis 
The requirement needed for this part of the algorithm is quite clear. It is necessary 

that the system analyzes the profiles properties taking care of the statistical methods 

required and the data structures of the data analyzed.  

Steps of the requirement presented as pseudo-code 

Get passenger profiles of a flight; 

For each profile: 

For each profile property: 

 Generate the Global Profile of the flight; 

For each Global Property of the Global Profile: 

Analyze data using the required statistical methodology; 
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Specification 

4.3.3.1. Conceptual model 

Figure 6 Conceptual model of the flight profiling system 

The schema before shows the conceptual model of the flight profiling system.  

• Profile: this element represents a passenger profile. Its attributes define it and 

a set of Profiles feeds the properties of the GlobalProfile. 

• GlobalProfile: this class is compound of a group of Profiles and represents the 

Global Profile of a flight. It is also composed of a collection of Property that can 

be any of its subclasses showed in the schema above (GlobalAge, 

GlobalMaritalStatus, GlobalGender among others). The GlobalProfile cannot 

have two properties alike. 

• CalculationMethod: this class represents mathematical or statistical concepts. 

It is defined by its subclasses where we find the RelativeFrequenceCalculator 

and the HypothesisTestCalculator. These classes are methods that give marks 

to the properties that compose the Global Profile. 

4.3.4. Design 
This section details the design of the Flight Profiling System. The design belongs to 

the domain and data layer given that an interface is not needed.  
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4.3.4.1. Domain layer design 

As said, the goal is to put in order the data of the passenger profiles and calculate 

their significance level creating this way the Global Profile. Consequently, we have 

used the Controller pattern which manages the correct execution of this requirement.  

4.3.4.2. Architecturally Significant Model Elements 

  

 

Figure 7 Design of the flight profiling system 

4.3.4.3. Data Model description 

• GeneralController: gets the profiles of the data module and manages the 

execution of the requirement.  

• GlobalProfile: This is the class that has all the information related to the 

passenger profiles of a flight. 

• PropClassifiedByValue: This class has the necessary structure and 

functionalities to handle a property that needs to classify the data by value 

in order to be analyzed. 
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• PropClassifiedByInterval: This class has the necessary structure and 

functionalities to handle a property that needs to classify the data by 

intervals in order to be analyzed. 

• PropCalcByRelFreq: This class has the functionality to value the values of a 

global property using the calculation of the relative frequency. 

• PropCalcByHypoTest: This class has the functionality to value the values of 

a global property using the hypothesis test for a proportion. 

• AccomodationPrefHandler: Class that has the accommodation preferences 

of the passenger profiles. 

• AirlinePrefHandler: Class that has the airline preferences of the passenger 

profiles. 

• ResidentialHandler: Class that has the residential city preferences of the 

passenger profiles. 

• FamilyHandler: Class that has information about the significance of the 

children for the passengers of the studied flight. 

• GenderHandler: Class that has information about the significance of any of 

the two genders for the passengers of the studied flight. 

• JobHandler: Class that has information about the significance of the job for 

the passengers of the studied flight. 

• MaritalStatusHandler: Class that has information about the significance of 

the marital status for the passengers of the studied flight. 

• AgeHandler: Class that has information about the significance of the age for 

the passengers of the studied flight. 

• DataModule: See next section. 

The GlobalProfile class is used by the second part of the algorithm described in 

section 4.4 The query generator system to generate the queries that will search the 

potential profiles that could travel into this flight.  

4.3.4.4. Data layer design 

The data layer into this part of the algorithm is quite simple given that we only take 

care of the passenger profiles and its preferences. The principal design patterns used 

are the Data Access Object (DAO) and the Data Transfer Object (DTO). 
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4.3.4.5. Architecturally Significant Model Elements  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 Data model design of the flight profiling system 

4.3.4.6. Data Model description 

• ProfileDTO: class that represents a profile object with all its properties. 

• ProfileDAO: class letting the access to the Crescando database and fills 

ProfileDTO objects. 

• AirlinePrefDAO: class that accesses the database to get the airline 

preferences from a list of profiles. 

• AccomodationPrefDAO: class that accesses the database to get the 

accommodation preferences from a list of profiles. 

• StatisticsDAO: class that gets the statistical data stored into the database. 

The PropCalcByHypoTest class described into the previous section uses this 

class. 

• DataBaseHandler: class that handles the connections of the SQLite 

database. 
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4.3.5. Sequence diagram of the flight profiling system 

  

Figure 9 Sequence diagram of the flight profiling system 

Observe that the AirlineHandler and the AccomodationPrefHandler classes 

overload its methods because the data will be stored into a SQLite database. 

4.3.6. Implementation 

4.3.6.1. Technology and data structures used 

As described in section 2.4.1.2 Python is the programming language selected. Its 

standard data structures libraries have given fluidity to the development of the 

system. 

The first data structure used has been the Dictionary. Unlike sequences, which are 

indexed by a range of numbers, dictionaries are indexed by keys, which can be any 

immutable type like strings or numbers among others. The practical use of this 

structure speaks for itself given that PaxFinder works with a lot of different and unique 

values that need to be classified. Besides, the value property allows to assign the 

values calculated by any of the calculation methods. 
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The second data structure used has been the AVL tree which is used like a 

sequential list. This structure is useful to order the profile ages and find the number of 

keys between two values (remember that the age is studied by intervals). 

4.3.6.2. Implementation details  

• GeneralController: This class controls the execution of the algorithm. The 

first thing that does is to instantiate an empty global profile. After that it 

accesses the database in order to get all the passengers of a flight. Finally 

the global profile is filled with the data of the profiles. 

 

 

Figure 10 Code getting the profiles of the passengers of a flight 

• AirlinePrefHandler: This is an example of how the algorithm organizes the 

passengers data into a dictionary structure. Into this example the preferred 

airline instances are requested to the SQLite database. Next, a helper class 

searches the airline into the dictionary structure in order to update the 

number of occurrences this attribute appears. Once done, its time to 

calculate the statistical information. 

Figure 11 Code of the data analysis of the airline preferences 

• PropCalcByHypoTest:  The following code shows the calcStatistics() method 

of the PropCalcByHypoTest class. Observe that is a generic method that 

works with any property that extends it. 
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Figure 12 Code of the data analysis of the airline preferences 

4.3.6.3. Database 

As said, PaxFinder database has been distributed into a Crescando and a SQLite 

database. This decision has been taken for different reasons. The first was because 

during the internship, the first versions were designed over an RDBMS. When 

Crescando was integrated, only the biggest table migrated into it. The second reason 

was because we supposed that a profile could have more than a preference. To 

include more than one column for the hotel or the airline preferences into the Profile 

table would limit the number of preferences and would have made more difficult the 

research. 

Crescando database  

The Profile table is stored into a Crescando instance with 82.089.629 registers. No 

attribute is primary or foreign key because Crescando does not use indexes.  

More attributes than the used are shown to integrate the social networks data in 

future versions. 

 

 

 

 

 

 

 

 

 

 

Figure 13 Crescando database model 

SQLite tables 

These two tables store information about the hotel and the airline preferences of 

the passengers. Both of them have a primary key composed by the ID of the 

preference and the ID of the profile in order to prevent repetitions. 
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Figure 14 Preferences SQLite database model 

The Statistics table stores the value of the null hypothesis ( 0H ) for each property 

that needs to calculate the significance of its values. The propertyId identifies the 

property which affects given a city (cityId). The preferenceId identifies a property 

value, and the satisticValue stores 0H which is previously calculated with data coming 

from the database. 

 

 

 

 

 

 

Figure 15 Statistics SQLite database model 
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4.4. The query generator system 
The main goal of this part of the algorithm is to find potential passengers up to fop 

off the free seats of a plane. 

So, at this point, PaxFinder has all the information of the profiles ordered and 

classified into the Global Profile. Now, it is time to join its most important 

characteristics to dynamically generate a set of targets in the shape of queries. Finally, 

these queries are executed in order to retrieve instances of our database. 

This process has been selected after analyze the tools that the project uses. 

Crescando is a great DBMS that provides bound latency on any query under any 

workload. Each query is processed through a full data scan and each scan can share 

more than 500 queries indexing the query predicates. So, this potential should be 

exploited by PaxFinder. 

Now, the first thing to do is to know how to generate those queries. The first part 

deals with the conceptual framework which is the base to understand what the system 

does. The second part explains how this system has been developed showing its 

requirements, design and implementation. 

4.4.1. Conceptual framework 
This part describes the process followed by the system to find potential 

passengers. Let’s start with an illustrative example. 

The first thing that the algorithm does once the Global Profile is created is to 

search it into the database. It makes sense that the perfect target matches the Global 

Profile. This means to search a profile with the maximum number and most 

characteristic properties found. So, given the Global Profile, a first possible candidate 

could be a married men living in Seattle, between 30 and 32 years old, without 

children, which likes to flight with American Airlines to cultural, adventure and culinary 

destinations, loves Starwood Hotels & Resorts Worldwide and likes Sheraton hotels. As 

interests he loves Johann Sebastian Bach, but he also likes Dalmatian dogs and Simon 

the Sorcerer game. 

But, it is hard that the description above is in keeping with men living in Seattle. 

This is why the system needs to find less descriptive profiles. Its goal is to determine a 

series of targets until the plane is full. This is why PaxFinder will play with these 

properties in order to make them less restrictive. Following the example above, the 

last target found could be the following one supposing that 100 profiles fit into it: a 

married man living in Seattle, between 30 and 35 years old, without children, which 

likes to flight with American Airlines to cultural destinations and loves Starwood Hotels 

& Resorts Worldwide. As interests he loves Johann Sebastian Bach.  

The path to go from the first target to the last one is progressive. Besides, these 

steps are not infinite and require a methodology both to move forward as to finish the 

execution. The Query Generator System works with different kind of variables: some 

of them are simple choice variable and others multiple choice variables. There are the 

multiple choice variables which let to move forward the dynamicity of the target 

description. 
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4.4.2. Requirements analysis 
The main requirement of this part of the algorithm is to generate a dynamic set of 

queries that progressively return an increasing number of profiles up to a number of 

free seats are reached. This means to progressively modify the properties of the 

searched target (from the filters of the query) from the most to the least restrictive. 

These query modifications follow a few methodologies that play with the values of 

the properties (attributes). To quickly understand that, let’s define a multiple choice 

attribute X with three different values: A, B and C. One possible methodology to 

generate the filters of a query for the X attribute could be all the possible value 

combinations taking 3, 2 and 1 values. The multiple results of the X attribute should 

be: 

X = {ABC, AB, AC, BC, A, B, C} 

and observe that the filter “ABC” is more restrictive than the filter “A”. 

However, this progressive modification of the filters could generate a huge number 

of queries. This is an important thing to take into account. It would not be possible to 

mix all the properties of the Global Profile. Suppose that one of the eight properties 

explained in section 4.2 Passenger information has one hundred values. The possible 

queries generated with those values would be all the possible combinations which are: 

∑
=

=

100

0 )!.100(!

!100i

i ii
 

This result is obviously not supported by any system and this is the reason we have 

to limit the number of queries. However, the queries generated have to be always 

focused on selecting the most global profile in order to guarantee that the profile 

selected would always be the closest to the Global Profile. 

Those are the reasons why some methodologies have a pattern of predefined rules 

which includes the number of rules and content. The rules are specific to each 

property and give to their values a reference to classify their respective significance.  

In order to better understand all this information, let’s divide this system 

requirement into four. Each of them explains the requirements of the methodologies 

used by the properties to generate their queries. 

4.4.2.1. The Inevitable methodology 

This methodology works with simple choice attributes. This means that an 

attribute X can only have assigned one value. Emphasize that this methodology is only 

executed once for each property which is assigned to. 

The rule of this methodology is that there are no rules defined. This calculation 

method always establishes a predicate to the query. This predicate is necessary to 

filter millions of unnecessary profiles. The way it works is very simple: it takes the most 

representative value of the attribute.  
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An example could be a Barcelona-Nice flight with 135 passengers. After analyze 

their data, our Global Profile could have the following values into its Residential City 

attribute: 

 

City Barcelona Girona Others 

Percentage 
∧
p  (%) 75 20 5 

Table 5 Filter generated by the Inevitable methodology 

From these passengers, we observe that the most representative value is the 

passenger coming from Barcelona. PaxFinder has more than 80 million registers which 

49.000 belongs to profiles coming from Barcelona. This is why this calculation method 

is essential; to filter by city excludes directly from the study millions of useless profiles.  

4.4.2.2. The Trigger methodology 

This methodology manages simple choice attributes. It lets to highlight a value that 

could be common to a vast majority of the passengers of a plane. Once this value of 

the property is detected, it is considered as a required predicate for all the queries 

generated. This is the reason why this methodology is only executed once for each 

property which is assigned to. 

The Trigger methodology does not need to define any rule neither. If a significant 

value exists, it is simply added to the query until the end. 

Let’s consider the flight previously defined. The Global Profile has the following 

gender information: 

Gender Male Female 

Percentage 
∧
p (%) 40 60 

Test statistic ( 0Z ) -3.2 3.2 

Table 6 Filter generated by the Trigger methodology 

We observe that in this plane, 60% of the passengers are female. The test statistic 

of the female gender is clearly significant given that αZZ >0  
)33,2( =αZ . So, this is 

why the system should search female profiles with queries including this predicate.  

4.4.2.3. The Adder methodology 

The goal of this methodology is to progressively enlarge a range width in order to 

find a highest number of instances. This means that the Adder manages multiple 

choice attributes.  

It only needs the definition of a rule. This rule has a minimum and a maximum 

value which define the minimum and the maximum percentage of passengers that can 

be represented during the analysis of the values of a property.  
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The pattern of the rules defined to work with this methodology is like the following 

example: 

Rule number Minimum value Maximum value 

1 35 60 

Table 7 Rule pattern of the Adder methodology 

Take the age property as example. After analyze the age of the passengers, we find 

the following distribution: 

Age interval [0,18] [19,24] [25,40] [41,55] [56,65] [65,150] 

Percentage 
∧
p (%) 10 25 30 15 10 10 

0Z  -2.04 3.2 3.5 2.8 -2.20 -2.17 

Significant No Yes Yes Yes Yes Yes 

Significance order 4 2 1 3 6 5 

Table 8 Filter generated by the Adder methodology 

Once the Global Profile has the entire passenger’s information classified, the first 

step is to collect all the intervals with higher significance up to reach the minimum 

percentage defined in the rule.  

In this case, the first interval selected is [25, 40] because it has the highest 

significant value (3.5). However, this interval is not enough because its percentage is 

lower than the minimum percentage of representation defined into the rule (35%). So, 

another interval needs to be added. We observe that the next one is [19, 24] with 

2.30 =Z . Now, the percentage representation of passengers rises to (30% + 25%) 55% 

which is higher than 35%. So, the first query generated has to filter profiles between 

19 and 40 years. 

[19, 40] represents the 55% of the passengers 

At this point, if the number of profiles found is not satisfactory, the Adder 

methodology progressively adds to the filter more intervals up to the maximum value 

defined in the rule is overflowed. 

So, the sequence of filters generated is the following: 

Filter number Filter sequence Percentage representation (%) 

1 [19,40] 55 

2 [19,40], [41,55] → [19,55] 70 

Table 9 Sequence of filters generated by the Adder methodology 



PaxFinder 

Barcelona School of Informatics Marc Cimiotta Ferrando 
    43 

4.4.2.4. The Mixer methodology 

This methodology manages multi choice attributes. For example, for an attribute 

called “general interests”, we could find as possible values: football, piano, computers 

and so on. For the attribute called “tourism preferences” we could find adventure, 

sport, gastronomy and others. To like football does not exclude to like piano. 

For the Global Profile, these attributes are its preferred activities, hobbies. The 

more a preference is liked by the passengers, the more it is preferred by the Global 

Profile. 

So, the main goal of the Mixer methodology is to generate queries in order to find 

profiles that fit the best as possible the preferences of the Global Profile. However, 

observe that these attributes can have an infinite number of values. Imagine defining 

and searching a target which its favorite meals are hamburgers, jam, chocolate, paella, 

chicken curry and grilled English peas. The system will probably not find any profile 

matching this description. This is the reason why the Mixer has to manage these data 

to find passengers liking the maximum number of meals of this list. Besides, remember 

that the Flight Profiling System has calculated the significance of these meals for the 

Global Profile. 

The filters generated by the Mixer are created with three kinds of values: 

• Very significant values (Level 1) 

• Significant values (Level 2) 

• Less significant values (Level 3) 

This classification is done following three rules defined for each attribute of a profile. 

Imagine that PaxFinder would have the “Meal” attribute. The system could define the 

following rules: 

Rule number MinValue (%) MaxValue (%) Level 

1 30 100 1 

2 15 29 2 

3 10 14 3 

Table 10 Rules pattern of the Mixer methodology 

These rules let to classify in three separated groups the values of an attribute 

according to their importance. The “MaxValue(%)” and the “MinValue(%)” indicate the 

interval between the percentage of a value can be.  

For example, if 50% of the passengers like hamburgers, the first rule classifies it like 

a level 1 value. If 16% of the Global Profile is interested in chocolate, the second rule 

classify this it as a level 2 value, and so on. 

Once the values are classified into its respective levels, it is time to understand how 

this methodology generates the queries.  
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If everything goes well, PaxFinder should look for profiles of people who like 

hamburgers and chocolate. The problem is that not everybody likes hamburgers and 

chocolate at the same time. We can say that this query filters too much the searched 

profile. This is why the query has to modify progressively the structure of its predicates 

to be lighter. If the system does not find profiles fitting this pattern we would like to 

find people who like hamburgers, or people who like chocolate. Here is where the 

rules and more precisely, the column called “Level” acts. The behavior of the attributes 

into the filters depends on “Level” assigned. 

Suppose that the Global Profile has the following preferences for a generic attribute 

called “Interests”: 

Interest Football Rugby Piano Computer Clarinet Dogs Harp 

Percentage 
∧
p (%) 60 31 16 15 12 10 0.2 

Rule applied 1 1 2 2 3 3 - 

Table 11 Rules applied by the Mixer methodology to the preferences  

If the same rules are defined for this attribute, the first rule classifies the attributes 

“Football” (F) and “Rugby” (R) as level 1 value. This level indicates that these values are 

essential for the target searched which means that they are always part of the query. 

So, it is necessary that the people selected like football and rugby. 

F R 

The second rule classifies the attributes “Piano” and “Computer” as level 2 

attributes. This level means “the more, the better”. Among all the attributes which 

have assigned the second level, PaxFinder creates all the possible filter combinations. 

This means “Piano P” and “Computer C” will create the following filters:  

F R  {P C, P, C and finally None} 

A problem appears when the number of attributes with this level is too big: the 

possible combinations increase exponentially. This is why we limit the number of 

possible attributes depending on the capacity of the throughput of our servers. 

The third rule classifies the attributes “Clarinet” (X) and “Dogs” (D) as level 3 

attributes. This level considers the attributes as complements into the preferences of a 

profile. This filter is generated as a big OR and executed only once for each 

combination found for the level two attributes. In this example we generate: 

F R  {P C (X D) ; P C ; P (X D) ; P ; C (X D) ; C ; X D} 

Finally, attributes that the rules are not able to classify are not taken into 

consideration. 

The next table summarizes all the sequence of filters generated. It also shows the 

interaction between filters with different priorities. 

Interest Football Rugby Piano Computer Clarinet OR Final Targets 
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Dogs 

Attribute 
Level 

1 1 2 2 3 
 

1 1 1 1 1 F R P C (X D) 

1 1 1 1 0 F R P C 

1 1 1 0 1 F R P (X D) 

1 1 1 0 0 F R P 

1 1 0 1 1 F R C (X D) 

1 1 0 1 0 F R C 

1 1 0 0 1 F R (X D) 

Filters 
generated 

1 1 0 0 0 F R 

Table 12 Sequence of queries generated by the Mixer methodology 

4.4.2.5. Methodologies and properties 

The following table lists the methodologies and the group of attributes with which 

they work with.  

The Mixer The Trigger 

 

Personal interests 

Type of tourism 

Accommodation preferences 

Airline preferences 

 

Family 

Gender 

Job 

Marital status 

The Inevitable The Adder 

Living residence Age 

Table 13 Methodology applied for each property 

4.4.2.6. Order of the filter generation 

It is necessary to understand that the modification of the queries is done for an 

attribute one by one and one after another. This means that all the filters generated by 

a property are created during its turn. For example, the following sequences of targets 

requested are not the same: 

1. A man 

2. A 45 years old man 

1. A 45 years old profile 

2. A 45 years old man 

 

Observe that to apply the gender filter before or after age filter modifies 100% the 

intermediate results. This is why the system needs a mechanism to control this 

workflow. 

This order will be defined into a table stored into the SQLite database. 
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4.4.2.7. Summary of the Query Generator System 

In order to introduce how the system defines dynamically its targets it is important 

to understand the following schema.  

Figure 15 Summary of the query generator system 

At first, observe that the Global Profile is compound of interests, ages, airline 

preferences, jobs and residence cities. Each property has assigned a methodology to 

generate their respective filters. Besides, the “order” value will define the turn when 

the methodology has to act. 

So, the first step of the Query Generator System is to find the most global target. 

This is why all the methodologies generate their first filters. In the schema above, the 

first target is a French profile between 20 and 25 years who likes football, piano and 

likes to travel with Iberia, Lufthansa, Air France and Spanair. Observe that the Trigger 

has not created any filter because any value of the job attribute is significant. 

This first target has requested a little number of instances so the Mixer and the 

Adder have to do the algorithm move forward. 

The Mixer is executed for the preferred airlines found into the Global Profile. Each 

filter created by this methodology implies a new possible target with a set of 

parameters less restrictive than the previously defined. This process follows until no 

more values can be modified (Iberia and Lufthansa) and the next methodology starts 

its intervention.  

Supposing that the number of instance found is always insufficient, the Query 

Generator System will continue its execution until no more values can be modified. 
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4.4.2.8. Specification 

Conceptual model 

 

The next schema shows the conceptual model of the Query Generator System. It 

shows its classes and their respective descriptions. 

Figure 16 Conceptual model of the Query Generator System 

• GlobalProfile: This element represents the global profile of the passengers 

of a plane. 

• GlobalProperty: This element represents the data collected of a property of 

all the passengers of a flight. They have been already schematized and 

described in section 4.3.3 Requirements analysis and are not represented 

again into the schema.  

• FilterGenerationMethod: This element represents the concept of apply a 

methodology to generate filters of a query. Its subclasses are specific 

methodologies that generate filters. Their definition depends on the 

pattern of the rules used. All this information has been described in the 

section above.  

• ProfileFilterSequence: This element represents a set of filters. Given a 

methodology to generate queries and a property, a sequence of filters is 

created.  

• ProfileFilter: This element represents a specific filter. This means a a piece 

of query, a specific profile feature. It is composed by the values of a specific 

property. 
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• ProfileQuery: This element represents the profile searched. It is composed 

by a set of filters belonging to different properties. This means that a 

ProfileQuery cannot have two ProfileFilters from the same property. 

4.4.2.9. Design 

This section details the design of the query generator system. The design belongs 

to the domain and data layer given that an interface is not necessary.  

Domain layer design 

This section shows the domain design of the query generator system. Some points 

have been recovered from the flight profiling system in order to better understand the 

system in its totality. 

Business Entities Package 

The next diagram represents the entities included into this package.  

 

Figure 17 Business entities  

• Property: The property bean represents the property entity. This entity has the 

following attributes: 

o PropertyId  which identifies a property. 

o Name which is the name of the property. 

o Priority which defines the order within which its filters are generated 

among all the properties. 

o CalcMethod that defines which methodology has to use the property to 

generate its filters. 

o TableName that indicates the table where the property is stored. 

o ColumnName that indicates the column where the property is stored 

into a table. 

• Rule: The rule bean represents the rule entity. As said, a property has its own 

rules in order to classify its data. The attributes of this bean are: 

o IdRule identifies the rule. 

o MaxValue and MinValue that let the classification of a property value. 

o Level defines a priority to the property.  

Business Services Package 
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Figure 18 Design of the business services package 

• BusinessController: The BusinessController object is the entrance to the 

business layer. It manages the creation of the Global Profile after having 

requested and recovered the passengers’ information. Next, it manages the 

execution to the calcModule package. 

• MethodologyModule: The MethodologyModule package creates and 

progressively modifies the filters of the queries.  

• QueryManager: The queryManager package handles the execution of the 

queries which means to select the best profiles. 

• GlobalProfile: The globalProfile package contains all the information of the 

passengers of a flight. It also has the statistical information about each global 

property as well as their respective filters to generate the queries. 
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Global Profile Package  

In this package we observe the structure of the Global Profile focused on this 

section of the system.  

 

Figure 19 Design of the Global Profile 

• GlobalProfile: The globalProfile controller manages all the information the 

profile analysis wraps.  

• GeneralProperty: The generalProperty class has information about the table 

and the column where a property is stored. This information let the system 

work with more than one database system. 
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• InevitableAdderProperty: The inevitableProperty class has information about 

the specific values with which the Inevitable methodology has to work. It also 

has its respective piece of filter that the Inevitable methodology modifies 

during its execution. 

• AdderProperty: The adderProperty class has information about the specific 

values with which the Adder methodology has to work. It also has its respective 

piece of filter that the Adder methodology modifies during its execution. 

• TriggerProperty: The triggerProperty class has information about the specific 

values with which the Trigger methodology has to work. It also has its 

respective piece of filter that the Trigger methodology modifies during its 

execution. 

• MixerProperty: The mixerProperty class has information about the specific 

values with which the Mixer methodology has to work. As it has been explained 

yet, these values are separated in three different levels. It also has its 

respective pieces of filter that the Mixer methodology modifies during its 

execution. 

The properties have been explained in section 4.3.4 Design. 

MethodologiesModule Package 

This package contains the classes that manage the methodologies to be applied to 

the properties. 

 

Figure 20 Design of the Methodology modules 
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• PropertyProcessor: The propertyProcessor controller manages the order which 

the properties have to be manipulated to generate its respective filters.  

• MethodFactory: The methodFactory class implements the factory pattern 

which is a creational pattern used to create objects without specifying the 

exact class of object to be created. 

• Methodology: The Methodology interface defines the methods its subclasses 

have to implement. 

• The four different methodologies showed in the diagram are which 

progressively manipulate the values of the properties in order to generate new 

pieces of filters.  

It is worth highlighting that to add, remove or modify calculation methods turns 

into a trivial work. 

Query Manager Package 

This package contains the classes that manage the generation and the execution of 

the queries. 

Figure 21 Design of the query manager package 

The controllers of this package work with the filters that the 

MethodologiesPackage generates from the Global Profile data.  

• queryGenerator: The queryGenerator requests to the globalProfile package the 

set of filters. Once the filters are available it generates the queries that will be 

executed into the database. The syntax of the queries will depend on the 

database system. 

• queryExecutor: The queryExecutor requests to the queryGenerator the set of 

queries to be executed either in Crescando as in SQL databases. These queries 

executions will be controlled by the queryExecutor which will create the 

needed threads parallelizing the requests and improving the performance.  
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• crescandoThread: The crescandoThread class represents a thread that requests 

data to Crescando database. 

• sqlThread: The sqlThread class represents a thread that requests data to SQL 

databases. 

 

Crescando does not support multiple parallel requests yet but the structure already 

exists in case this functionality would be implemented. 

Data Model description 

Data layer design 

The principal design pattern used is the Data Access Object (DAO). 

Data Access Package 

 

 

Figure 22 Design of the data access package 

• sqlDBHandler: The sqlDBHandler provides connections to an SQL database. In 

consequence, each controller related to this class has access to this database in 

order to request their required data.  

• glbSqlQueryExecDAO:  The glbSqlQueryExecDAO class lets the parallel 

execution of the queries into an SQL database if it is supported. 

• glbCrescandoQueryExecDAO: The glbCrescandoQueryExecDB class access to 

the Crescando database. 

• propertyDAO: The propertyDAO class handles the data related to the 

properties. It access to the SQLite database to request for each property, its 
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information and the values of the rules that each methodology (described in 

section 4.4.2 Requirements analysis) has to use. 

• ruleDAO: The ruleDAO class handles the data related to the rules defined for 

each property. 

Notice that this implementation let to easily add, remove or modify database 

systems if the data of the profiles migrates to another database.  

 

4.4.2.10. Sequence diagram of the generation of the filters 

 

Figure 23 Sequence diagram of the query generation 

4.4.2.11. Implementation 

Once the methodologies to create filters have been explained and understood, it is 

time to explain how all of this is implemented. Let me present a pseudo-code 

algorithm that summarizes all the execution of PaxFinder: 

passengersProfiles := get_all_passengers_profiles(f lightId) 
gloProfile := create_global_profile(passengersProfi les) 
 
For each property ordered by property.idOrder: 

  queryGenerator.generateFilterOfProperty(gloProfil e ,property) 
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globalQuery := queryGenerator. Generate_the_global_query(gloProfile ) 
results = queryExecutor.Execute_global_query(global Query) 
If results: 

Finish 
 

For each property ordered by property.idOrder: 
 queryGenerator.generateFilterOfProperty(gloProfile ,property) 
 globalQuery := gloProfile. Generate_the_specific_query() 

results = Execute_global_query(globalQuery) 
If results: 

Finish 

 

We can observe that the first step is what it has been explained into the flight 

profiling system. The system gets all the data from the passengers of a flight and 

creates the global profile calculating the statistical data.  

Next step generates the most restrictive query. To do that, the most restrictive 

filters are created following the rules defined for each property. This is the only 

moment where the Inevitable and the Trigger methodologies are executed because its 

filters will be present during the remaining execution.  

Once all the filters have these respective predicates, the query is generated and 

executed. If the number of profiles are enough the execution ends. If not, the filters 

are modified following an order established from the beginning. Each property follows 

its methodology to change its filter. Each time a filter changes, the query is executed 

and the system looks for the number of profiles. If there are enough, the system 

finishes. 

Now, some code extractions: 

• QueryGenerator: This is the code that generates one of the set of queries. The 

prototype works with an SQL database that stores the data of the property 

rules and also the airline and the accommodation preferences. This is the 

reason why the following code generates an SQL and a Crescando query. The 

property classes handles the generation of their filters using the properties 

found into their superclasses. 
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Figure 24 Code of the generation of the global query 

 

• MixerMethod:  This is a code extraction from classPropertyPreferences() that 

classifies the values of a property into three different levels. The algorithm 

classifies into three different lists the property value in order of its significance. 

Its significance is known depending on the rule that it follows. 

 
Figure 25 Code of the Mixer methodology classifying the preferences of a property 
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Database 

Into this part of the algorithm it is important to know how the properties and its 

rules are set into the database. 

Next database schema shows it. 

The Property table contains 

property information like the 

table name and the column 

name where the property is 

stored. Each property has a set of 

rules with its respective data 

defined.  

 

Figure 26 Properties and rules database model 
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4.5. The Crescando Query Interpreter  
This section describes briefly some additional work done in order to integrate 

Crescando into PaxFinder.  

The thing is that Crescando is still not a commercial software, a finished product. 

The base of the DBMS exists, and now, some additional requirements need to continue 

being developed.  

When I was going to integrate Crescando into PaxFinder, I realized that the tool 

was missing a query interpreter to understand requests written in a language like SQL. 

The most external layer was the “Client” which manages objects that represent 

predicates of a query but, not created from a real query. The current scenario was like 

the presented into the following schema:  

 

 

 

 

 

 

Figure 27 Crescando before the creation of the Interpreter layer 

Thanks to some available unit testing, I was able to understand the Crescando 

Client. This way I created a simple generic interpreter layer programmed in C++ and 

build with BMS explained in Build Management System. This layer manages the 

interpretation of a query sentence then creates a series of objects depending on its 

predicates. So, the final scenario was the following one: 

 

 

 

 

 

 

Figure 28 Crescando after the creation of the Interpreter layer 
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Experiment with 132 passengers 

4.5.1. Global Profile information 
This experiment is done to test the correctness of the algorithm and the 

requirements of the system. Unfortunately, the theoretical foundations and the 

intuition placed into this system cannot have been proved 100% given to the 

inconsistency of the database. As said, the data stored into the database has been 

created in a random way given to the absence of real information. In addition, the 

parameters of the rules used by the methodologies of the query generator should be 

tuned by a sociological study in order to value the significance of the data analyzed. 

Anyway, the testing has been satisfactory getting the expected results. The 

classification of the information of the profiles is correctly done which means that the 

Flight Profiling System works correctly. On the other hand, the query generator follows 

correctly the expected behavior. For example, the Mixer methodology, which has been 

the hardest part to implement, generates a correct sequence of filters getting an 

increasing number of profiles as the filters get lighter. 

The following sections describe the results of an execution that analyzes 132 profiles.  

4.5.1.1. Configuration of the properties 

As said, each property has an instance stored into the SQLite database with its 

respective configurations (methodologies and rules applied). The following table 

shows the properties tested. Observe that not all the properties have been tested 

given the difficulty to create virtual information and establish a strong consistency 

between the databases. However, all the methodologies have been tested. 

PropertyId Name Priority CalcMethod TableName ColumnName 

1 ResidentialCity 1 Inevitable None residenceCity 

2 Gender 2 Trigger None Gender 

3 Children 3 Trigger None numberOfChildren 

4 Age 4 Adder None birthdate 

5 Accommodation 5 Mixer preferredHotel idHotel 

6 Airline 6 Mixer preferredAirline idAirline 

Table 14 Properties tested into PaxFinder 

The properties where the name of the table is “None” are stored into the 

Crescando database. In some tests where the filters did not filter enough, the number 

of requested profiles was too big. A parameter let to configure the number of 

retrieved data to more than 80.000 profiles but this limitation did not let an exhaustive 

analysis of every profile. 

The Priority column fixes the workflow of the modification of the filters.  
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Residential city 

The following table displays the distribution of the residential cities and the filter 

generated by the Inevitable methodology. 

Residential City Barcelona Hospitalet London Paris 

Percentage (%) 60 10 20 10 

Method used Inevitable 

Filter generated Residential city=Barcelona 

Table 15 Results of the residential city property 

Gender 

The following table displays the distribution of the gender and the filter generated 

by the Trigger methodology. 

Gender Male Female 

Passengers percentage (%) 50.1 49.9 

0p  for Barcelona 52 48 

0Z  0.23 -0.23 

Method used Trigger 

Filter generated None 

Table 16 Results of the gender property 

Children 

The following table displays the distribution of the passengers with or without 

children. Is also shows the filter generated by the Trigger methodology. 

Children Yes No 

Passengers percentage (%) 100 0 

0p
 
for Barcelona 60 40 

Z 0
 14.3 -14.3 

Method used Trigger 

Filter generated numberofChildren>0 

Table 17 Results of the children property 

Age  

The next table only shows the most significant age intervals given that there are a 

large number of intervals that not affect the query. The following values will be 

present into the filters generated by the Adder. 
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Age [60;69] [70;79] [80;150] 

Measures 16 12 44 

Percentage (%) 12,1 9,1 33 

0p  for Barcelona 5 4 7 

Z 0
 3,74 2,99 11,71 

Order by significance 2 3 1 

Method used
 

Adder 

Table 18 Results of the age property 

Rule defined into the database:  

• The minimum percentage of representation is 20 %. 

• The maximum percentage of representation is 50 %. 

Sequence of the filters generated: 

[80 ; 150] → Representation (%): 20% < 33% < 50% 

[60 ; 69] ; [80 ; 150] → Representation (%): 20% < 45,1% < 50% 

[60 ; 69] ; [70 ; 79] ; [80 ; 150] → Representation (%): 54,2 > 50% 

 

Accommodation preferences 

This property is controlled by the Mixer. This methodology needs the three rules 

showed into the next table. The MinValue and the MaxValue define the value which 

needs to be compared to Z 0
 in order to identify the significance of the preference. 

 The rules defined for the accommodation preferences are: 

Rule number MinValue ( Zα ) MaxValue ( Zα ) Level 

1  10 1000 1 (Very significant) 

2  5.01 10 2 (Significant) 

3  2.33 5 3 (Less significant) 

Table 19 Rules created for the accommodation property 

And the data classification is the following: 

AccomodationId SX FB FH RQ VI FC 

0p  (%) 0.3125 0.5 0.75 0.125 0.375 0.5 
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Measures 2 8 8 10 1 2 

^

p  (%) 2,52 6,06 6,06 7,58 0,76 1,52 

Z 0
 2,48 9,06 7,07 24,23 0,72 0,76 

Rule classification 3 2 2 1 X X 

Table 20 Results of the accommodation preference 

The sequence of the filters generated is shown in the following table. 1 indicates 

that the query filters by the value, 0 do not. 

RQ FB FH SX 

1 2 2 3 

1 1 1 1 

1 1 1 0 

1 1 0 1 

1 1 0 0 

1 0 1 1 

1 0 1 0 

1 0 0 1 

1 0 0 0 

Table 21 Sequence of filters generated by the Mixer for the accommodation preference 

Airline preferences 

The next table shows the most significant accommodation preferences.  

The rules defined for the accommodation preferences are: 

Rule number MinValue (%) MaxValue (%) Level 

1 30 100 1 

2 15 29 2 

3 10 14 3 

Table 22 Rules created for the airline property 
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And the data classification is the following: 

AirlineId AI AH AM AS AL AP AR 9W 3I AF A5 8M 

Measures 40 42 37 38 36 33 27 16 7 8 8 9 

Percentage (%) 30 31 28 28 27 25 20 12 5 6 6 6 

Rule classification 1 1 2 2 2 2 2 3 0 0 0 0 

Table 23 Results of the airline preference 

The sequence of the filters generated by this property is not shown because the list 

of the queries generated by the Mixer is too long. 

Results 

The sequence of the queries generated is quite long. To show all of them would be 

unbearable. Instead, we want to show the evolution of the queries generated in two 

simple steps: the beginning and the end. Take into consideration that the algorithm 

does not stop when some profiles are found. 

The first profile requested was the following getting 0 results (1018 from 

Crescando intersected with 0 from SQLite): 

residenceCity=Barcelona, birthdate<1931, idHotel=(S X, FB, FH, RQ), 
idAirline=(AI, AH, AM, AS, AL, AP, AR, 9W) 

Following the priority of the rules, the first filter modified is the age one; the 

second the accommodation; the third the airline. The next points shows the last query 

created getting 99 profiles (2035 from Crescando intersected with 127 from SQLite): 

residenceCity=Barcelona, birthdate<1951, idHotel=SX , idAirline=(AI, 
AH) 

 

Figure 29 Graph of the number of profiles requested by the queries generated 

Into the chart with two Y-axis showed above we can observe that the first 

executions retrieve an increasing number of instances from Crescando. The first query 
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retrieves 1018 instances, the second one 1510 and third one 2035 instances (left axis). 

This is due to the modification of the Age filter that increases its interval age of the 

target. Observe that the SQL queries do not retrieve any instance until the last 

executions. This is due to the big filter that the Airline and the Accommodation 

attributes cause. When they get lighter, the number of registers found into the SQLite 

database increase starting at the 63rd query. It is at this point where the number of 

instances found into the intersection of both sets increase. 

The number of different queries that this experiment generates grows to 73 SQL 

queries and 3 Crescando queries. Notice that it should not be the case that all these 

queries would exist in a real case. Anyway, we know that the workload of a database is 

limited and that the throughput can be very large in a big database. This is why some 

tricks have been implemented to reduce both problems mentioned.  

Some of the workload has been moved into the servers where PaxFinder is 

executed in order to apply set theory. For example, the filter of a property that uses 

the Mixer is a big query generated by an intersection of simple queries. So instead of 

execute the 73 big queries, the 13 simple queries are executed once, then the results 

are processed into the server. This method let to reduce the number of SQL queries 

executed to 13.  

Besides, the system has been implemented in order to execute the queries through 

the creation of threads. This functionality has been implemented to satisfy several 

read accesses in parallel into the SQLite database. However, highlight that it has not 

been possible to do the same with Crescando given that its Client layer does not 

support this requirement yet. 

Another way to improve the runtime of the process could be executing the SQL 

queries generated by the Mixer starting from the end of the table showed for the 

accommodation preference. The least restrictive filters should be executed first getting 

good results from the beginning of the execution. 

Anyway, the creation of the Global Profile and its search takes less than 22 

seconds. Each Crescando query is executed between 1.6 and 2.2 seconds in a database 

with more than 80.000.000 profiles and a size of 8 GB. This response time follows the 

requirements of the system where query latency must be between 1 and 3 seconds. It 

is important to highlight that the performance of Crescando is predictable given to its 

scan-only architecture. Remember that each processor handles a particular segment of 

the dataset stored in memory (for example 3GB). The time to scan their respective 

portions defines the latency of a query. This means that the more processors are used, 

the less data each processor has to handle, the more the latency decrease. So, if we 

want to divide 2 times the response time, we should double the current server. 

17% (3.7 seconds) of the run time are dedicated to the creation of the Global 

Profile. During this process, a Crescando query is executed to retrieve the data of the 

profiles (1.7 seconds). The preferences of those profiles are then searched into the 

SQLite database during 2 seconds.  

The remaining time is for the query generator. During the execution of this 

experiment, 3 Crescando queries are executed which means a 27% of the run time. 
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Finally, 56% of the time is basically devoted to the accommodation and airline 

preferences. 
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5. Project Management 
 

5.1. Schedule 

5.1.1. Initial schedule 
At the beginning of the internship, the schedule of the internship was the following 

where the tasks are divided by weeks. 

Week Activity Milestone 
31 

32 

Amadeus, the department, the team, 

Crescando, PaxFinder 

33 
Analysis of which data can be fetched + first 

extracts from Facebook 

34 
Definition if how we can interact with CSX + 

generation of dummy data 

35 Buffer 

36 
Documentation of what we intend to do + 

definition of the first rules 

 

37 Global Picture 
Demo with dummy profile data / no 

flight data 

38 Fetch 

39 
Definition of which flight data are needed + 

generation of dummy data  

40 Buffer 

41 Algorithm 

 

42 Global Picture 
Demo with real profile data / dummy 

flight data 

43 Algorithm 

44 
Fetch & first usage of Crescando 

technology 

45 Buffer 

 

46 Reporting of all activities performed so far 
Delivery of detailed activity report since 

beginning of the internship 

47 Fetch & documentation 

48 Customer Profile & documentation 
 

49 Algorithm & documentation Demo with large volumes of data 

50 Buffer 

51 Global Picture 
 

52 Global Picture Demo with large volumes of data 

1 School Report  

2 School Report School presentation rehearsal 

3 Last minute enhancements / problem fixing 

4 
Last minute enhancements / problem 

fixing 

 

Table 24 Initial schedule of the internship 
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5.1.2. Final schedule 
Next Gantt diagram shows the tasks done during the internship. All this 

information has been recollected from a weekly activity report where I emphasized the 

achievements and problems found during the weeks.  

 

Figure 30 Final schedule of the internship 



PaxFinder 

Barcelona School of Informatics Marc Cimiotta Ferrando 
    68 

5.1.3. Financial forecast 
In order to do the financial forecast of this project we have divided the different 

tasks of the schedule among three different profiles: the project manager, the 

software architect and analyst and finally, the developer. Into the final schedule 

showed above, the coordinator is not the only one that handles the tasks. For 

example, the analyst manages a huge number of tasks but the programmer also 

participates. 

The cost of the project following the cost/hour and the human resource used is: 

 

Human resources Tasks Hours Cost/Hour Total 

Project Manager 

• Project Management 

• Initial Analysis 

• Goals 

• Requirements 

• Presentations 

165 50€ 8.250€ 

Analyst/Architect 

• Architecture 

• Design 

• Implementation 

• Documentation 

370 35€ 12.950€ 

Developer 

• Implementation 

• Documentation 

290 20€ 5.800€ 

Total 118 days  27.000€ 

 

Besides this, in order to run Crescando we need to add a powerful server. The 

following table shows its specification and price for Amadeus Company. 

Resource Price 

Westmere-EP box (dual socket, 12 cores, Xeon X5670) 5.000€ 

 

Supposing that PaxFinder is executed on the same server or that Amadeus uses an 

internal one and that Crescando belongs to Amadeus, the final cost of the project is: 

Total 32.000€ 
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Conclusion 

5.2. Results  
The main initial objectives of the internship were: 

• Studying which social networks contain data relevant for the planned 

usage. 

• Studying how data can be extracted and building tool to perform the 

extractions even from social networks as Amadeus databases. 

• Getting familiar with Crescando. 

• Participate in the definition of the model of data and creating a new 

Crescando database thanks to the existing administration tools. 

• Define the parameters of a profile. 

• Define a methodology to classify and compare profiles. 

• Develop PaxFinder. 

I think that all along the internship, I have developed the different tasks derived 

from the initial goals. Each task has been satisfactorily finished even if all of them 

cannot have been included into the final solution. 

A global conclusion of this project is that its functionality cannot be known until it 

works with real profiles and gives real results to the travel industry. In spite of that, I 

have the feeling that the results could be very satisfactory in outstanding cases. 

5.3. Perspectives 
The medium term priority should be to do deep sociological investigations about 

the reasons that incite people to travel. This data could bring valuable information to 

the profile analysis like tune the definition of the rules, add new properties to define a 

Profile and improve the flight profiling system. For example could to work with the 

social class of the passengers. I am pretty sure all this information is already available 

for some airlines. 

The use of additional information not allowed during this project is the travel 

history of the people. To analyze this data could basically improve the flight 

recommendations.  However, its use would be quite complicated given that all this 

information is stored into internal Amadeus heart. 

A more technical improvement would be to give a score to each instance 

requested during the execution of the Query Generator System. This score would be 

calculated depending on the addition of all the 0Z . This means: 

∀ p, x ∈  Profile: p property, x value ∈p; 

Score(Instance) = ∑∑
= =

n

i

n

j

p

p

x

x

Z
0 0

0  
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5.4. Personal  
I would like to emphasize that the project has been very complete and varied. I 

have had the opportunity to know an international company through weekly meetings, 

where the future of the company and the team were discussed. I also have seen how a 

company puts its hopes on the development of an innovative technology in order to 

offer a better experience to its customers. I have been witness of a team motivated 

and capable of working together in order to achieve its goals. 

I have been introduced in the world of the social networks. Now, I know to develop 

applications for these platforms and interact with the information provided. I also 

discovered a handful of development technologies and management tools letting me 

to organize and work more fluently. 

I have also had the feeling to be able to overcome big obstacles during the 

internship. Remember that the bases of PaxFinder are Crescando and the information 

stored into it and neither of them have been directly available. First, I had to integrate 

Crescando to PaxFinder. After, I had virtualized the content of the database. 

Besides, the project has made me review a lot of knowledge get all along the 

degree course. These correspond to the different steps followed to do a software 

development which are analysis, specification and design to both an application and an 

algorithm and the implementation of a system. 

Finally, I want to be grateful to Amadeus and the DMI team for this wonderful 

opportunity. 



PaxFinder 

Barcelona School of Informatics Marc Cimiotta Ferrando 
    72 

6. Annex 

6.1. Social networks  
This section dedicated to the social network describes some additional work done 

during the internship. It has been added into the annex because it has not been 

possible to integrate it into PaxFinder. The reason is because at the beginning, we 

thought that the extraction of the data of these web applications would be free and 

open but it was a mistake. 

Their respective platform and privacy policies forbid the extraction of data without 

the explicit users permission. Besides, even with their permission, the massive data 

extraction and its storage are forbidden. This means that PaxFinder cannot directly 

depend on the information of these external systems. 

Anyway, we supposed that in the future Amadeus would have access to this 

information. This is why two different applications have been developed in order to 

know and test the tools offered by these companies.  

At the end of the following section Facebook application you can try to extract the 

personal profile of an invented contact called Marco Lechugon. 

6.1.1. Facebook application 
To extract the information from Facebook, we have developed a web application. 

The following schema shows the requests flow needed to have access to our Facebook 

Web Application: 
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Figure 31 Facebook OAuth Protocol flow 

The user accesses to a CanvasURL like “http://apps.facebook.com/PaxFinder”  

then the Oauth protocol starts when Facebook server realizes that the user is not 

logged. Observe that more than 66% of the requests are used to authenticate the user 

to the social network. Once our python server recieves the AuthToken, it can retrieve 

all the public data of the user. 

Facebook offers a platform to provide an interface between our server and theirs. 

It is composed of three tools shown below: 

• The Facebook API (Application Programming Interface)  

• FBML—Facebook Markup Language  

• FQL—Facebook Query Language 

In order to have offline access to a user’s public information we need to request it 

then, the user has to accept our terms of use. 
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In order to install our application in a Facebook profile we need to follow the 

following steps: 

1. Access to the application:  

 

Figure 32 Page of the Facebook application 

2. Complying with the OAuth 2.0 protocol for authentication and authorization (in this 

step the user accepts the application terms of use): 

 

Figure 33 Terms of use of the Facebook application 

When a user accepts our terms of use, our server application receives an 

authorization token that gives us offline access to his data. Next step has been to 

develop a Python application that automatically requests all available information 

through the stored tokens. 

An access token looks like this: 

110073425713509|69a15abbae7a5f04714fbd49-100201505551600|odUqbdGaRDR512hN4vkXf7texok 
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and an important thing to emphasize is that we will always have access to up-to-date 

data. 

A Facebook account has been created to show some of the information extracted: 

• First name: Marco  

• Last name: Lechugon 

• Sex: Homme  

• Hometown location: Tijuana; Name: Tijuana, Baja California Sur, Mexico; Zip: 

Country: Mexico; State: Baja California Sur; Id: 113087235373432 

• Relationship status: None  

• Activities: Piscine à boules, Lecture, Disco, Travel, Classical music  

• Interests: Internet, Informatique, La Chèvre, Ogniomistrz Kaleń  

• Birthday date: 09/15/1978  

• Music: Melodic Death Metal, Heavy metal, Hard rock, Classical  

• Tv: Un dos tres, Le Juste Prix, Club Super3  

• Movies: Casablanca, Ghostbusters, Lo que el viento se llevó  

• Books: Freakonomics, Susan George, L’Etranger  

• Email: socialnettry@gmail.com 

You can try it by accessing the next link: 

https://api.facebook.com/method/fql.query?query=SELECT%20uid,%20first_name,%20last_name,%20sex,%20hom

etown_location,%20relationship_status,%20activities,%20interests,%20work_history,%20birthday_date,%20music,

%20tvz,%20movies,%20books,%20email%20FROM%20user%20WHERE%20uid=100001505551600&access_token=1

10073425713509|2674250cb60b03b9467ed475-100001462603802|DQYtqvcxWdZIDLsNeLGZbO96Pms. 
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6.1.2. LinkedIn application 
Similar to the Facebook application, we have developed an application for 

LinkedIn. In this case, we follow the OAuth 1.0 protocol to interact with the protected 

data of our customers. 

Figure 34 LinkedIn OAuth Protocol flow 

The OAuth protocol includes the following flow: 

1. We get an API key from LinkedIn. This is also called a Consumer Key in OAuth 

terminology. 

2. We build a feature into our site that leverages the user's LinkedIn network. 

3. The user clicks on our UI to request to use that feature. 

4. Our server makes a call to LinkedIn to ask to use our authentication. This is 

called getting a Request Token. 

5. LinkedIn replies with an OAuth Token indicating that we can use the 

authentication system. 
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6. We send the user to a LinkedIn URL. That URL includes the OAuth Token we got 

and a few other parameters such as a URL for LinkedIn to return the user to 

after granting access. 

7. The user grants access to our application by signing into that page.  

Figure 35 LinkedIn login signup page 

8. Upon successful sign on, LinkedIn will return the user to our site. 

9. We will then make a call to LinkedIn to get an Access Token. 

10. LinkedIn replies with an Access Token for the user. We use that Access Token 

for any API calls to LinkedIn to identify the user on whose behalf we are making 

the call. 

If our server would stay always on, we should be able to access next link: 

http://ncegcolnx85.nce.amadeus.net:8040/?oauth_token=c0a62b00-ee29-4a2b-8030-

c9ce76274946&oauth_verifier=37512 

The result would be an xml response with next attributes (not all of them are 

represented): 

• ID: V3C3ev6DOI 

• First name: Marco 

• Last name: Lechugon 

• Industry: Music 

• Honors: Grammy price 
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• Interests: Guitar, music, to sing 

• Position: 

• Title: Singer 

• Company: TMR (Tuna Master Records) 

• Start date: 01/2009 
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