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1 INTRODUCTION

We live in the middle of an information
revolution. The unprecedented development
of information technologies results in generating
of massive data volumes in almost any area of human
activity. These massive data sets which have dpeelo
from gigabytes of data more than 20 years ago
into petabytes and even exabytes today due to rapid
development of mobile technologies and emergence
of data from social media, are often referred t6Big
Data”.

Lately, the concept of Big Data has been
passionately discussed. The continuing growth
of computing power and decrease in cost of data
warehousing has laid foundations to new analytical
possibilities which could result in a new “induatri
revolution” based on data. According to some
companies, data represent the most valuable
commaodity of the 20th century. The power of Big ®at
lies in the recently gained ability to give answers
to questions we haven't been able to answer ti th
day. They offer an alternative to the classicallods
of inferential statistics which make conclusion®uath
the whole data set based on a carefully selectéal da
sample from it. To the contrary, Big Data analysis
means analysis of the whole data set and discayerin
of hidden patterns and connections in data which
couldn’t have been seen in the past due to lack
of computing power and relevant data itself.

Aviation stands in the front line among
industries which have the possibility of leveragthg
potential of Big Data within their reach. Undertadiin
the aviation industry has always strongly relieddarta
and all airlines have massive volumes of historitzth
at their disposal because of that. This data isedto
among a number of disconnected storages. The data
has to be integrated and applied Big Data analysis
to in order to recognize hidden correlations. Thgto

understanding of these insights will have a sigaiiit
impact on airlines’ business strategies. Aviatian i
a low-margin industry which pushes companies
to continuously search for means of competitive
differentiation and market-share growth.
Implementation of Big Data analysis into company
processes can result in the desired competitive
advantage. It is even possible that Big Data aislys
will become a common concept and inability to react
to insights deduced from analysis of massive dets s
will for many companies result in uncompetitiveness
The concept of Big Data is not easy
to understand. Company CEOs feel Big Data is
something that requires immediate attention buhat
same time they are unable to imagine what value it
may bring to their company. My aim in this artidgte
to assess technology requirements of the Big Data
infrastructure and its implementation into current
airline systems but mainly to describe possibgitie
of leveraging Big Data by airlines including sales,
maintenance and decision making.

2 DATA EXPLOSION

During the course of human history, we've
experienced numerous information revolutions. The
first significant information revolution, dated arwd
3000 BC, is connected to development of the first
script [1]. Its significance lies in the ability tmake
anote of available information. It was, however,
impossible to spread information among many people
because all the information had to be reproduced by
handwriting, which was very time consuming. That
was changed around 1439 thanks to the invention
of Gutenberg’'s printing press [2]. Between 1453
and 1503, the same amount of books was printed as



had been printed over the whole course of the pusvi
history which means that the amount of information
had doubled during only 50 years [1].

The information revolution we live in has been
caused by the rapid development of information
technologies after 1945 and the birth of internet
in 1983 [3]. The companies that first leveraged the
potential of computers in the 1970s, 1980 and 1990s
were focused mainly on transactional data whichewer
of the biggest value to them. For the first time
in history it was possible to track in detail wharmere
and by whom products are bought [4][5]. Already
in 1980s, the amount of transactional data reathed
order of gigabytes which meant big demands on data
storage [6], since typical storage devices were
represented by a magnetic tape with the capacity
of 225KB, 5,25 inch floppy disk with the capacity
of 1,2MB and a hard drive with the capacity of 5SMB
[7]. By the end of 1980s, the growing popularity
of digital technologies propelled the amount ofadat
into the order of terabytes.

In 1989, the former employee of CERN, Tim
Berners-Lee, developed World Wide Web (WWW)
and pushed the world into the internet era [3][8].
During 1990s, the amount of internet data reached t
order of petabytes [6]. In the light of current
development, companies will soon have to deal with
exabytes of data and this amount of data will ihtice
new demands on infrastructure, since current
technologies are only able to cope with terabytes
or petabytes of data [6]. The dynamics of the
development of the amount of data can also be
explained by the comparison which says that the
amount of stored information is growing 4 timestéas
than the global economy. Parallel to that the
computing power is growing 9 times faster. At the
front line of the data deluge stand internet congmn
e.g. Google, where they analyse more than 24
petabytes of data every day [1].

The internet era is in important aspects similar
to the printing press era. Looking at the deep ithpa
of the printing press on its era, we can expecilaim
impact of internet on this era. Both these techgiet®
represent a major breakthrough in the way how m@eopl
communicate, how they store, update and widen their
knowledge but also in defining of knowledge
ownership and how it's obtained [2].

The last decade can be without exaggeration
called the decade of mobile revolution which sthrte
in 2003 after introduction of the third generation
commercial mobile networks. Mobile 3G technology
differs from the previous generations of mobile
networks by enabling people to use broadband n&twor
which made it possible to connect to the internetnf
any device supporting this technology and placed
within sufficient mobile signal coverage [9].

The impact of the mobile networks of the third
generation can be demonstrated on the exponential
growth of the number of devices connected to the
internet immediately after the introduction of thei
commercial usage. In 2003, there were about 6.8
billion people on Earth while the number of devices
connected to the internet was assumed to be 500
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million. In 2010, there were already 12.5 billion
devices connected to the internet (i.e. approxilypate
1.84 devices per person) and this figure is still
increasing. It is estimated that the number of g¢hes
devices exceeded 7 billion somewhere between 2008
and 2009. This important event is very often reférto
as the emergence of the “Internet of Things” [10].
Estimates of the future development in number
of devices connect to the internet vary signifibant
between 25 and 75 billion in 2020 [10][11][12].

It is almost unbelievable how dependent
on computers we have become. If we look back, 150
years ago, most people produced a tiny amounttaf da
For some these data were limited to the date df the
birth, the names of their parents, the place arté da
of their wedding and the date when they died [13].
Today, people produce a massive amount of socfal da
and willingly or unwillingly share their personal
information with third parties which can analyserth
and create a complex, almost perfect picture oAny.
company able to recognize a business opportunity
in this data can easily turn the knowledge of their
customers into profit.

3 BIG DATA

The situation connected with the current
explosive growth of data and the potential of their
possible use by companies is in today’s literauuaey
often represented by the term “Big Data”. It is,
however, not at all easy to find a unified defimiti
of Big Data. Big Data can be described as the m®oce
of complex data set analysis in order to discoveaddn
information which could support decision making
or discover patterns and correlations which have no
been previously known [14].

The term Big Data is in fact imprecise. It
suggests that the sheer volume of data is the basic
problem which has to be solved. The biggest chgdien
however, comes from the variety of data. According
to some estimates, only 5 % of all digital data is
structured, i.e. it can be stored by the meanswfkr
and columns in a relational database [1]. Such ciata
be imagined as data stored in MS Excel table. If we
only were dealing with exabytes of structured dhta
problem of volume could be easily solved by apmlyin
enough computing power. Today’s data comes from
a wide variety of sources thus differs in its stowe
significantly. We can imagine it to be text filay audio
recording, a video, pictures, sensor data, cliekstr
data, GPS data, DNA analysis data, etc. They are
massive data sets with low value density by the
analysis of which we can reach a deeper understgndi
of a specific problem [6].

Modern technologies around Big Data represent
a hot topic and in most cases are considered the
definition of Big Data itself. This definition, hawver,
omits the important fact that Big Data represeniniga
a transformation of thinking. Computer process the
data but that is not revolutionary itself. Revabutiis
happening within the data and in the way we worthwi
it. When we have access to massive data sets we are



able to run operations we couldn’t do with small
amounts of data. With the increase in volume coaes
change in nature. This opens way to predictiveesyst
relying on big data sets. The outputs of theseesyst
are forecasts which lie in the very core of Big ®at
analysis [1].

2.1 Whole population analysis

The first obstacle preventing us from unleashing
the potential of Big Data lies in the fact that eway of
thinking comes from the world of small data, i.enh
the world of data scarcity [15]. In the world of alin
data, we use methods of inferential statistics tiaice
tools helping us to make a conclusion about thelevho
population based on a randomly selected sample from
it.

Random sampling is a relic from the time
of insufficient computing power. Today, when we éav
enough computing power, storage capacity and guttin
edge tools at our disposal, we can mostly replace
random sampling by Big Data analysis, which
eliminates most of its drawbacks. Using all avddab
data instead of just a little part enables us teeole
details and connections which get otherwise loshe
data deluge. We can go through the data in morthdep
a repeatedly analyse it in a completely new way we
haven't even considered while the data was being
collected. Big Data enable us to examine new
hypotheses at many levels of detail because there a
bases on the biggest possible volume of information
and the analysis is not endangered by the risk
of distortion. When we use all data we can sponeve
the smallest details which we otherwise wouldn¥éha
been able to observe because they would simply not
even be present in the data sample [1].

2.2 From accuracy to approximity

The next field where Big Data make us reassess
our current approaches is the accuracy of processed
data. In the world of statistical analysis whereteyeto
make conclusions about the whole population based o
a tiny sample, the numbers used for analysis have a
great impact on the result of the analysis and e\
very accurate. When we analyse only a limited numbe
of data points, the final mistake gets the more
imprecise the less accurate data we use. When &e us
only a tiny amount of data we logically aim to reats
highest possible quality.

Collecting of big data sets gives way
to inaccuracies. There are in fact so many in the
volume of data that it becomes impossible to get ri
of all of them. However, we have to compromise — if
we admit inaccuracies in data, we can collect ahmuc
bigger volume of it. At the end of the day, we gain
more than we lose.

The data cannot be completely faulty, of course.
But if are only trying to assess a general trenddta,
we can lower our demand on data quality and thus be
able to work with a much bigger data set. Duringada
processing, we get rather probabilities than peecis

values. It is possible to increase accuracy byousri
means but when we are only trying to assess a glener
trend it is usually not even economical. Obsessiith
data accuracy comes from the time when each pbint o
the data set had a significant impact on the oleral
accuracy of the outcome of an analysis. Today, we
trade accuracy for the ability to create a muctmeic
picture about a situation [1].

2.3 Causation vs. correlation

It is necessary to understand that while
searching for hidden patterns and connection im dat
we’re not trying to prove causation, i.e. we cauitely
say that A was caused by B. When we see that A is
somehow tied to B, we say that A and B are comdlat
In other words, we use correlation to quantifyistaal
relationship between two data values. When two
phenomena are strongly correlated it means thahwhe
one of them is changed the second will change #s we
with a high degree of probability [15].

Predictions based on correlations lie in the
core of Big Data. Data of consumer marketing have
for example been identified as a proxy to blood
and urine samples analysis, late invoice paymests a
an indication. For example consumer marketing data
has been identified as a good proxy to blood amteur
sample analysis, late paid invoice as an indication
ofadivorce or an interest in healthy lifestyle
and buying of unscented body cream as an indication
of pregnancy. As well causation, correlation cabret
surely proved as. It can only be confirmed withighh
degree of probability. One of the advantages
of correlations is that they can be expressed
mathematically. That is, however, impossible in the
case of causation. Correlation analysis will natgis
answer to WHY some phenomena relate but in the
most of the cases during decision making it isisieffit
to know they do relate. In reality, we are not secm
interested in the WHY, the WHAT is all we need
to know [1].

2.4 Unleashing the hidden value

The immediate value of data collected by
companies is usually obvious. The reasons
for collecting data by companies are called “priynar
applications” of data. In other words, it is thergmse
for which the data is collected.

The value of data can be compared to an iceberg
floating in an ocean. The primary application ofad&
represented by it tip above water which is impdedib
overlook. The potential of data is, however,
represented by the rest of the iceberg hidden b#tew
surface and we will only see it if we'll assumedtbe
there. This potential represents the secondary
application of data usage. The more different watys
using one particular data set we can find, the nitore
will grow in value. Secondary applications require
especially an open mind, innovative approach ta dat
processing and a cutting edge set of methods and to
which are being delivered by the new generation of



statisticians. In the past, data was usually delete
archived it served its primary purpose. Today, we
already know that it still contains potential valubich
can be unleashed by certain means [1].

4 BIG DATA TECHNOLOGY

The value chain of Big Data analysis comprises
4 basic phasesData generation, Data acquisition,
Data storage and Data analysis

Data generatioris the phase is the phase during
which data is created. As noted earlier, the tetigm B
Data is used to indicate a massive, variable and
complex data set generated from different distadut
data sources, e.g. sensor data, videos, clickstdzda
and other available sources of digital data.

Data acquisition refers to the process
of information obtaining and is further subdividedo
data collection, transmission and pre-processirgaD
collection is represented by technology used fda da
collection, through which gross data is obtainemiir
the specific locations of their production. After
collection of gross data we need a high-speed
transmission mechanism to transmit data into
a respective storage relevant to the specific dicaly
application. Collected data sets can in fact inelbi
amount of nonsensical data which requires additiona
storage and influences analysis. For example,
redundancy is a typical phenomenon during sengar da
collection and we try to minimize it via data pre-
processing.

Data storage means permanent storage and
management of massive data sets. The storage system
can be subdivided into two parts: hardware
infrastructure and data management. Hardware
infrastructure represents an elastic set of sources
of information technology. It should meet the
requirement of scalability and dynamic reconfigimat
due its use in different types of application
environments.

Data management software lies over hardware
infrastructure and in order to maintain massiveadat
sets. It comprises a files system, database teciesl
and a programming model. In the field of Big Data,
distributed files systems are used which are reptes
mostly by Google File System (GFS) and its open-
source derivative Hadoop Distributed File System
(HDFS). They are both scalable files systems (their
capacity can be easily increased by additional
commodity hardware) designed for highly distributed
data applications [6]. NoSQL databases are slowly
becoming common in the field of Big Data. Their
biggest advantage over relational databases isosupp
of big volumes of structured, semi-structured and
unstructured data, quick iteration, support of obje
oriented programming and effective scalable
architecture based on commodity hardware.
Programming models decrease the performance abyss
between relational and NoSQL databases by enabling
operations over large data sets [6]. MapReducéas t
most commonly used programming model for easy
development of applications processing massive
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volume of data on a big cluster (thousands
of computers) of commodity hardware in parallel
and by reliable means [16].

Data analysisuses analytical methods or tools
for research, transformation and modelling of data
order to extract value. The emerging analytical
research can be subdivided into six technologysarea
structured data analysis, text mining, multimedia
analysis, web analysis, network analysis and mobile
analysis [6].

5 BIG DATA IN AVIATION

All companies undertaking in aviation produced
a big amount of data in the history and this amasint
still growing. According to Air Transport Action
Group (ATAG) bases in Geneva, 8.6 million peopke ar
transported by 100 thousand of flights every deyatT
means 35 million flights every year during which
trillions of data points are created [17]. Eachiaigt
connected to conduction of each particular fliglated
a data trace. In summary, hundreds of terabytes or
petabytes of structured transactional data in
conventional databases and no less than that ardunt
unstructured data are created [18]. A big airline
produces more than 3 exabytes of data every day and
this amount doubles every 3 to 4 years. At every
moment, a big airline has to be able to store nieia
1 terabyte of data [19]. The Global Distributions&m
of the company Sabre produces up to 7 terabytes of
transactional data every day [20]. The same sonari
happened on the part of the airframe manufacturers,
too. It is for example estimated that Boeing hasiad
100 petabytes of data at their disposal and theytai
find correlations within that data in order to pide
airlines and passengers with better services Rdine
aircraft can already produce between 500 and 1000
gigabytes of data on an average flight dependinthen
level of instrumentation [22].

It is impossible to overrate the transformational
potential of Big Data in Aviation. Big Data is praiily
the biggest opportunity for subjects undertakinghia
aviation industry to make use of the changing data
structure and its utility maximization. They carttye
potential to streamline business and at the same ti
bring a better experience from travelling.

A. Personalization:

Industries which produce and store big amounts
of data have the biggest opportunity to creatdevaat
business value by aggregation and analysis ofdiia
and a proper reaction to its outcomes. From thiatpo
of view, the aviation industry probably has a big
opportunity in the area of personalization and sale
their disposal, most probably much bigger than rothe
industries. Airlines sit on terabytes of their own
customer data containing details about purchasing
habits of passengers, historical data about hagdlin
processes, cabin service preferences, movement
of passengers within and airport, interactions
with Customer Care department and many other
categories of data.



The key to success is the ability to match the
right products and services to a particular passeng
who will have optimal use of it. In order to accdisp
that, it is necessary for airlines to analyse their
customer data and apply systems of automated tales
offer personalizes offers and proactive customer
service. The concept of personalization means the
ability to react to specific requests of every &ng
passenger.

The methods of Customer Lifecycle and Market
Segmentation are slowly but surely becoming olitsel
of the era of insufficient data and technologieschto
understand complex customer attitudes, behaviods an
habits on an individual scale. It is possible tanga
customer loyalty via personalization of offered
connections, business partnership, catering, gnfli
entertainment, customer service, ancillary seryices
technology innovations, etc. Airlines which will be
able to exceed customer expectations will gain the
ability of quick absorption, interpretation,
personalization and offering of a consistent préduc
which customers will remember and will be willing
to use it and pay for it again in the future [19].

Airlines will also have to face numerous
technology challenges. The result of a long term
extensive use of information systems by traditional
airlines is that Big Data technology architectuvaf
have to coexist with current hardware software and
databases because traditional tools and data rim éine
stil needed and will be useful for analysis, and
improvements of operations and customer relatignshi
Pure Big Data technologies are a good solution
for newly set up companies and purely internet
companies but we can expect hybrid environment in
current big companies in the near future which will
cause further challenges in the area of architectur
cohesion of information technologies and effective
functioning of both new and old systems. The former
data technology introduced by IBM in the 1960s are
unable to support open-source environment for Big
Data analysis, e.g. Hadoop, which is a commercially
exploitable software network including a distribdite
files system (HDFS) and a MapReduce platform [18].

Modern transactional and operation systems are
slowly replacing traditional systems but airline
managers are slowly losing interest in transactiona
data. Airlines at the front of the market standrabeir
competitors especially thanks to customer datayaizal
and knowledge of their customers. The developing
amount, structure and other attributes of dataocnsts
share with airlines causes problems, though.
Management and integration of data from various
sources is globally the biggest challenge for all
professionals in the field of customer analysiglidés
have tried to aggregate their data for decadespacho
they would create a unified tool of the ultimatathr
about their passengers. Considering the fact thtt d
in many companies are distributed over 20 various
storages and at big airlines across 50 or moregs:
creating a unified, holistic view of a customer is
a highly complex and expensive project. Some
companies were successful in creating a single
customer data management system but they mostly
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created just another isolated data silo requiragular
re-calibration which resulted in higher disorgatiza
than would have otherwise existed.

Customer profile is the key element needed for
realization of a business strategy with a customés
middle. Many airlines are unable to identify indival
customers unless they are members of their loyalty
program. The concept of a customer profile enables
this mostly because it helps to create completélg@so
of all passengers. A customer profile is ideallgGd°
view including an exhaustive list of customer
attributed. At the beginning, it enlists descriptiv
attributes such as contact information, demographic
and psychographic segmentation, hobbies and stated
preferences. The value of a customer is also iraptrt
A holistic and accurate view of a long-term potehti
value could be assessed by indicators such as total
profit, contribution to margin, history of ancillar
services purchases and loyalty program information.
Additionally, the history of interactions of thestamer
with the airlines is of significance. From personal
contact, across call centers and social media posts
processing of interactions in real time helps naimt
information awareness of the current status
and customer satisfaction, helping to tailor thetne
interaction to the situation.

Distribution has always been an area where
computers, data and analysis have been used
extensively. Therefore, it can be assumed thah@ t
first phase Big Data will have the biggest sigrifice
in the field of distribution. Some distribution eff are
already somewhat personalized e.g. based on loyalty
status or purchase behavior but the majority oérsff
today responds to customer requirements very rdynote
[18]. Our goal is not to glut a customer with
information but to offer them exactly the infornuati
they might find interesting while purchasing a prod
Big Data give us a wonderful opportunity at the
moment when a customer is looking at our product to
find out, what he’s interested in and we shouldt bes
respond to his purchase requirements.

After identification of customer profiles, we are
able to process purchase requirements
on a personalized level. A purchase requiremens goe
into customer system in real time and its pararseger
to predictive module. The customer system returns
requirement availability while the predictive moeul
determines which products and services may be
of interest to the individual customer. These piece
of information are merged in a sales modules aed th
result is presented to the customer via the digioh
channel they are using [23].

B. Predictive maintenance

Predictive  maintenance represents such
a maintenance control program which is based
on monitoring of individual aircraft components ishgr
operation, assesses maintenance requirements
and enables it to be done exactly before a possible
critical failure. The transition from preventive
maintenance base on component replacement in fixed
time intervals is based on information availability
including both historical data and current state.



Airlines use predictive maintenance to cut

maintenance costs, transform non-scheduled
maintenance into scheduled maintenance and
to minimize undesirable ground times [24]. The

potential for savings is huge. Maintenance accounts
foraround 10 % of airline operational costs
and for almost 50 % of delays. Taking and aircoait

of service for maintenance can result in additiameits
reaching 10 thousand USA per hour. Decrease
inground times via more effectively planned
maintenance can bring an airline a significantriiial
benefit [25]. This approach has been used in engine
maintenance for quite some time but airlines can
perform predictive analysis more effectively today
because new aircraft produce much more data and the
tools for their processing are already very advence
[24]. By equipping critical components of aircrafith

sensors, we are able to transmit information
to engineers on ground who can get ready
for a particular task beforehand and start with

maintenance immediately after landing [25].

In the field of predictive maintenance we can
observe the real boom of the Internet of Thingsabee
new aircraft are basically flying servers [24]. The
newest aircraft types Boeing 787 Dreamliner
and Airbus A350 are connected to the network even
more than the passengers [25]. Boeing 787 produces
around 500 GB of system data during a single flight
on average while Airbus A350 is equipped with altmos
6000 sensors in different parts of the aircraftating
approximately 2.5 Tb of data per day and it is ekpe
that its new version coming in 2020 should prod8ce
times more data than that [26]. The biggest airjine
Airbus A380, which first entered service 10 yeags,a
is equipped with 25 thousand sensors monitoring
around 200 thousand parameters [25][27]. Its new
version, A380-1000, designed for transport of up
to 1000 passengers, will be equipped with 10 thodisa
sensors on each wing [26].

In the field of predictive maintenance, the so
called unsupervised anomaly detection is useds It i
used when we are not completely sure what we're
looking for. Anomaly detection is a process
of discovery which helps us determine what is
happening and what we should be focused at. The
program for anomaly detection has to discover
interesting patterns and connections in the dafit
which is done by first identification of the most
important aspect — what is normal. As soon as the
model achieves that, the program is able to detect
outliers from the normal data set and mark them as
anomalies, which are usually indications of a béarav
leading to a malfunction [28].

C. Decision making support at an operations control
center

The main purpose of an operations control
center is an operational control of and airline
and solving of operational irregularities. The mtiek
of a dispatcher is to correctly analyse the nondsed
situation, assess what new conditions and resnisti
result from it and make a quick and right decision
leading to sustainability of current traffic and ftine

best case to minimization of negative impacts idicig
delays and additional costs.

Airline economics states that and aircraft only
makes profit during flight only. Considering low
margins in the aviation industry, it is an effoftavery
airine to maximize aircraft utilization. During
a summer season, utilization of every aircraft te t
fleet often reached 20 hours of net flying time ay d
leaving a narrow manoeuvring window for cases when

one of these highly utilized aircraft becomes
unserviceable due to technical malfunction
for example.

In order for a dispatcher to make an optimal
decision in a non-standard situation it is crucial
for them to have perfect situational awareness hwhic
can only be created by timely, accurate and complet
information. Among others, Big Data analysis is one
of the tools which can help dispatcher to achiénag. t

For sheer illustration, let's present a fictional
Big Data strategy which should support decision
making at operations control center in case
of transferring passengers at an airport. The desig
of the strategy comprises following paris: Big Data
strategy definition, 2. Business initiatives dihgct
supporting Big Data strategy 3. Outcomes and Factor
of Success, 4. Tasks and 5. Data sources.

The Big Data strategy will look as follows:

1. Big Data strategy definition

a. Support and optimization of the decision
making process in case ofdelayed flight
carrying transfer passengers

2. Business initiatives directly supporting Big Data
strategy

a. Creation of an integrated information source
processing all information relevant to optimal
decision making and reacting to changing
conditions.

b. Increasing situational awareness of dispatchers

3. Outcomes and factors of success

a. Reaching optimal delays in the network of the
company Travel Service

b. Increasing the probability of successfully
delivering luggage of transfer passengers

c. Improving image of the company and customer
satisfaction

d. Increasing overall success in transfer of transfer
passenger up to 90 %

e. Decreasing costs off missing connecting flights
to 50 % of the current state

4. Tasks

a. Collecting needed information from all relevant

b. Integration and analysis of all collected
information and assessing the impact of every
single flight on the basis of its current status on
the whole situation in the network

c. Suggesting measures for every single flight in
order to optimize delay in the network

d. Assessing economic factors for
minimization

cost



e. Predicting the impact of the current state on the
future development in the network

5. Data sources

Operational messages, Information about
transfer passengers, Information about connecting
flights, Information about ATC slots, Crew duty
limitations, Information about other flights
to respective destinations, Historical businesa.dat

4 CONCLUSION

Airlines in the deregulated environment often
balance on a narrow line dividing financial profit
and loss. Big Data most probably represent ondnef t
best tools for support of airlines’ business strgate
today which carry the potential to turn this finahc
balancing to the side of profit. Since the aviation
industry has massive volume of historical and newly

generated data at its disposal, an approach based

on data appears to be tailored to it. Airlines adie
own the data. Now is the time to come with
an innovative approach to their usage which is only
limited by our own imagination and creativity while
combining different data sources to find correlasio

Airlines traditionally collect big amount
of transactional data which represent the basiellev
of Big Data analysis usage. It is already withire th
power of airlines to deliver personalized produasda
on customer profiles created from customer datahvhi
will enable offering of highly specified product
packages to individual customers. A customer vell g
exactly the amount of service they require and twhic
can even strengthen their brand loyalty.

The effort of every airline is to maximize their
fleet utilization. This plan is, however, often tdibed
by the events of non-scheduled maintenance which
usually results in propagation of a delay across th
airline’s network and additional costs. Big Datatliis
case help via predictive maintenance which is based
on anomalous behavior detection in data colleateoh f
sensors placed on different components of an #ircra
and transferring non-scheduled maintenance
into scheduled maintenance shortly before component
failure. Apart from the fact that it will be poskb
to better predict undesired operational events,
maximize fleet utilization and decrease delays eduys
technical malfunctions to a minimum, we will alse b
able to better predict consumption of scarce smurce

during maintenance and manage spare parts inventory

more rationally.

When it's necessary to solve operational events
from the position of an operations control ceniers
necessary to work with timely, accurate and conaplet
information which are relevant to the optimal st
of the whole situation. Due to the fact that aatiton
can be influence by many different factors at thme
time it is not always within the power of a disgacto
assess the situation optimally. When we have enough
operational data at our disposal we can instantgsigo
find the best solution via Big Data analysis coasitg
the current and future state of an airline’s nekwor

An airline is able to keep its competitive
advantage when it's offering a unique product vialea
to customers and difficult to be imitated
by competition. It is obvious that Big Data repmse
a tool which can be used by many different airlines
and thus isn’'t unique or non-imitable. It can be
expected that Big Data will bring the biggest
competitive advantage to companies which will bke ab
to leverage their potential in the early phase hafirt
development. In the future, however, they will b@eo
a common standard that will bring actionable intgh
and solution suggestions for future development
optimization.
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