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Abstract

Most of the flight search engines that are currently available in the Internet can be
considered as meta-search engine. They forward the route query to other websites such
as online travel agents, major airlines, and low-cost carriers. The result from each source
is collected and aggregated before presented to user. There are several weaknesses for

this approach.

First, not all available routes can be found. Take low-cost airlines (which emphasize
on direct flights) as example. If the airline doesn’t have a direct flight from X to Y,
then trying to search for route from X to Y, would give no result, although it has route
from X to Z and Z to Y. Second, they can not mix flights between airlines in different
alliances. An airline would never promote flights from other airline, except if the other

airline is in the same alliance or if there exists some codeshare agreements.

In this thesis we propose a mashup solution for this problem. A mashup application
does not own the data. It uses data from other resources (called content provider) to
create a new application with new feature and functionality that is not offered by any of
the content provider. The web data extraction technology from Lixto Visual Developer

is used to wrap data.

The flight search problem is treated as graph search problem with airports as the nodes
and the pair of airports where exists direct flight between them as the edges. We con-
sider the scalability of the current flight search engines by introducing hub identification
heuristic. Instead of analyzing and evaluating all possible routes to reach the destina-
tion, this heuristic gives hint on which hub airports that are possibly containing the best
routes (in terms of shortest flight duration). Hence, the system can limit the search by
only considering a fraction from all possible routes. Performing the search this way also
ensures system scalability and increases the system’s responsiveness by shortening the

query procesing time.

The term interesting route is defined as a list of routes which match with the user’s
preference. An interesting route for one may not be interesting for the other. Therefore,
three sorting criteria are used for evaluating and ranking the search results. The search
is also very customizable, for example user can choose airline preferences (e.g. only
searching from low-cost airlines), transit time preference (e.g. transits between 1-3
hours), which airports/routes to be chosen for transits/stops (e.g. avoid non-Schengen
airports), and searching for flights from close airports (e.g. include other airports within

particular distance from the original departure airport).
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Chapter 1

Introduction

Travel industry is clearly one where Internet has a strong impact on customer behavior
and business models. In Europe, online travel sales accounted for about 10% of the total
market in 2005. Internet transactions are showing a strong growth rate and are expected
to reach 20% of overall market in 2010. In air travel sector, the online transaction is

even higher, accounting for over 50% of the European online market.

According to recent research by the European Commission [19], more and more European
tour operators are taking reservations online. About 36% of tour operators, 62% of
hotels, and 40% of package deal operators have internet booking capabilities. Of those,

28% receive a quarter of their bookings via this channel.

There are clear advantages of doing reservations through the Internet. People can book
a reservation 24 hours a day, 7 days a week. Online booking saves a lot of time. One
can now reserve and pay for a flight to Paris (comparing schedules and prices), book an
ongoing rail ticket to Toulouse, select a hotel on the basis of exterior and interior views
and customer reviews, negotiate over the room price and bed size, and order flowers and
chocolates to be delivered upon arrival, all without leaving one’s desk. Different offers

can also be compared with complete transparency.

Online travel agencies are taking over from traditional travel agencies. They have the
advantage of being able to access multiple real-time reservation systems, to group prod-
uct offerings, and to provide preferential pricing through strategic alliances with various
online reservation system firms. It is obvious that online services provide less consulta-
tion, but clients don’t have to go into a travel agency. Both sides win, while clients can

review the various offers at their leisure, the companies can cut distribution costs.

Online services are also feeding a new trend called dynamic packaging in which people

switch from the traditional all-inclusive packages that have been offered for decades by

1
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travel companies. Rather, they can create their own packages as their wish, choosing

the flight, hotel and local services themselves - a process made easier on the Internet.

The convenience and availability of information makes the traditional travel agents (still
struggling with text-based direct reservation systems, directories of hotels, and the prob-
lems of making multiple telephone calls, maybe to countries with several hours of time
difference) redundant. The only way in which travel agencies can compete is by focusing
on the ever-decreasing proportion of consumers who are not computer-literate or who

would rather pay someone to make reservations for them.

Low-cost airlines, modeled on the phenomenally successful Southwest Airlines in the
United States, are characterized by high utilization of aircraft, one-way pricing and
extra charges, such as for food and drinks. The Internet has helped fuel the boom in
low-cost airlines such as Easy Jet, Ryan Air, and Air Berlin, which rely almost entirely on
online reservations. For these airlines, online booking means extra revenue, eliminating

giving away commissions to the travel agents.

Europe’s low-cost airlines have grown at a tremendous rate in recent years as attractive
ticket prices incited more people to fly. According to a recent article at International
Herald Tribune [26], low-cost carriers are growing at 9 percent a year. The arrival of
low-cost airlines across Europe has created an explosion of new resorts in places like
Murcia (Spain), catering to budget tourists. It is extraordinarily easy and cheap to get
to Murcia from nearly anywhere in Britain - and from many small cities in Germany,

the Netherlands and Norway, for that matter.

Passenger statistics at Murcia’s San Javier Airport over the past decade illustrate the
magnitude of the problem. Arrivals increased from 88,608 in 1995, to 848,037 in 2004,
to a staggering 1,905,182 last year - more than a 20-fold increase in a little more than a
decade. Norwegian, Scandinavia’s largest low-cost airline, flies to Murcia from Bergen,
Oslo, Stavanger, and Trondheim, with prices starting at about €100. Demand for low-
cost flights is galloping so fast that private investors are building a new international

airport in Corvera, 20 minutes from Murcia.

It is not only low-cost carriers who are expanding their business, major airlines do that
as well. People are becoming more mobile each day, so that the need for traveling is also
increasing. Just few months ago in October 2007, Singapore Airlines launched the first
commercial flight with Airbus A380, the new double-decker jumbo jet, from Singapore
to Sydney and return. This A380 can carry up to 525 people in three-class configuration
(economy, business, and first class) or 853 people in all-economy configuration. All of
these facts constitutes the fact that online airline business will be one of the dominating

Internet business in the future.
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1.1 Motivation

There are a lot of flight search engines currently available in the Internet. If one tries
to search in Google using keywords such as ”cheap flights” or "flight booking”, he/she
would get numerous number of online travel agents from where the flight query can
be posed. Most of these search engines share the same characteristic, that is they
behave as meta-search engine that simply forward the query to several other websites
and aggregate the result from each website. In flights domain, meta-search engine has

some inherent weaknesses.

The first weakness is that current flight search engine has not yet offered all available
routes. We take an example from one of the low-cost airlines, that is Easy Jet. In Easy
Jet’s website, there are two select boxes, one for choosing departure airport, and the
other one is for choosing destination airport. The website uses JavaScript so that the
list of destinations changes dynamically based on the choice of departure airport. By
choosing Barcelona as departure airport, we get the list of destinations that reachable
from Barcelona. Since Rome is not in the list of destinations, then it seems that we
can not fly with Easy Jet from Barcelona to Rome. This statement is true if we only
consider direct flights. However, if we consider also transit routes, then it is actually

possible to go from Barcelona to Rome with Easy Jet.

By browsing through the destinations reachable from Barcelona, we find that Easy Jet
has flight from Barcelona to Paris and from Paris to Rome. Hence, it is logical to infer
that one can fly from Barcelona to Rome by using only Easy Jet’s flight. The problem
is that not everyone has the patience to look for such kind of route. Aside from frequent
flyer or loyal customer of Easy Jet who may know about the existence of this route,
common people would consider another airline that advertise this route, possibly taking
direct flight from a major airline for which the ticket price is higher than combining two

Fasy Jet’s flight.

There is no entity to be blamed for this result. Low-cost airlines are known for empha-
sizing only direct flights. They never advertise transit destinations (destinations that
can be reached by transiting at other airport), even if it is possible to make connecting
flight. They leave it to the travelers to find the existing transit connection by themselves.
In the other side, the customer doesn’t have time and patience to search for all possible
combinations. By giving the departure and destination airport, they want the system

to figure out itself all the possible alternatives and present them with the good ones.

We do the same search for Barcelona-Rome route at several online travel agents. The
result is that this Easy Jet route is never found. To be noted, we ensure that Easy Jet

has flights on the date, for which the transit time is 2 hours and 5 minutes (this transit
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time is short so that the route should not be eliminated by the travel agents). This
example shows that there is a need for a search engine that can find the transit routes

from low-cost airlines.

The second weakness is the concept of mizing airlines (for transit routes). Having transit
means that the whole journey can be broken into several flight legs which are independent
one another. Independent means that each leg can be served by any airline (from any
alliance). However, rarely we found the flight search engine that uses this concept. There
are some search engines that show transit routes composed from different airlines, but
it is limited to airlines in the same alliance. This mixing airlines concept is important
since it may result in more flexible schedules, more flight alternatives, and possibility of

getting cheaper fare.

The third weakness with current flight search engine is on the evaluation and ranking of
search results. Most of them simply categorize the best flights are the ones with cheap
price and short journey time. This evaluation may fit with most people, however not all

travelers are satisfied with this setting.

It needs to be noted that there are different types of travelers. A flight plan that is good
for one, may not be good for others. The backpackers, who are tight on budget, may
consider that low-cost flights are the best. They don’t mind to have very short transit
(which may make them rush to catch the connecting flight) or very long transit (which
may make them spend overnight at airport), as long as they can get the bargain price
and travel with minimum budget. Business travelers may have different preferences.
Price is the last constraint of their decision. They prefer to fly with reliable airlines
(who have excellent on-time performance), having no or minimum number of transit,
and short journey time. There are others, in the middle of these two extremes, who
satisfy enough to fly with not-so-comfortable airline and to pay not-so-cheap price, as

long as they can arrive at their destination.

It would be nice if we have a search engine that can be customized such that we can
search, for example, only from low-cost or reliable airlines. It is also nice if one can
mention that his/her tolerance of transit time, for example to find connecting flights
with departure time at most 3 hours from the previous leg arrival time. By having this
customizable evaluation setting, the engine only looks for transit routes which satisfy

this constraint. Hence, each traveler can find best flights of his/her version.

The final motivation of this thesis concerns about the scalability of current flight search
engines. As the number of airlines growing in the future, then the number of resources

that needs to be considered by the search engine would also grow in direct proportion.
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By observing on how current engines perform their search, it raises a question whether

these engines are scalable to follow the growing trend of airline industry.

1.2 Contribution

In this thesis, we propose a mashup model for a flight search system. Mashup are
application that combines data from multiple resources (called content provider) to
create a new application which provides new and distinct functionality that is not offered

by any of the content provider.

The flight search problem is transformed to graph search problem with airports as the
nodes and the pair of airports where exists direct flight between them as the edges.
The list of nodes and edges is extracted from the Web by using a wrapper generation
technology from Lixto Visual Developer. For the edges, we only consider direct routes
from the airlines that we want to consider in our search. The wrapped data is put
in local repository (database) so that the data retrieval and query processing can be
performed faster since all the needed resources reside locally. The query processing part

is handled by creating a rule system that governs how the search is performed.

We are only interested in direct routes so that we can freely mix and match which flight
and airline to choose for each flight leg. By this way, we have a solution to the mizing
airline problem. By having direct routes, the system can also infer that if Easy Jet
flies from Barcelona to Paris and from Paris to Rome, then it is possible to go from
Barcelona to Rome, by Easy Jet, by connecting through Paris. Hence, we can find the

transit routes offered by low-cost airlines.

Several leading-edge technologies that are used in this system:

e Lixto Visual Developer to extract data from the Web.

e PostgreSQL for the database and PostGIS as its spatial extension (later in

Chapter 2, it will be explained why we need this spatial extension).
e PLpgSQL, the proprietary language of PostgreSQL (which is similar to Oracle’s
PL/SQL) to build the rule system.
By performing the search process locally (not real-time), several issues need to be further

explained.

First issue is about the data validity. How can the system assures that the data is up-

to-date and that it suggests correct routes (meaning that the flight schedule is exist and
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correct if the query is done directly in the respected airline website). We observe that
airline schedules are weekly-based, and do not change very often. The schedule has some
validity period, for example in Europe, there are different summer (where routes to new
summer destinations such as beach are opened) and winter schedule (where routes to the
winter destinations such as ski places are opened). Therefore, to provide an up-to-date
data, the wrapping has to be performed in a timely basis to preserve the data in the

local repository to be always actual.

Second issue is about the ticket price. Ticket price are determined based on many factors
such as seat availability, route traffic (fat or thin route), and discount/promotion. Ticket
price can change at any time, and it can’t be predicted when the change happens.
Therefore, ticket price query should be done in real-time. Wrapping ticket price in
advance would not be useful since the price when the wrapping is performed with the
price when the query is posted may be different. Moreover, to wrap the price data for

all possible connections for all possible routes is tedious, if not impossible task.

We define price index approach to differentiate between low-cost and major airlines.
Price index gives information, not on the real price, but on the likeliness of price, based
on the airline. This approach is used based on obeservation that in real world, the
price hierarchy between airlines exists. It is more vivid in major airlines. A general
observation on Economy-class flights from Europe to Asia, the middle-east airlines such
as Emirates, Qatar, and Etihad Airways have cheaper price compared to Lufthansa
and KLM. But, Lufthansa and KLM have cheaper price than British Airways and Air
France. The price index has range value from 1 to 10 where 1 indicates the cheapest and
10 indicates the most expensive price. One possible implementation is to assign low-cost

carriers with price index value from 1 to 5, while for major airlines it is from 6 to 10.

In this system, we also embed the concept of searching from close airports. This con-
cept aims to give alternative routes originating from other airports in particular radius
from departure airport. To know the distance of an airport to other airports we need
geocoding technology. This technology is embedded in PostGIS spatial extension of Post-
greSQL. Lixto Visual Developer is used to wrap the geographical coordinate (latitude

and longitude) of each airport so that the distance can be computed.

In existence of many possibilities to reach a destination, not all routes would give good
results. For example, considering possible one-transit routes to fly from Vienna to
Frankfurt, then Dubai is a possible transit since from Vienna we can fly to Dubai, and
from Dubai we can fly to Frankfurt. However, no one will choose the Vienna-Dubai-
Frankfurt route since there exists other transit airports inside Europe that give better

time performance and cheaper price.
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We define the hub identification heuristic for dynamic hub identification. Instead of
analyzing and evaluating all possible routes to reach the destination, this heuristic gives
hint on which hub airports that are possibly containing the best routes (in terms of
shortest flight duration). Hence, the system can limit the search by only considering a
fraction from all possible routes. Performing the search this way also ensures system
scalability and increases the system’s responsiveness by shortening the query procesing
time. In Chapter 5, this heuristic will be discussed in detail where the optimality of the

heuristic will be shown.

We also define the term interesting route for our search results. Interesting route is
defined as a list of routes which match with the user’s preference. It can be sorted based
on three criteria: time, reliability, and price to give users full flexibility on defining which

routes are most interesting for them.

1.3 Organization of Thesis

The thesis is organized as follows.

Chapter 1. Introduction. This chapter gives a general overview of the problem do-

main, describes the motivation, and defines the contribution of this thesis.

Chapter 2. Preliminaries and Background. We begin the chapter by providing an
overview of major and low-cost airlines, and their differences. We also evaluate
the functionality offered by some flight search engines and discuss the advantages
of mixing airlines. The last part of the chapter discuss the geocoding technology,
PostGIS, and Maps API.

Chapter 3. Extracting Data from the Web. This chapter exposes some state of
the art technologies to extract data from the Web. We begin by showing some
problems to pull data from the current Web. Next, Semantic Web vision and
some techniques to perform web data extraction is discussed. The last part of the

chapter describe the wrapper generation technology from Lixto.

Chapter 4. System Design and Data Preparation. This chapter comprises two
parts. The system design part focuses on the system architecture and business
logic while the data preparation part focuses on the wrapping and data cleaning
effort to populate the database. Some wrapping examples using Lixto VD are

shown in this chapter.
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Chapter 5. Scalable Algorithm. This chapter begins with discussion on the com-
plexity for flight search. The next part discuss the route determination, hub iden-
tification heuristics and the approaches that we use to ensure the scalability of our

system.

Chapter 6. Experimental Results. This chapter presents step by step tutorial on
how to perform the search. It also shows various search features embedded in the

System.

Chapter 7. Conclusions. This chapter contains the summary and future works in

this area.



Chapter 2

Preliminaries and Backgrounds

2.1 Types of Airlines

There are several types of airline in the airline world today. Major airlines or full-
service airlines are the ones which offer many convenience to their passenger such as
single check-in, smooth transit, and advanced baggage handling so that the baggage
appears at final destination as if by magic. In the other hand, low-cost airlines, also
known as no-frills or discount carriers, are the ones which offer generally low fares
in exchange for eliminating many traditional passenger services. A recent article at
International Herald Tribune [7] introduces another type, hybrid carriers which blend
low-cost traits with those of traditional or full-service carriers in the pursuit of business

travelers.

The high level of service offered by major airlines are complicated and costly. It requires
interline and code share agreements, integrated processes, systems for bookings of con-
nected tickets, and distribution of revenues. Checking passengers and baggage through
to final destination calls for baggage handling services at each stop. All of these add up

to higher ticket prices. There is nothing low-cost about the full-service connection.

Low-cost airlines tend to focus on short haul routes (of generally less than 1,500 km).
To achieve the low operating costs, this type of carrier needs to have as many seats on
its aircraft as possible, to fill them as much as possible, and to fly the aircraft as often
as possible. They usually use uncongested secondary airports and not offering anything
other than point-to-point services. Significant cost savings can be made by selling di-
rectly to customers via the Internet and call centres and by using electronic ticketing.
By not selling via travel agents, low cost airlines avoid travel agency commissions and

also avoid computer reservation system fees.
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Low-cost airlines generate their revenue from selling various services to passengers such
as travel insurance (for those without personal travel insurance), express/priority board-
ing (for those who want hassle-free boarding before the other passengers, to avoid the
boarding crowds and choose the seat of their preference in case of non-seated flight where
passengers may occupy any seat). They also charge for the foods and drinks offered on
board. Some discounts may be given if the meal is ordered prior to the flight, for example

when booking the flight.

Figure 2.1 displays the screenshot of an order page from a low-cost airline, showing
multiple fee components that constitute the total fare. Sometimes, the sum of the other
fees may be higher than the ticket price itself. Figure 2.2 displays the screenshot from

another low-cost airline which offers lounge and seat assignment service.

Passenger Details

Title First name Last name Price
1 v 3 Bags & Airport Check-in v 55.00 EUR
Would you like to be one of the first passetr:]g:hr: ;?rlz:aaf:g ves ®No O 5.00 EUR
Confirm Country of Residence to purchase Travel and Austia - 14.50 EUR

Medical Insurance Yiew Benefits

If you would prefer NOT to purchase travel insurance simply choose No Travel Insurance Required in the drop down menu.

Information - Online Check-In 0.00EUR
Bag/Airport Fee Info 55.00 EUR

Priority Boarding? 5.00EUR

Insurance Total 14.50EUR

Total 74.50EUR

FIGURE 2.1: Order screen of a low-cost carrier, showing the total fare components

Experience the airport lounge

Tue, Jun 10, 2008 Menzies Executive Lounge West (AM3) for €21 @ Details
Tue, Jun 10, 2008 JET Lounge {VIE) for €25 = Details

Think of the environment

[ contribute 4 EUR per person to balance the 193.12 kg carbon dioxide on this booking

Select your seat

Select your seat

* gxtra leg room seat

* seat near the window ar isle
s seat close to the exit

FIGURE 2.2: Lounge and seat assignment service offered by a low-cost carrier
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Some comparisons between major airlines and low-cost airlines are shown below.

Price. The ticket price of major airlines is usually multiple times of low-cost airlines

for the same route.

Network Topology. Major airlines use hub-and-spoke while low-cost airlines use point-
to-point (direct flights). Therefore, when delay happens and the passenger misses
the connecting flight, usually there is no compensation from low-cost airlines since
they sold the flights separately, not as a package of several point-to-point connec-

tions.

Baggage Handling. Major airlines offers check-in through, for which the baggage is
only checked-in once at departure. The baggage is handled by the airline so that it
is routed to the final destination without passenger needs to collect it at each stops.
Low-cost airlines emphasize the use of direct flights. Baggage is not automatically
transferred from one flight to another, even if both flights are from the same airline

comparny.

Passenger Class. Major airlines have different passenger class, such as Economy, Busi-
ness, and First class. Low-cost airlines only have single passenger class, but passen-
gers may have different services (depends on the extra services that the passengers

purchase).

Seat Assignments. Major airlines have seat assignments and passenger may choose
their seat on check-in for free. Low-cost airlines usually do not have seat assign-
ments, but passengers who want to sit in a particular seat can purchase for reserved

seat, by paying some extra amount.

Booking process. Major airlines sell their tickets through various channels, such as
travel agents, city counter, and airline’s website. Low-cost airlines emphasize direct

booking, either through Internet or call center.

Airports and Flight Time. Major airlines use major airports and operates in various
time of the day. Low-cost airlines usually only use secondary or less-congested
airports and fly in early morning or late night to avoid air traffic delays at day
time due to congestion. Secondary airports tend to charge airlines less for using

their services. Since they are less busy, delays due to congestion are less.

Aircraft type. Major airlines use various types of aircraft, possibly from several man-
ufacturers. Low-cost airlines use single aircraft type for some reasons. First, pilots
and cabin crew can operate on any aircraft in the fleet, reducing training cost of
the crew. Second, they can do bulk purchase of aircraft components at lower price,

reducing the maintenance cost of the aircraft.
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2.2 Several Types of Flight Search Engine

Based on its business purpose, there are two types of flight search engine: indepen-
dent and commercial. Independent flight search engines do not sell tickets. They
merely perform the search, then redirect potential clients to the respected airline web-
site to continue with booking process. Some examples of independent search engine are
Skyscanner!, Momondo?, and Dohop?. Commercial engines are usually owned by
travel agents which have agreements with the airlines to allow clients to book directly
in their website. Some examples of commercial search engine are Opodo?, Expedia®,

Travelocity®, and Orbitz”.

Visit each discount airline to check availability and prices
From
Country

pustri 3 SKY SkyEurope

City / Airport EUROPE Vienna (VIE} to Lisbon (LIS)
“ienna - Vienna Intl (VIE) v

view Map or List
Air Berlin

Vienna (VIE) te Lisbon (LIS}

To
Country

Portugal v

City / Airport
Lishon - Lishoa (LI5) v

Also try our non-discount airline search

FI1GURE 2.3: Screenshot of AirNinja

Southamptan (30U | [innsbruck (NN) A | AirBetlin (BER)
sEumsmp(SE(N) ! Istanbul Sabiha (SAW) Website: aitberlin com S sesum
— Austria —————————— lzmir(ADB) | s
Graz (GRZ) Jerez (<FY) iy Busope (ESK)
Innshruck (INN) Kos (KGS) Website: wwrw.ckyeusope.com.
Klagenfurt (KLU) laPalma(sPe) ol
Linz (LNZ) Lamezia Terme (SUF) Germenmwings (WD
Salzburg (SZG Lanzarote (ACE) o eboite: pemmammings.com  IMSSIATACH
Lamaca(LCA) DT e

— Belgium ————— Lss Palmas (LFA)
Brussels (BRU)
Brussels S Charleroi (CRL) & | | London Luton (LTN) v

Step 1: Step 2: Step 3:
Select where you want to fly  Select where you want to fiy  Choose from the airlines which fly

; ta from the available routes: on your selected route:

FIGURE 2.4: Screenshot of Low Cost Airline Guide

There are numerous number of low-cost airlines nowadays. The names such as CoastAir®,
Corendon?; and Sterling!® may never be heard by most people. Even if they know that
those names correlates with airline, then which routes served by the airline may not be

a common knowledge.

"Mttp://www.skyscanner.net
*http://www.momondo . com
3http://www.dohop.com
“http://www.opodo.com
Shttp://www.expedia.com
Shttp://www.travelocity.com
"http://www.orbitz.com
8http://www.coastair.no
http://www.corendon.com
Ohttp://www.sterling.dk
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There exists search engines which are built to help people to find which low-cost airlines
serves the route of their journey. Its input is simply the departure and destination
airport. It does not provide any information on flight’s availability, schedule, or price.
Figure 2.3 and 2.4 shows the screen from AirNinja!! and Low-Cost-Airline-Guide'? for

routes from Vienna to Lisbon.

| Espafial

STAR ALLIANC

THE WAY THE EARTH CONMNEC

TRAVELLERS BUSINESS SOLUTIONS | PRESS

Benefits | Tools & Services

Latest Star Aliance flight schedules and &
=election of other tools and services to
assizt you before and during your travels

Check the status of your flight
Fare product calculstors

“isa & Heafth Information FLIGHT SEARCH
Star Alliance Screensaver =LA
From / To [] 7 day lockup  Departure / Return One way

I+ more toals & services Vienna [VIE] fustria | 2008
Jakarta [CGK], Indoresia 0 v | May v 2008~ || [P]

FicURE 2.5: Star Alliance search page

Departure = Arrival - [g'm“‘)“ Stops/Via <+ Flights Book here

= 0910 24 Jun 03:25 +1 dayis 18:15 2 Stop - Via FRA-SIN JP143S025/50952 [5] details: [% adrig-sirways com
0%:10 24 Jun  09:25 +1 day's 19:15 2 Stop - Yia MUC-SIN LH3351 L H7a0/20a54 [] details [# lufthansa.com

= 000 24 Jun 09:25 +1 dayls 19:15 2 Stop - Yia FRA-SIN JP4HSQ25/50954 [3] details % adria-sirways.com
10:55 24 Jun 11:25 +1 day's 19:30 2 Stop - via FRA-BHK LH3S31TGI21/TG433 [4] detailz [ ufthanza.com
A1:20 24 Jun 09:25 +1 day/s 17:05 2 Stop - Yia MUC-SIN LH3S53LHTA0/50a54 [3] details [ lufthansa.com
11:20 24 Jun 10:35 +1 day/s 18:15 2 Stop - Via MUC-SIN LH3553LHTA0/20a56 [3] detailz [% lufthansa.com

gwry 11:25 24 Jun  11:25 +1 dayis 19:00 2 Stop - Yia CPH-BKK SHESHTGAS TGS [3] details [ fly=as.com

FIGURE 2.6: Star Alliance search results, showing offered flights from the alliance
airlines: Lufthansa, Adria Airways, and SAS Scandinavian

Every airlines and airline alliances website usually have search engine that only searches
for flights that are served by themselves and codeshare flights that are served together
with, or solely by their partner/alliance. The search process is fast and the prices are
correct because all data are retrieved directly from their back-end system. Figure 2.5
and 2.6 shows the search page and search results from Star Alliance, an alliance formed
by Lufthansa, Austrian Airlines, Singapore Airlines, United Airlines, and several other

airlines.

Yhttp://www.airninja.com
2http://www.low-cost-airline-guide.com
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A flight meta-search engine is a flight search engine that sends user query to several
other low-cost carriers, major airlines, and online travel agents. The results are aggre-
gated into a single list and displayed according to their source. Meta-search engine can
generate more comprehensive search results from several sources and save user’s time
from having to search in multiple engines separately. Most flight search engines that are
currently available in the Internet can be categorized into this type. Figure 2.7 shows

how flight meta-search engine works.

a N

Web
Crawler

Input >

Low cost carriers

Major airlines Online travel agencies

QE ) Terminal A
e LGS

«§» Spanair

Austrian Y
X ""‘opodo & Expedia.com
BUNITED astminute.com

SkyExpress KSREANAIR %

Hoxympie

Search
Aggregator

l

Output

FI1GURE 2.7: Working diagram of flight meta-search engine

Show results by Website | Airling ‘ Price ‘ Departure time | Return time ‘ Star Rating ‘
egersal = Ebookers offers 21 trips - see all www.ebookers.at
5 Wed, 23 Jul. 19:15 - 1735 “ienna Intl AustriandLufthansa Economy Adk ki
Soekamo Hatta Intl 2124 EUR
Iatest price
o X
OPDdO Opodo offers 23 trips - see all www.opodo.co.uk
. Lufthansa + other
. “ienna Intl finfiaitatt?
2 Wed, 23 Jul 19:45 - 17:35 Jakarta aitlines Econormy 2133 EUR
Iatest price
t = SingaporeAir offers 1 trip www.singaporeair.com
X . Econormy
5 Wed, 23 Jul 07:20 - 0895 “ienna Intl SingaporeAir ' 3 ¢ ¢
Soekamo Hatta Intl 4208 EUR
latest prive

FIGURE 2.8: Screenshot of Momondo showing the websites from where the price is
obtained
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Figure 2.8 shows a search result from Momondo, a travel search engine that claims to
search 492 travel sites (as of 10 June 2008) at once and find the best fares. Momondo
does their search by using web-crawlers which need to fill in information (departure,

destination, departure dates) in order to access information (timetables and prices).

From all the search engines that we discuss above, they have one thing in common, that
is the departure date has to be fixed. For travelers with flexible date, they may want
to check the price for different departure dates so that they can go on the date when
lowest price is offered. Skyscanner is built for this purpose. Not only the dates are
flexible (during whole month or whole year), but the destination are also flexible. User
can check the prices for many destinations in a country. Figure 2.9 and 2.10 illustrates

this idea.

Select destination (direct flights) : o

Sort: Price, City name (A-Z) (Z-A) Page: 12 Mext
O Gerona Ryanair 9,00&
O Barcelona SkyEurape Arlines, air Berlin, clickarr, ... 49,17 €
O lbiza Fhytlii 117,00 €
O Alicante SkyEurope Arlines and FlyMiki 124,17 €
O Pama Flyiki and ger marwings 127,00€
O Madrid Fhyhdiki 132,00 €
O Sevile Flyhiki 147,00 €
O Walencia FlyMiki 147,00 €
O Malaga Air Berlin, Fyiiki and Lauda Air 151,00€
O Murcia Flyhki 157,00 €
O Bibao Fhytlii 162,00 €
O Sanfiago de Compostela Flyhiki 177,00£
O Asturias FlyMiki 187,00€
O Almeria Flyhliki 20700 £
O Menorca Flyiki 207,00 €

FI1GURE 2.9: Skyscanner results for flight from Vienna to multiple destinations in Spain

during July 2008

Select outbound date in July

176,00
122,00
22,00

44,00

OC00QCCIO0
1]2|z2/al8 6 7|20

£ have cursor aver bars to see flight details. Click bars to select

B
(5
th
(5]
o
[
-1
(5]
W
5
['s]
W
[=]
w
=

FI1GURE 2.10: Skyscanner results for flights from Vienna to Barcelona during July 2008
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2.3 Advantages of Mixing Airlines

Low-cost carriers only focus their business in certain regions. They do not cover a large
area of operations as major airlines. A research that was carried out by Dohop Analytic,
reveals that adding one transit to low-cost routes brings a notable increase to the number

of additional reachable airports.

Table 2.1 shows the increase for four low-cost airlines, by connecting with another airline
with less than 4 hours in transit, respecting minimum connection times for each airport.

The travel period for this research is first week of September 2007.

TABLE 2.1: Number of reachable airports of by adding one-stop (table is reproduced
from [8], with the addition of last column)

Airline Direct Airports Addition (one stop) Scale factor
Ryan Air 170 311 1.83
Easy Jet 70 550 7.86

Iceland Express 9 145 16.11
German Wings 65 549 8.45

Interline travel is simply vital to the global traveler. Connections allow a much wider
choice and flexibility in terms of airlines and schedules. Departing from London Luton
airport, travelers can choose from 66 airports using non-stop flights but 587 additional
ones via one connecting flight [8]. If all European low-cost airlines would connect with
other airlines, it would improve the total efficiency air travel significantly. It could reduce

the average duration of journeys due to less waiting in airports and shorter flights.

Another possible advantages of mixing airlines is to get cheaper fare. To illustrate this
idea, we search for flights from Vienna to Jakarta through Frankfurt on a particular date.
For Vienna-Frankfurt route, there are several flights from major and low-cost airlines
such as by Austrian Airlines, Lufthansa, Adria Airways, and Niki. For Frankfurt-Jakarta
route, the only direct flight is by Lufthansa.

Based on the route findings, then it is clear that the price is determined by the first leg
flight since there is only one choice for the second leg (which is Lufthansa with price
€2400). We check the price of each airline serving the first leg route and get the result
as follows. Lufthansa and Austrian Airlines offer price around €600. Adria Airways
offers €150. But, Niki, only offers €50. Therefore by combining Niki-Lufthansa, the
traveler can earn €550 savings (compared to completely using Lufthansa for the whole

journey), a deal that doesn’t need to be thought twice by budget travelers.
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2.4 Geocoding

Each airport has a coordinate, expressed as latitude and longitude, in earth geographical
system. The coordinate can be mapped to see the location of each airport to the world

map as in Figure 2.11.

We can calculate distance between two points in the earth, given their coordinates.
Earth surface distance is defined as the shortest distance between any two points on the
surface of a sphere measured along a path on the surface of the sphere (as opposed to
going through the sphere’s interior). Figure 2.12 shows the great-circle distance between
point p and ¢ with red line. A method to calculate earth surface distance is by using

great-circle distance method [31].

-

FIGURE 2.11: Map of European airports

Spherical geometry is different from ordinary Euclidean geometry. The distance between
two points in Euclidean space is the length of a straight line from one point to the other.
On earth sphere, there are no straight lines. In non-Euclidean geometry, straight lines
are replaced with geodesics. Geodesics on the sphere are the great circles (circles on the

sphere whose centers are coincident with the center of the sphere).

Between any two points on a sphere which are not directly opposite each other, there is
a unique great circle. The two points separate the great circle into two arcs. The length
of the shorter arc is the great-circle distance between the points. Between two points
which are directly opposite each other, called antipodal points, there are infinitely many
great circles, but all great circle arcs between antipodal points have the same length,

that is half the circumference of the circle, or 7r, where r is the radius of the sphere.
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FIGURE 2.12: Great-circle distance

One use of geocoding in this thesis is to calculate distance between airports. This
distance is useful to know which other airports located in particular radius from an
airport. Therefore, we can implement the search from close airports feature, which is

useful for the following purposes:

e Flight availability.
In high/peak season, it is very useful to consider flights from nearby airports if all

flights from the preferred departure airport is fully-booked.

e Lower fare.
A less-congested airport may have alternative flights with lower fare. This is due
to the fact that most of low-cost airlines use secondary airport. A comment from
a reader in an online article [27] reveals this fact. The reader searched for flights
from Orlando, Florida to Copenhagen, and it costs $ 1100 with three stops. But,
if he flew from Stanford, Florida (located 20 miles from Orlando airport) to the
same destination, there exist a flight plan with only two stops with price under $

700.

e Existence of better routes.
Currently, there is no direct flight serving route from London Stansted to Lisbon.
By includeing other airports in radius of 100 km from Stansted, the system can
find London Gatwick (96 km), London Heathrow (73 km), and London Luton (46

km), from where there exists direct flight to Lisbon.
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2.5 PostGIS

PostGIS is an open source spatial extension to PostgreSQL relational database. PostGIS
adds support for geographic objects to the PostgreSQL object-relational database. It
is developed by Refractions Research, a company from British Columbia, Canada as
a project in open source spatial database technology. The architecture of PostGIS is

shown in Figure 2.13.

User 1 User 2 Applications ‘ ‘ Web Server ‘
(database (database
client) client)

A4 A4 A4

PostGIlS %
PostgreSQL database server postmaster
m

FIGURE 2.13: PostGIS extension in PostgreSQL relational database

In effect, PostGIS spatially enables the PostgreSQL server, allowing it to be used as
a backend spatial database for geographic information systems (GIS) like Oracle Spa-
tial extension. For managing large volumes of read/write spatial data, using a spatial
database can improve access speed, ease management overhead and guarantee data in-

tegrity.

PostGIS has been certified as ”Simple Features for SQL” compliant by the Open Geospa-
tial Consortium. PostGIS was first released in 2001, and is now used around the world
as a high-performance server for spatial objects. It features a spatially-enabled query
planner, highly concurrent R-Tree spatial index, and hundreds of spatial analysis and

processing functions that allow for GIS-style data analysis right inside the database.

2.6 Maps API

As part of our customizable system approach, we let user to choose the routes from
which they want to perform the search. This feature may be useful if user wants to avoid
some airports possibly due to transit visa regulations, airport comfortability, or merely
personal preferences. However if the user doesn’t have ample geographical knowledge,

the user may get lost and choose transit airports that is far away from the destination.
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By displaying the route map, the user can get hints on the journey’s path before making

their decision.

Currently, there are two free mapping API providers that can be utilized, Google Maps

APT and Yahoo! Map. There are some differences between them which are listed below.

Geocoding support. Yahoo provides geocoding support while Google accept only lat-
itude and longitude. The Geocoding Web Service from Yahoo allows user to find

the specific latitude and longitude for an address.

Map generation. Google Map can be embedded in any website, while for Yahoo, the

map is only generated in Yahoo site.

Technology. Google Map is based on JavaScript and support Ajax. Yahoo Map use
XML (based on geoRSS 2.0) API and does not support Ajax.

Purpose and usage. Google Map can be used for commercial purposes, but should be
freely available to end user. Usage is not restricted up to an upper bound. Yahoo
Map can be used for commercial purposes, but should obtain written permission,

no usage restriction.

We choose to use Google Map API so that the map can be embedded in the local web
server. Since Google does not provide geocoding, then it needs to be supplied with
latitude and longitude of the airports, which is obtained through web data extraction.
Figure 2.14 shows the example of possible routes from Barcelona to Berlin using Google

Map API.

From: BCH - Barcelona From: BCH - Barcelons
From: BCH - Barcelons Transit 1: ORY - Pars Orly Transit 1: LTH - Londan Luton
Transit 1: DTM - Dortraund Transit 2: HUE - Huremberg Transit 2: FAO - Faro
To: THL - Berlin-Tegel To: THL - Berlin-Tegel To: THL - Berlin-Tegel
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FIGURE 2.14: Google Map example for possible routes from Barcelona to Berlin
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Extracting Data from the Web

3.1 The Problems with the Web

Web is the biggest database in the world. Billions of diverse documents are put online.
However, it is unstructured and lacks of query techniques to pull data from it. Below,

we present several problems that are faced by the current Web.

The first problem is on retrieving documents. For example, we are interested to know
the price of Jurassic Park book by Michael Crichton. Posing this query in Google, we
get the results as in Figure 3.1. The results doesn’t show exactly which link provides

the price information.

G 0 L )8 le jurassic park book price e

Web Shopping

Shopping results for jurassic park book price
HARDCOWER BOOK JURASSIC PARK BOOK 790 - Daolhouse ...
The Lozt World Jurassic Park book by .. §2.40 - kidhoxes com
Jurassic Park, Michael Crichton, Book $1.00 - Redl Carpet Books Inc.
See jurassic park book price results available thiough Google Chedout

Armazon.cam: Jurassic Park: Michael Crichton: Books #4€

List Frice: $7 00 Frice: $7.00 & eligible for FREE Super Saver Shipping on orders over
$26. ..... Visit Jurassic Park What an amazing book, so exciting. .

. smazon. comdJurassic-Park-Michaek Crichon/dpAl3d53707 75 - 257k -

Cached - Similar pages - Nate this

Jurassic Park - YWikipedia, the free encyclopedia #4

Jurassic Park [1l,  film not based on 2 Crichton book, came sutin 2004, Some significant
changes include:. The book includes several scenes with the

enwikipedia orghwiki/ Jurassic_Park - 61k- Cached - Similar pages- Hote this

Free Book Motes.com - Jurassic Park by Michael Crichton (Free ... €
fres cliff nates, book summaries, and study guides for Jurassic Park by Michael Crichten
. freebonk notes.com/book php3Fid=223 - 17k- Cached - Similar pages - Hole this

Jurassic Park (hook) Quiz #¢
Jurassic Park (baok) quiz by Clueless, Quiz menu. Click here for more Literature quizzes.
i nethimiLsers24u7043 him - dk- Cached - Similar pages - Hote this

Barnes & Moble.com - Books: Jurassic Park, by Michael Crichton ... #4
7.08 Online price; 7.1 Member price; Join Now. sip o cart .. In the book Jurassic
Park, Br. Hammand brings @rant to his island in Isla Nublar, .
search.bamesandnoble.com/urassic-Parkichasl-Crichton/e/ 780345370778 - 78k -
Cached - Similar pages- Nate this

FIGURE 3.1: Google search results for Jurassic Park book price

21
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The second problem is on extracting information. Figure 3.2 illustrates this problem
by searching for books about ”Web” in Amazon'. We take the top four search results
and analyze them. There are several prices for each book, so it is not clear which price
is exactly the right one. The first three books have the right context, but the fourth
book is not about Web. The computer can’t be blamed for displaying the fourth book.

It does not know what is the semantic of ”Web” about.

Learning Web Design: A Beginner's Guide to {X)HTML, StyleSheets, and Web Graphics by
Baperback - Jun 23, 2007) - Illustrated

Jennifer bied Robbins and Aaron Guskefes
kf7 (25 Eiig Saver ST

Yoirinkr

ible for FREE Super Save

Which one is the price?

‘SEARCH INSIDEF Web Analytics: An Hour a Day by Avinash Kaushik (Paperback - Jun 5, 2007}
4 ; Buy new: $29.99 $10.70 38 Used & new from $16.13

rid
6L 1t by Thursday, May 29 f you orderin the next 7 hours and
.4: :
Fefefchoe (1) Eiobi for FREE Supes Saver S

High Performance Web Sites: Essential Knowledge for Front-End Engineers by Steve Soude
{Paperback - Sep 11, 2007) - Illustrated

Buy new: 0041079 40 Used Sinew frem $13.76
by Thursday, May 28 if you order in the nex|

Yodnindnls (2 Efigibla for FREE Supar Saver Ship

7 hours and

This book is not about “Web”

SEARCH INSIDEL™ Charlotte's Web by E. B. White, Garth Williams, and Rosemary Wells (Paperback - Oct 2, 2001}
{5 € T T T T T
v Thursday, May 28 1 you order i the next 7 hours &

Yriesrieds j  Eiigible for FREE Super Saver Shipping.
Other Editionst Hardcover, Paperback, Audio €D, Library Binding See all 10,

Encerpt- page 10: .. Charlatte's Web Every morning afcer breakfast, Wilbur walked outte the road ..
Surprise mel Ses : randsm paqs in this baok,

FIGURE 3.2: Amazon search results for books about ”Web”

The third problem is on combining/aggregating information. Figure 3.3 shows two
search results for ” Semantic Web Primer” book from Amazon and Barnes&Noble? (BN).
Human eyes can quickly capture the picture of the book cover and infer that the two
books are the same. However, for computers, pictures is just a sequence of bytes without
semantics. The book title is different. BN includes ISBN number of the book, while
Amagzon does not. Hence, it is difficult for computer to decide whether this two books

corresponds to same book.

How if the user wants to know which store has the cheapest price, which price should be
used for comparison? There exist different price schemas. The computer does not have
basis to determine the price for this user since there is no information on which kind
of user performs this search (member or non member) and what preference does he/she
has (new or used books). A more difficult question is, which store has the cheapest total
price, including shipping charge? This question can’t be answered without employing

deep web navigation technique to retrieve the shipping charge.

"http://www.amazon. com
“http://www.barnesandnoble. com/
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Amazon:

A Semantic Web Primer, 2nd Edition (Cooperative Information Systems) by Grigoris Antanial
and Frank van Harmelen (Hardcover - Mar 31, 2008)

Buy new: 4200 $32.60 27 Used m$27.00

Sel by Thursday, May 28 1 o ade hours and choass aoe-day shipping.

wﬂ
- Foir ) Eiigible for FREE Super Sav

Barnes & Noble:

Semantic Web Primer
by Griqaris Antoniou, Frank Wan Harmelen oOnline Price: §42.nn

> Write 3 review

FASTS:FREE o Add to Cart

ISBN-13: 9780252012423 Sales Rank: 206,572
Pub. Date: March 2008 Check store availability =
fidess, languages, and technologies that are > 7 used from

of the Semantic Web, for use as a tentbook or 3 Add to wish list

F1cure 3.3: Difficulties of aggregating search results

3.2 Semantic Web

The Semantic Web vision was conceived by Tim Berners-Lee, the inventor of the World
Wide Web. It can be simply defined as the Web with a meaning. The idea of representing
information in structured form so that computers can understand it and then solve

complex problems was one of the keystones of the Semantic Web vision.

- SkyEurope has a flight with number NE3612.
- Flight NE3612 flies from Vienna to Amsterdam.

- Flight NE3612 departs at 6:30 and arrives at 8:25.

Statements such as above are easy to be understood by people. But how can they be
understood by computers? This is what Semantic Web is all about. Describing things
in a way that computers applications can understand. Semantic Web describes the
relationships between things (like A is a part of B and Y is a member of Z) and the

properties of things (like size, weight, age, and price)

The Semantic Web is an evolving extension of the World Wide Web in which the se-
mantics of information and services on the web is defined, making it possible for the
Web to understand and satisfy the requests of people and machines to use the Web
content. Information is stored in a machine-readable format so that computers able to
handle information in more useful ways by processing the meanings within documents
instead of simply the documents themselves. Provided with the data semantics, then

computers can find, extract, share, re-use information, and potentially even reason with
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it. In the future, it will realize the Web as a universal medium for data, information,

and knowledge exchange.

With Semantic Web, the information is structured, but it does not mean that the com-
puter can necessarily solve complex problems. These are two completely different things.
Just because you have a map, does not mean that you know the best way to get from
point A to point B. Having a map is necessary, but it is not sufficient, you need the
algorithm to find the best path. There is a big difference between asking what is the

capital of France and what is the cheapest airfare today to fly from New York to Paris.

The goal of Semantic Web is to collect data in a useful way, like a large database.
Semantic Web will allow businesses to manipulate external, heterogeneous Web data in
much the same way they do internally. Its most immediate use may be as a tool to
solve data integration problems. It relies on structured sets of information and inference
rules that allow it to understand the relationship between different data resources. The
computer doesnt really understand information the way a human can, but it has enough

information to make logical connections and decisions.

The Semantic Web would allow manipulation across multiple, heterogeneous databases.
This capability could, for instance, allow an electronic airline reservation service to
automatically interact with a personal calendar program to arrange a flight that fits a
user’s schedule, even if there was no pre-established interface between the two pieces of

software.

Some elements of the Semantic Web include Resource Description Framework (RDF),
a variety of data interchange formats (e.g. RDF/XML, N3, Turtle, N-Triples), and
notations such as RDF Schema (RDFS) and the Web Ontology Language (OWL), all of
which are intended to provide a formal description of concepts, terms, and relationships
within a given knowledge domain. The Semantic Web is a simple, but potentially poweful
idea. Just as the Web was implemented using URLs, HT'TP and HTML, the Semantic
Web is built with URIs, HTTP and RDF.

3.2.1 Resource Description Framework (RDF)

An official W3C recommendation, RDF is an XML-based standard for describing re-
sources that exist on the Web, intranets, and extranets. RDF builds on existing XML
and Uniform Resource Identifier (URI) technologies. URI is an identifier for resources,
and not location on the Web. It is not necessarily to be started with "http”. For a book,

the suitable URI perhaps is in the form of ISBN number.
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RDF documents are complicated and hard to be read by human without the help from
RDF parser software. To tackle this issue, triple data model is constructed as <subject,
predicate, object> to represent the same data in RDF in simple notations which is
more human-readable. A subject can be formed by a resource (identified by a URI) or
blank node. Predicate corresponds to property. Object can be a resource, blank node,

or literal value.
Figure 3.4 shows an example of RDF for airline’s schedule which expresses the following
facts:

- SkyEurope’s flight number NE3612 flying from Vienna to Amsterdam, departs on

6:30 and arrives at 8:25.

- SkyEurope’s flight number NE3613 flying from Amsterdam to Vienna, departs on
8:55 and arrives at 10:55.

- KLM’s flight number KL 1849 flying from Amsterdam to Vienna, departs on 20:30

and arrives at 22:20.

~
6:30 \ ex: skyeurope ex: kim
ex: NE3612 4/ l Py
8:25 4«
\ ex: KL1849

ex: AmsterdamAirport

T 200

/V 8:55

ex: NE3613
—» 10:55

VIE < ex: ViennaAirport

= cx: hasFlight
— cx: departFrom

X destination

——— cx: departure
— X arrival

e eX: jataCode

FIGURE 3.4: RDF example for airline’s schedule

By creating triples with subjects, predicates, and objects, RDF allows machines to make
logical assertions based on the associations between subjects and objects. And since RDF
uses URIs to identify resources, each resource is tied to a unique definition available on
the Web. However, while RDF provides a model and syntax (the rules that specify the
elements of a sentence) for describing resources, it does not specify the semantics (the

meaning) of the resources. To truly define semantics, we need RDFS and OWL.
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3.2.2 RDF Schema (RDFS)

RDFS is used to create vocabularies that describe groups of related RDF resources and
the relationships between those resources. From previous example, using RDFS, we can
say that ”Sky Europe” has type of ” Airline” and "NE3612” has type of ”Flight Number”.
Further, we can restrict that "hasFlight” property has domain of class ” Airlines” and

range of class ”FlightNumber”.

Using the same triples paradigm defined by RDF, RDF'S triples consist of classes, class
properties, and values that define the classes and relationships between the resources
within a particular domain. In an RDFS vocabulary, resources are defined as instances
of classes. A class is a resource, and any class can be a subclass of another. This
hierarchical semantic information is what allows machines to determine the meanings of

resources based on their properties and classes.

Overall, RDFS is a simple vocabulary language for expressing the relationships between
resources. Building upon RFDS is OWL, which is a much richer, more expressive vo-

cabulary for defining Semantic Web ontologies.

3.2.3 Web Ontology Language (OWL)

OWL is the third W3C specification for creating Semantic Web applications. Building
upon RDF and RDFS, OWL defines the types of relationships that can be expressed
in RDF using an XML vocabulary to indicate the hierarchies and relationships between
different resources. In fact, this is the very definition of ontology in the context of the
Semantic Web: a schema that formally defines the hierarchies and relationships between
different resources. Semantic Web ontologies consist of a taxonomy and a set of inference

rules from which machines can make logical conclusions.

Since taxonomies (systems of classification) express the hierarchical relationships that
exist between resources, we can use OWL to assign properties to classes of resources
and allow their subclasses to inherit the same properties. OWL also utilizes the XML
Schema datatypes and supports class axioms such as subClassOf, disjointWith, etc., and
class descriptions such as unionOf, intersectionOf, etc. Many other advanced concepts
are included in OWL, making it the richest standard ontology description language

available today.

All the detailed relationship information defined in an OWL ontology allows applications
to make logical deductions. Its important to note that OWL has three sub languages,
each with increasing complexity: OWL Lite, OWL DL, and OWL Full. OWL DL
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includes OWL Lite, and OWL Full includes OWL DL and OWL Lite. Developers
choose which OWL dialect to use based on the level of complexity and level of detail

required by their semantic model.

When RDF resource descriptions are associated with an ontology defined somewhere
on the Web, intranet, or extranet, its possible for machines to retrieve the semantic
information associated with each resource. Its in this way that URIs, XML, RDF,
RDFS, and OWL combine to make the Semantic Web a reality.

3.2.4 Challenges of Semantic Web

Semantic Web is not a very fast growing technology. Since the beginning, it has been
associated with artificial intelligence. It was developed by people with academic back-
ground in logic and artificial intelligence. For traditional developers it is not very easy
to understand. The problem for representing billions of existing web documents as RDF

is a rather daunting, if not impossible task.

A more difficult aspect of building Semantic Web is the creation of ontologies. This
process requires efforts by diverse communities, such as the medical, insurance and
finance industries, to develop common vocabularies that systems will use to recognize
what’s in a Web document. Fortunately, creating ontologies doesn’t require a global
coordinated effort. If words are used differently, such as ”title” in insurance vs. the

7title” of a book, services will be able to map those differences to allow interoperability.

3.3 Techniques for Web Data Extraction

The Semantic Web that we just discussed, in practical, can still be considered as merely
a vision. There are some progress into realizing it, but in general we have not been able
to pull data, such as airline schedules by using Semantic Web. Therefore, in this section

we discuss about some other techniques for web data extraction.

We need to differentiate between data discovery (retrieving documents) and data
extraction (extracting information). Data discovery deals with navigating a web site
to arrive at the pages containing the data you want, and data extraction deals with

actually pulling that data off.

A simple data discovery might be as simple as requesting a single URL. For example,
going to the homepage of a news site and extract out the latest news headlines. However,

in real-life scenarios, most of the time the case is not that simple. Password-protected



Chapter 3. Eztracting Data From The Web 28

sites, cookies, JavaScript, Session IDs, Web forms iterations, traversing series of pages,

following all the detail links, and dynamic changes on websites are the obstacles.

In the data extraction phase, we already arrived at the page containing the data, so
that the only thing left is to pull it out of the HTML. The simple extraction can involve
creating a series of regular expressions that match the pieces of the page we want (e.g.,
URLs and link titles). However, regular expressions can be a bit complex to deal with.

Screen scraper can simplify the process by hiding most details behind the scenes.

Regular expressions is an easy approach when the number of page to be scraped is small
and all the data is contained in one page. Regular expressions are supported in most
programming languages, even in VBScript. Various implementations of it don’t vary
too much in their syntax. For someone that has been familiar with a programming
language, then regular expressions can be a quick solution to wrap a Web page. An
example which shows regular expression extraction method using PHP is the Yellowpages

Scraper Tutorial®.

Screen scraping is a technique in which a computer program extracts data from the
display output of another program. The program doing the scraping is called a screen
scraper. The output being scraped is intended for final display to a human user, rather
than as input to another program, and is therefore usually neither documented nor
structured for convenient parsing. Screen scraping is generally considered an ad-hoc, in-
elegant technique, often used only as a last-resort when no other mechanism is available.
Aside from the higher programming and processing overhead, output displays intended
for human consumption often change structure frequently. Humans can cope with this

easily, but computer programs will often crash or produce incorrect results.

Compared to regular expression, screen scraping abstracts the most complicated stuff
away. User can do some pretty sophisticated things in most screen scraping applications
without knowing anything about regular expressions, HT'TP, or cookies. Once the user
master a particular a screen scraping applications, the amount of time required to scrap

a site is dramatically reduced.

3.4 Lixto Visual Developer

Lixto Visual Developer (VD) is a wrapping software tool which is developed by Lixto
GmbH?. Lixto VD allows its user to define wrappers, which visually access data in a

structured way, as well as configuring the necessary web connectors.

3http://www.scrapingpages.com/
“http://www.lixto.com
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4.5 Wrapping Airports Data

Figure 4.8 shows the screenshot of WAC. In the top bar, we have alphabets from A to
Z. Each alphabet contains the link to the detail page, containing all airports with TATA
started with the letter. The figure shows airports with IATA starting with A.

These alphabets are the first iterator. Below the first iterator is the list of airports which
are the second iterator. For each airport, by clicking on the airport name, WAC opens
the detail page containing airports data that we need. Appendix A contains full details
on the wrapping of airports data. Figure 4.7 shows the data model that is used in the

wrapper.

=-[&] airports
(8] iata
(8] name
(e] city
(e] country
[e] countrycode
[e] longitude
[e] latitude
[e] gmt

FIGURE 4.7: Lixto data model for airports

AIFPOFTS BY AIFPOFT COdeE
A-B-C-D-E-F-G-H-1-J-K-L-M-N-0-P-Q-R-5-T-U-¥-W-X-Y-2
Airpoyt . Country
Code Airport name Country Name abbree,
ChA .fl,ﬁ Catacamas Honduras HM
CAB d) Cabinda Angola A0 . .
cAC A Cascavel Brazil BR nd iteration
CAD ) cadillac United States us 67
ChE A metropolitan Airport United States us 67
i Brasit B
CAG 3 Elmas Ttaly i 450
Detailed data of
each airport

FIGURE 4.8: World Airport Codes screenshot
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The sample XML output from the wrapper is as follows:

<?xml version="1.0" encoding="UTF-8"7>

<document>

<airports>
<iata>: VIE</iata>
<name>: Schwechat International (7)</name>
<city>: Vienna (7)</city>
<country>: Austria (7)</country>
<countrycode>: AT (7)</countrycode>
<longitude>: 16 34 11 E (7)</longitude>
<latitude>: 48 6 37 N (7)</latitude>
<gmt>: +1.0 (7)</gmt>

</airports>

</document>

4.6 Data Cleaning of Airports Time Zone Value

In the data that we get from WAC, we found the existence of some invalid time zone data.
Some airports have simply its minus and plus sign reversed, however some others are
completely located in wrong time zone. Therefore, aside from the simple data cleaning
effort, such as cleaning the unnecessary annotations, in here we need a more complex

data cleaning effort.

The following heuristics are used for the data cleaning:

e Most of the records have its countryid field in ISO 3166-1 alpha-2 format (e.g.
AT for Austria, DE for Germany).

e Most countries are located in single time zone.
The major steps of the data cleaning process are as follows:

1. Create another table Airports2 as the clone of table Airports (schema and

records).

2. Delete all records in Airports.
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10.

11.

12.

4.7

. Wrap time zone data from Wikipedia , from here we can get pairs of [countryid,

TZname]|, for example [AD, Europe/Andorral.

. Put data from step 3 into a new table CountryTZ.

. Wrap time zone data from Tiscali website , from here we can get pairs of [TZname,

GMT], for example [Europe/Andorra, +1].

. Put data from step 5 into a new table TZGMT.

Join table CountryTZ and TZGMT by matching TZname column.

. Update gmt in Airports2 with gmt from the join table for all countries with single

time zone.

. Move (insert into Airports and delete from Airports2) all airports in single time

zone countries (which is now already in valid gmt) from Airports2 to Airports.
Now, table Airports2 only contains airports located in multi-time zone countries.

Check each airport in Airports2, if it has same absolute gmt value with one of

the gmt value in the join table in its country.

e If yes, then update its gmt with gmt from the join table and move it to table
Airports.
e If no, then we can’t assign time zone to this airport because we don’t know

in which time zone exactly the airport is located.

This step may be inaccurate because it only relies from the heuristic assuming

that most of the records have its minus and plus sign reversed.

In the end, we have table Airports containing records with valid gmt content field

and table Airports2 containing airports with unknown time zone.

Wrapping Airlines Website

4.7.1 Choosing the Airlines to be Wrapped

Some airline websites use text box to input the city/airport name, some others use select

box where user simply picks the city/airport name from a list. For those which use text

box, to find the routes offered by that airline we need to try to enter all possible pairs

of TATA codes that we have obtained from wrapping airports data.
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Even with 100 airports, then there are 9900 possible pairs that has to be tested, where
most of the pairs are not served by the airline. The fact is that there are more than
9000 airports all over the world (so there are more than 80 million pairs that need to
be tried), where some of them are used only for national, chartered, or private flights.
Hence, trying all possible pairs is not practical since the number of possible pairs is too

large.

Therefore, we choose to wrap only the airlines that use select box. Doing this is much
simpler since the options are limited. The airlines only give possibility to choose from
the airports which they served. Limiting our scope on website with select box, some use
JavaScript, some do not. With JavaScript, each change in departure airport selection
will change the list of possible destination airports. This is also desired since we do not
waste time on searching for two airports where no flights between them are served by
the airline. Figure 4.9 shows an example from an airline website that use select box with

JavaScript.

. A
FLIGHTS HOTELS HERTZ |

. A
FLIGHTS HOTELS HERTZ |

. A
FLIGHTS HOTELS HERTZ |

(5) Return () One Way (5) Return () One Way (5) Return () One Way
Barcelana {Girona) (GRO) London {Stansted) (STH) » Osla (Torp) (TRF) R
i i 5oing to {w i 5oing to {w

aing to
Aarhus (AAR)
Alghero (Sardinia) {AHO)
Alicante (ALC)
Almeria (LEI)
Altenburg {Leipzig) (A0C)
Ancona (AOI)
Angouléme (Cognac) (ANG)
Balaton {Hungary) {SOB)
Barcelona (Girona) (GRO)
Barcelona {Reus) (REU})
Bari (BRI}
Belfast {City) (BHD)
Bergerac (Dardogne) (EGC]
Berlin {Schonefeld) (SXF)
Beziers Cap d agde (BZR)
- Biarritz (BIQ)

Billund {BLL)
! Bologna {Forli) (FRL}
[ Bratislava {Wienna) {(BTS) %

Barcelona (Girona) (GRO)
Birmingham [BHX)
Bremen (BRE)

Dublin (DUB)

Frankfurt {Hahn) {HHM)
Glasgow {Prestwick) (PIK)
Liverponl (LPL)

Londaon {Stansted) {(STM)
Madrid (MAD)

Marseille Provence MPZ (MRS)
Milan {Bergamo) (BGY)
Pisa (Florence) (PSA)

Alghero (Sardinia) {AHO)
Altenburg {Leipzig) (AOC)
Basel (BsL)
Billund (BLL}
Birrningham [BHX)
Blackpool (BLK)
Baolagna {Forli) (FRL)
Bournemouth (BOH)
Bratislava {Vienna) {(BTS)
Bremen (BRE)
Bristal (BRS)
Brno (BRQ)
Brussels {Charlerai} {CRL)
Cagliari (Sardinia) (CAG)
- Doncaster{Sheffield) (DSA)
Dublin (DUB)
! Durham {Tees vall} (MME)
L Disseldorf {Weeze) (NRN) ¥ |

FIGURE 4.9: Choosing only airlines with select box and JavaScript

As in wrapping airports data, by using select box and JavaScript, we can maintain
a list of departure airport as first iterator, then browse through the list of possible
destinations as second iterator. The detail page is shown after the form is submitted
(deep web navigaton). All of these actions, such as mouse click and submitting form are

supported by Lixto VD.

4.7.2 Filtering Search Results

We are only interested in direct routes. By only having direct routes, we can freely mix

and match the routes and airlines. Some airlines show both direct routes and transit
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routes in their search results. For example, between Vienna and Berlin, the search
results from Air Berlin shows both direct flights and flights with transit at Dusseldorf
(Figure 4.10).

There are two options for eliminating this example of non-direct routes. We can use
complex XPath expression to choose only flights where the via column is empty. Another
option is eliminating it in the data cleaning and preprocessing step when we process the

XML output.

The data integrations may also pose a problem because an airport may have different
name on each airline. For Milan Bergamo (BGY) airport, Ryan Air name it as Milan
(Bergamo), Myair name it as Milano Orio al Serio, and Sky Europe name it as Milan
- Bergamo (BGY). Fortunately, almost all airlines embed the IATA code of the airport
in the value attribute of the select box element. Hence, we know exactly which airport

is mentioned by the airline although there are variations in airport names.

In Figure 4.11, the common data model for connections is shown. Figure 4.12 and 4.13
show the wrapping steps for Ryan Air and Air Berlin with their corresponding fragment

of XML output. The wrapping details is not described here.

Yienna >> Berlin - Tegel
from-to Flight no. Departure via  Arrival Fare ELR
OUTBOUND FLIGHT 4 Previous flights / Saver 1 Flex A
WIE-THL AR 5359 Sat 0507, 0505 0920 O 133- (O 343-
WIE-THL LB 8513 Sat05.07. 1650 DUS 20040 O 113.- O 343 -
WIE-THL LB ETSS Sat 05.07. 2125 2245 (O 13- O 343-
SIE-THL AB 5359 Sun 0807, 0303 0%20 O 13- O 343-

F1GURE 4.10: Air Berlin’s direct flight and flight with transits

=1-[8] connections
[e] from
[e] to
=-[8] schedule
[8] Flight_ni
(8] date
[e] departure
(8] arrival
=-[&] misc
(8] wia
(8] From_to

FIGURE 4.11: Lixto data model for connections
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Select A Flight
- Mon , 30 Jun 02  0&:40 Depart
HERTZ @ (A OBl R 0.00 GBP pight FRa192 0935 Artive
Returmn One Way Mon , 30 Jun 08 08:15 Depatt
|O @ l ‘ @ (o T T — 8.99 GBP piight Fra1a4 11115 Arrive
London {Stansted) (STH) Mon . 30 lun 08 15:50 Daepart
@ 5 : pa
[ Milan (orio al Seria) (BGT) ¥ @ RegularFare Adult 16.99 GBP  prohe Fra196 18145 Arrive
ilan {Crio al Serio v :
@ O Regular Fare adult 16,00 Gep Mem . 301un 0 18145 Depart
Depart Date Flight FR4133 21140 Artive

Jun 2008w

Return Date

Number of Passengers

Adults

o <rml version="1.0" encoding="UTF-3"2>
ildren

fudlr A6 poaed) SLEGE C

Infants <oonmections>

funder 2 pears) <from=alTl / from®s

. - - LLo=BGY Stk

<flight norFR4192</flight no>

<daterMon, 30 Jun 08</dater

<departure>06: 40< /departure>

<arrival»>089:35</arrivals
</zchedule>

<foonnectionsx

</document>

FIGURE 4.12: Wrapping Ryan Air
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Beijing PEK > > - > » » 3
Sl S S, A S O S S SRR SO SO S S S S S S
Result of the search for a flight from Cologne/Bonn to Agadir
From: Agadir To: Cologne/Bonn Booking »
Weekday*: Departure time < Flight no.* Dep. Arr. Wia
2 13 May 08 - 21 ©ct 08 AB 4235 16:45 00:50 MNuremberg
<zxml wersion="1.0" encoding="UTF-5"z7>
<documents>
<conmections»
<fronxFrom: Agadir To: Cologme/Bonn< /froms
<toxtabplan., php ?LANG=engsanp ; FMT=canp ;NACH=AGAcamnp  VON=CGN< /o=
<zchedule>
<flight no>dB 4235</flight no>
<departure>16:45< /departures
<arrival>00: 504 arrivals
<misck
<viarNuremberg vias
</umisce
</schedule>
</connections>
< /docunent>

F1GURE 4.13: Wrapping Air Berlin



Chapter 5

Scalable Algorithm

5.1 Complexity for Flight Search

A graph G = (V, E) is a finite set V' of nodes and a set E of edges, which are pairs
of nodes. Our flight database can be viewed as a directed graph, with airport as the
nodes and the pair of airports where exist direct flights between them as the edges.
Two airports can be connected by several flights (either from a single airline or several
airlines). Therefore, we may have several edges between two nodes in the graph. In this

case, our graph is called multigraph.

In our database design, we differentiate between table Connections which contains the
unique origin-destination airport pairs, and table Schedules which contains the schedule
details of each flight, such as departure and arrival time, departure and arrival day, day

of operations, and flight duration.

Figure 5.1 shows the relationship between the information inside the tables (viewed in
simplified version by omitting the field name) and the corresponding graph representa-
tion. In table Schedules, the rightmost column indicates the number of available flights
on a particular day for a particular route (to be noted, the numbers of available flights

on each day may be different).

5.1.1 Complexity for Direct Routes

For direct routes (no transit), the system simply browse the list of records in table
Connections. If it finds a matching record, then there exists direct flight from the origin
to destination. The search complexity is linear to the size (number of records) of table

Connections.

46
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AIRPORTS ACTIVE CONNECTIONS | | SCHEDULES
AIRPORTS

A A-B A—B | 10

A A-C A-C | 10
c B A-D A-D | 5
D C B-C B—C | 7
E D D-C D-C | 9
F E C-E C-E | 15

FIGURE 5.1: Graph representation of the flight database (table is represented in simple
format, not displaying the fields name)

5.1.2 Complexity for Transit Routes

For transit routes, assume that we have graph G = (V, E) where V = {A1, Aa, ..., Ai}
and the graph is in full-mesh topology, so that Vz € V.y € V, where x # y we have

(z,y) € E. We want to know how many route possibilities we have for going from A; to

A;.

For one-transit case, from A; we have (k — 1) edges to other nodes. However, we can’t
go directly to A;, since we would arrive at the destination without transiting (our goal
is to find one-transit routes). We can go to (k — 2) nodes, where from each we can go
to A;. Therefore, there are (k — 2) possible routes for one-transit case. For two-transit

case, with the same reasoning, there are (k — 2). (k — 3) possible routes from A; to A;.

The number of possible routes is different from the search complexity to find them.
In our database, we do not retain the list of nodes. What we retain in table Connections
is the ordered pairs of airports where there exists direct connection between them. The
transit routes can be found by using table joins. For finding one-transit routes, we join
two table Connections. Assuming the table size is r, then the join table would be of
size 2. For finding two-transit routes, we join three table Connections, so that the size
of the join table is 3. From the join table, we filter so that we retrieve only the records

with desired departure and destination airport.

We can conclude that for general graph, the search complexity for determining possible
routes is O(r*T!) where r is the size of table Connections and s is the number of transits.

In other words, it is O(r?) for one-transit route and O(r?) for two-transit route.
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The number of possible routes is a factor in the total complexity for flight search. The
other factor is the number of edges between two nodes. Figure 5.2 shows illustra-
tion for this problem. The p in the graph represents the number of edges between two

nodes.

FIGURE 5.2: Search complexity for one-transit and two-transit routes

For one-transit case in the left part of the figure, it is shown that there are p edges
between A and B, where p is the biggest number compared to other edges in the same
graph. Hence, there are at most p? combinations for route from A to C, through B. For
route from A to C, through D, the number of combinations may be smaller that p?, but
we can say that it is upper-bounded by p?. For two-transit case in the right part of the
figure, with the same reasoning, there are at most p> combinations from A to E for each
possible route (either A-B-C-E or A-D-C-E).

Therefore, we conclude that in general case, the search complexity for searching posssible
flight combinations for each possible route is O(p?) where p is the maximum number of
edges in any particular leg among all possible routes, and ¢ is the number of transits. It

is O(p?) for one-transit route and O(p®) for two-transit route.

Summarizing from the explanations above, the total flight search complexity is

O(n?) for one-transit and O(n3) for two-transit where n = p.r.

5.2 Route Determination

In flight search system of any scale, direct route is the simplest one to search, there is no
variation on finding their existence. Route determination is interesting to be discussed

for transit routes.

From the complexity side, the algorithm of finding transit routes is polynomial, hence
it is already tractable. However, what is desired mostly from a search engine is its
responsiveness. The system has to be able to give search results in a reasonable time

for human users. Performing exhaustive search by finding and evaluating all possible
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combinations is the best way to find the best routes, but the user may not be willing to

wait for the long search time.

We observe that not every possible routes give good search results. For example, a
possible one-transit route from Vienna to Frankfurt is through Singapore, a route which
would never be taken by anyone. So, we need an algorithm that can eliminate this kind
of route. The system doesn’t need to find all possible flight plan, but it has to be able
to return a part of the best routes (if not the best route itself) in the search results.

Below we discuss on some considerations in finding the heuristic for optimal search.

5.2.1 No Transit vs. One Transit vs. Two Transit

In this section we analyze whether we can optimize the search based on the number of
transits of the route. In the system, there are three criteria to sort the search results:
Time, Price, and Reliability. Users can also determined how many search results that

they desire.

If Time is the first criterion, then direct routes must be in the top ranks of the search
results. Undoubtedly, direct routes have shorter journey time compared to transit routes.
To illustrate, for short-time flights where flight duration is less than 3 hours, then having
transit already adds at least one hour to the total journey time. An optimization action
that can be performed is to stop the search when the number of available direct flights
already exceeds the number of search results desired by user. To search further for

transit routes is useless since the transit routes would never appear in the search results.

If the first criterion is Price or Reliability, then the number of transits doesn’t give hint
on how to perform optimization. With Price as the first criterion, there is a chance
where total price of transit routes is cheaper from the price of direct routes. For example,
two flights from low-cost airlines can have cheaper price than one direct flight by major
airlines. If Reliability is the first criterion, then several flights from reliable airlines
must have higher reliability index value compared to a direct flight with unreliable

airlines.

5.2.2 Transit Time Analysis

In this section, we take a look on the transit time factor in route determination. For
this purpose, we search for routes from London Stansted (STN) to Nuremberg (NUE)
on a particular date. There are several possible transits shown in Figure 5.3. Simply
observing the route map, Diisseldorf and Amsterdam, unlike Berlin and Munich, seems

to be good transits since it is located in the middle, between the origin and destination.
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FIGURE 5.3: Possible transits from London Stansted to Nuremberg, the number in the
brackets are the journey time without transit (only the total flight duration)

The question is, from the four possible transit airports shown in the figure, which one
is the best? There are some possible answers, depending on the criteria that we use to

evaluate each route. Table 5.1 shows the time details for each route.

TABLE 5.1: Transit time comparisons from London Stansted to Nuremberg, through
Diisseldorf (DUS), Amsterdam (AMS), Berlin (TXL), and Munich (MUC)

DUS AMS TXL MUC
STN - x 1h 15m | 1h 10m | 1h 40m | 1h 50m
Transit time 2h 25m | 3h 30m | 2h 35m | 4h 10m
x - NUE Oh 55m | 1h 15m | Oh 55m | Oh 45m
Total journey time 4h 35m | 5h 55m | 5h 10m | 6h 45m
Flight duration (without transit) | 2h 10m | 2h 25m | 2h 35m | 2h 35m

If we solely consider the flight duration time, then the order is Diisseldorf, Amsterdam,
Berlin, and Munich. But if we consider total journey time (flight duration + transit
time), then the decision really depends on the transit time in each airport. In another
case where the transit time in Berlin is 1 hour, but the transit time in Diisseldorf is 3

hours, then routes through Berlin are better options than Diisseldorf.

The above example try to show that transit time can not be estimated (unlike the
flight duration which can be estimated by creating a function of distance vs. time -
this function is used in the random schedule generator). We don’t know which transit
airport has the shortest transit time, except if we review all possible transit airports
(exhaustive search), but once again, this is infeasible in terms of processing time. The
best effort is by choosing some hubs, then check for total journey time for route through

those hubs. There is a chance that the real best route is missed due to misjudgement
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of hub airports. However, this is the trade-off that can not be avoided in exchange for

a scalable and responsive system.

5.3 Hub Identification Heuristics

An airport may be regarded as hub if it is used as a transfer point to get passengers
to their intended destination. Many hubs of the airlines are situated at airports in the
cities of the respective head offices. Some airlines use only a single hub, while some
others use multiple hubs. Figure 5.4 shows Transavia route map where Amsterdam is
the hub.

FIGURE 5.4: Transavia route map, with hub at Amsterdam

Since we support the idea of mixing airlines, then when we mention "hub”, the hub
can be the traditional airline hubs (such as Frankfurt, Dubai, and Amsterdam) or other
airports which have high-traffic (for a particular route) or served by many airlines.
In real-world, this new hub concept exists. A recent article from Travel Daily News
[29] discuss about the investment by Diisseldorf International Airport to build up its

infrastructure in anticipation of additional hub functions.

The hub identification heuristic idea is depicted in Figure 5.5. By using the heuristic, the
system no longer browse through each possible routes and search all possible combina-
tions from them. Instead, it chooses some good hubs then try to find flight combinations

from routes going through these good hubs.
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From: Berlin
To: Frankfurt

Input from user

@
Search for possible
routes in database

List of all possible
one-transit airports

Nuremberg
Vienna
Naples

Ibiza
Alicante
Luxor
Heraklion

Nuremberg Y
Search for Vienna Hub
routes through < London Heathrow [¢ Identification
these transits Naples
I~ .
Applying the

List of airports that
are considered as
good hub for this route

hub identification
heuristics to filter
the transit airports

FIGURE 5.5: Route search techniques by using hub

There are two possible outcomes for using this heuristic. First, if the heuristic misjudges
a hub which is actually a good hub, then we may miss the optimal search results. Second,
not every search results that we get can be claimed as the best route (such as the shortest-
journey-time route or the lowest-fare route) since we only search from a fraction of all

possible routes.

Therefore, it is interesting to find an approach for this hub identification heuristic. The
approach needs to behave dynamically and can adapt for various cases on various graph
model. The process of finding the good hubs needs to have short processing time since

this processing time also contributes to total processing time of the search process.

5.3.1 Approaches for Hub Identification

In this section we discuss about several approaches for identifying hub. To be noted, a

hub that is good for one route, may not be good for other routes.

First approach is to list the hubs based on current knowledge, for example by using the
traditional airline hubs. This approach has several weaknesses. It is not fully dynamic
because it needs some human maintenance for updating the list when there are changes
(perhaps airline bankruptcy or airport renovation). If the list is not regularly updated,
then it is possible that one time it is outdated and not relevant anymore. This approach
can be enhanced, for example by adding the information for each routes, which hub is
relevant for them. However listing all possible hub for all possible pairs of airport is a

very tedious and not efficient task.
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Second approach is to identify the hub dynamically, by counting the number of air-
ports reachable from that airport. The larger the number of reachable airports, then the
hub quality is better. However, this approach suffer from irrelevant hub problem. By
this approach, the hub ranking for any route is the same. For example, Dubai is a hub
airport of Emirates. It is reachable from many airports and can reach many airports.
Therefore, it is always on the top ranks of hub. But, for routes between two airports in

Furope, Dubai is not a good hub.

Third approach is also dynamic, that is by considering the number of available connec-
tions from the origin airport to transit airport and from the transit airport to destination
airport. The problem with this approach is that what method (addition or multiplica-
tion) do we use for saying transit A is better than transit B (Figure 5.6). Second problem
is which connections to be considered in this approach? Is it only the connections that
meet with user criteria (for example, departure between 8:00 and 10:00, transit time be-
tween 1-3 hours)? If we use this technique, then it it means that we need to evaluate all
possible routes, only to make the hub ranking. Hence, we don’t need the hub anymore
because the best route should already be able to be identified from the process of hub

identification.

i)
9
1)

3+2=5 5+1=6
3x2=6 5x1=5

FIGURE 5.6: Identifying hub by number of available connections

Fourth approach is by ranking the hub based on the minimum journey time (flight
duration + transit time). But this means that all possible hubs need to be evaluated
first before the ranking is performed. Then the best routes should already be found
before the hub is found.

Fifth approach is by dynamically consider the geographical position of the possible
hubs with respect to the origin and destination airport. From the latitude and longitude
of origin and destination airport, we can calculate the location of the middle point, then

create virtual circle with origin and destination airport as the diameter. The radius of
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the virtual circle is the distance between the middle point and the origin/destination

airport.

Airports that are located inside the virtual circle between origin and destination has
better ranks than the one outside. We can know whether an airport is located inside
the virtual circle or not by computing the distance from the middle point to the airport.
If the distance is less than the radius, then it is inside the circle. One problem for
this approach is that there exist some pairs of airport where no direct connection are
available, and all possible transit airports are located outside the virtual circle. This

idea is illustrated in Figure 5.7.
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FI1GURE 5.7: Identifying hub by using geographical coordinate, the left picture has
many transit airports in between, while the right has no transit airports in between

This approach is also prone for intercontinental routes. For this kind of routes, we will
have a virtual circle with a very large value of radius, and we need to consider enormous

number of airports which are located inside this virtual circle, as the hub.

Sixth approach is similar with fifth approach and it even covers the fifth approach by
solving the case where there are no possible transit airports in between. This approach
calculates the total distance from the origin to transit and transit to destination. From
simple physics law, we know that distance is directly proportional to time. Hence,
minimizing the total distance means also minimizing the flight duration (to be noted,
flight duration is the time which is spent for flying and doesn’t consist of transit time).

Therefore, this approach is optimal, in terms of minimizing flight duration.

5.3.2 Optimality of the Heuristic

Using the sixth approach (total distance approach), the distance between pairs of airport
can be pre-computed beforehand. The geographical coordinate of an airport will be

likely not changing (if never). Hence, we create another table, Distances that contains
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distance between each pair of airport. By putting index on the table, the retrieval of

the records in table Distances is faster.

Suppose that we are looking for routes from Berlin (TXL) to Frankfurt (FRA). Figure
5.8 shows the possible one-transit routes, sorted by their total journey distance. The
shortest route uses Nuremberg (NUE) as hub. The question is, how many possible routes
that the system need to consider to be included in the search?” We can put a hard limit
such as only include 10 shortest-distance routes in the search. The problem is, if the
best route is actually through hub that is on position 11 of the list, then we would miss

the best route.

In the following discussion we discuss the approach that we use, based on the transit
time input parameter from user. In our system, user can configure the minimum and
maximum transit time (Figure 5.9). We also show the optimality of our hub identification

heuristic.

origin transit destination distant_:e
From: Berl in ‘ - :::ratter(S) IZIU'lzratter(S) :::ratter(S) :::';22:2?46_
. /!
To: Frankfurt 2 M WIE FRA 132058043696
3 TR LHR FRA 176736304982
4 TR AP FRA 278600475128
Input from user 5 T KEP FRA 3173.2753640¢
6 TAL MaH FRA 3191,85323765
7T PMI FRA 3375.96463 160
8 M SUF FRA 3302.6109453C
9 TML CFU FRA 347190186097
10 TR KG FRA 355333624122
1™ 182 FRA 3657, 6605094E
12T CTA FRA 371601874575
13 ™ GPA FRA 396299851765
14 TR ALC FRA 3972.5549621%
15 T MIR FRA 4095, 34134155
Note:
- Distance is pre-computed (not computed at run time)
- Put index on column origin and destination to enhance
performance

FI1GURE 5.8: Identifying hub by total journey distance

To use this approach, first we need to determine the constant value of travelled distance
per hour (how many kilometers can be travelled in an hour). Assume that we take the
value of 1000, which means that in 1 hour the aeroplane can travel up to 1000 km.

Assume also that the user wants the transit time between 1 and 3 hours.

Referring back to Figure 5.8, the route through Nuremberg takes 634 km. If the transit
time in Nuremberg is 1 hour, then for sure this is the best route (having the minimum
total journey time) since we have shown that our heuristic approach guarantees minimum
flight duration. Let’s now consider if the transit time in Nuremberg is 3 hours (the

maximum transit time allowed by the user). In this case, for the same total journey time
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FIGURE 5.9: Start page of the system

as the one offered by Nuremberg, the aeroplane can travel for another 2 hours (equal to
2000 km, based on our constant value of 1000) through another hub X, provided that
the transit time in X is 1 hour. If the transit time in X is more than 1 hour, then route

from Nuremberg must have better total journey time performance.

How about the possible hubs with total distance larger than 2634 km? In this case,
these hubs would not give the best route in terms of total journey time since even when
the transit time at these hubs is 1 hour (minimum), the total journey time is already
exceeding the route offered through Nuremberg with 3 hours (maximum) transit time.
This approach answers the question on how many possible routes needs to be evaluated.
In this example, it means that we only need to consider routes with distance at most

2634 km, which means only the top three routes from Figure 5.8.

This approach may pose a problem if the maximum transit time parameter is configured
to have a big value (for example, 7 hours which equals 7000 km) or there are many
possible routes with close distance one to another. In these cases, the system becomes
not scalable due to many routes that needs to be checked. Therefore, we also put an
upper hard limit on number of possible routes to be checked. Eventhough we may miss
the real best route due to this upper limit, but the heuristic would find routes that are

close to the real best route.
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5.4 Searching from Close Airports

Figure 5.10 shows the flowchart of searching from close airports feature. If user choose
this feature then the system adds the list of close airports to the list of possible departure
point. The possible routes from all departure point are then presented to user (Figure
6.5). User can modify which routes to consider by selecting/unselecting the check box

which is provided to the left of each route.

Search for list of
Yes close airports an add
them as possible
departure points

Search from
close
airports?

\ 4

Present the list of possible routes to user,
with recommendation on which route to search
from hub identification heuristic

Search #1 | Search #2 | ................................................ Search #n

! ! !

Aggregation, evaluation, and ranking of search results

v

Present search results

END

FiGure 5.10: Flowchart for searching from close airports

The search process for each route is performed independently. The search results from
each route is then aggregated before presented based on the selection criteria that have

been choosed by user.
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5.5 FEvaluation Function

In this section, we describe the evaluation function for each sorting criteria that is provide

in the system.

e Time means the total journey time which is the sum of flight duration with transit

time (if any).
¢ Reliability is the average reliability of the airlines involved in the route.

e Price is the sum of product between distance with price index (computed for each
flight leg).

The detail page as in Figure 6.6 shows the details time, price, and reliability for each

flight leg.

5.6 Scalability

In this section we present the approaches that are implemented in the system to ensure

its scalability.

5.6.1 Limit The Search to Two Transit

We need to limit the search to two transit for two reasons. First, SQL is not a deductive
database system. It means that it can only search for routes from limited-specified
predetermined number of transits. Second, by limiting to two transit, we limit the
complexity to O(n3). We observe that in real world, two transit can already cover a

large part of all possible pair of airports.

5.6.2 Table Design

We split our tables that contain the routes information into two tables, Connections
and Schedules. Table Connections is simply used for knowing the existence of direct
routes and to find one-transit and two-transit routes. Table Schedules contains the
exact schedule of each flight, including airline ID, departure and arrival time, and day
of operations. By separating the tables, we avoid the extra processing time to process

DISTINCT query from table Schedules to retrieve possible connections.
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5.6.3 Limiting the Number of Possible Routes

This is done by using the hub identification heuristic which only considers several routes

through hubs that are expected to contain the best or close-to-the-best route.

5.6.4 Limiting the Number of Flight Combinations
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Reliability
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°© O Airline 1
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FIGURE 5.11: Limiting the airlines included in the search by putting bounds on price
and reliability index
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In our complexity discussion previously, the second factor that affects total complexity
is the number of edges between two airports. The more number of edges, then the more
combinations that need to be checked. There are two techniques that we use to limit

the number of combinations.

First, we limit the number of airlines considered in a route (Figure 5.11) by putting
lower and upper bound of price and reliability index. We can ignore flights from airlines
that do not match the price and reliability criteria posed by the user. For example, user
that wants to only search from low-cost carriers can configure to only search for airlines
with price index less than 5. Only airlines meeting the constraint are included in the

route search. In this way, the number of combinations can be reduced.

Second, we put bounds on minimum and maximum transit time for connecting flights.
We provide configuration option both for one-transit case and two-transit case. Figure
5.12 shows the idea. The system does not consider all flights during that day, but only

flights within the transit time range. Hence, the number of combinations is also reduced.



Chapter 6

Experimental Results

6.1 Random Schedule Generator

In chapter 4 we have discussed about wrapping airlines where we collect the information
on departure airport, destination airport, departure time, and arrival time. We wrap

ten airline websites to get the data for the knowledge base of the generator.

From this data, we can calculate the distance between the two airports (by using geocod-
ing functions) and the flight duration (by using the GMT time zone offset value at each
airport). Hence, if we plot the distance and flight duration in 2-dimensional plane, we

can obtain the function of time versus distance as shown in Figure 6.1 and 6.2.

We use least squares method to measure the equation function. By observing the points
in the plane, the most appropriate least squares method to be implemented is the linear
method. By having the time as function of distance, then we can measure the flight

duration, given the departure and destination airport.

We use this information to create a random schedule generator which functions to gen-
erate arbitrary schedule for our virtual airlines so that we can test the system with
a lot of airlines. The generator is build by using Java technology, with the following

configurations:

Maximum flights per day is limited to 5.

The earliest departure time for the first flight is 6 AM.

The latest departure time for the first flight is 10 PM.

In case where there are more than 1 flight per day, per airline, the departure time

is distributed evenly, for example 2 hours between each flight.
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e Since we are using mathematical function, then the result is exact. For the same
pair of departure-destination airport, the flight duration is always the same. In
real-world, for same route, different airlines may have different flight duration.
Therefore, we add some random time interval offset to the function so that there

exisst variation of flight durations between different airlines.

e Each day has 75% chance that the flight operates on that day. In a week, the flight

has to operate on at least one day.

1,200.00
*
1,000.00
g 800.00 5 - S 0“ . L 3
= y=0.0569x + 48.909 $o 2
£ 600.00 - K : »* 3
é B LR X3 *
o Rahd
£
F  400.00 - .
* -
*
200.00 - “g .
0.00 1 ; ; ; ; ; ;
0.00 2,000.00 4,000.00 6,000.00 8,000.00 10,000.00 12,000.00 14,000.00
Distance (km)

FIGURE 6.1: Least squares function for distance less than 12,000 km
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FIGURE 6.2: Least squares function for distance greater than 12,000 km

Once we have created this generator, then we can create various graph model (e.g. hub
and spoke, full mesh, partial mesh, etc) for testing the system. We can also, for example,
wrap the direct routes from other airlines (without wrapping their departure and arrival

time) then use this data as input to the generator to generate random schedule.
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6.2 Search Parameter

6.2.1 Common Search Parameter

Common search parameter contains the fields that needs to be inputted by user as the
basic requirements to start the search. These parameters are:

e Departure airport.

e Destination airport.

e Departure day.

From: To: Transits /stops:

London Stansted [(STH) L Lisbon (LIS) e o 1 2
Departure day:

Monday v

Departure time: Return at most: Sort results by:

02:00 % [ to| 14:00 % S0 results F.eliability % || Price W || Time V

Close airport:

Search also from close airports in radius [100 krm from the origin airport

Search Flights

FIGURE 6.3: Common search parameters

There are also some additional parameters, which is optional whether to be configured
or not by the user. If it is not configured, then default values are used. Figure 6.3 shows

the user interface for common search parameters.

e Range of departure time.
To consider only flights departing between the specified hours. Default value is
from 8:00 to 14:00.

e Number of maximum results to be returned.

Default value is 50 results.

e Type of routes to be searched (0 or 1 or 2 transit).

Default value is 0 and 1 transit.

e Criteria for sorting the results.

Default value is Time, Price, and Reliability.
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ADVANCED SEARCH:

Transit time configuration

@ Use single transit time configuration

Min: 1 hours |0 minutes
Max: 2 haours |0 rninutes
) Use separate transit time configuration
Between 1st and 2nd leg Between 2nd and 3rd leg
Min: 1 hours |0 minutes Min: 1 hours |0 minutes
Max: z hours |0 minutes Max: H hours |0 minutes

Airdine choices

I:‘ Relizbility: <nly consider airlines with reliability index between |1 % |and |10 ¥

O price: only consider airlines with price index betwean |1 (% | and | 10 ¥

FIGURE 6.4: Advanced search parameters

6.2.2 Advanced Search Parameter

Advanced search parameters are the parameters that can be configured for fine-tuning

the search. Figure 6.4 shows them. There are several parameters:

e Single transit time configuration.
This transit time configuration are used only for routes with transit. By using
single transit time configuration, the same transit time constraint is used for transit

between first and second leg and for transit between second and third leg.

e Separate transit time configuration.
By using separate transit time configuration, then transit time constraint between
first and second leg and between second and third leg is different. For example, if
the user arrives at first transit at night (for example, 11 PM), and wants that the
next flight to be in the morning, then he can configure the minimum transit time
between first and second leg to be 7 hours (so that the next departure is at least 6
AM on the next day). Between second and third leg, he can configure the transit

time to be between 1 and 2 hours.

e Airline choices.
By configuring this parameter, user can choose, for example to only consider flights
from low-cost airlines (by limiting the price index value, for example between 1
and 5). They can also try to search from low-cost and reliable airlines (by limiting

both price and reliability index).
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6.3 Performing the Search

In this section, we show the steps for doing the search for routes from London Stansted to
Lisbon. The start page of the search is already shown at Figure 6.3 and 6.4. Summarizing

the parameters:

Departure day: Monday.

Departure time: between 8:00 and 14:00.

Search for 0, 1, and 2 transit routes.

The results are sorted based on Reliability, Price, and Time.

Search also for routes from other airports which is within 100 kilometers distance

from London Stansted.

We post the search, and get the list of possible routes as shown in Figure 6.5. In the
leftmost of each route, there is a checkbox where user can choose whether to include the

route in the search or not.

This checkbox is also useful if user wants to avoid certain transit airports or has some
preference on the routes. Since we mention to search also from close airports, then
the figure also shows routes from London Heathrow, Gatwick, City, and Luton in the
options. The link to display the route map is also shown. By clicking on the link, user

can view the route map.

The last page shown in Figure 6.6, contains the search results, sorted by user criteria.
Since our first criterion is Reliability, then in the results, flights from reliable airlines
dominate the top rank. If the first criterion is Time, then direct flights would be in top
ranks. If the first criterion is Price, then direct flights from low-cost airlines would be

in top ranks.
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/ Direct flights

LGW - London Gatwick
MAD - Madrid
LIS - Lisbon

From:

LHR - LIS

LTH - LIS

LGw - LIS

Routes with one transit
Route Total distance
LGW - MAD - LIS 2,031,14 km .—’
LHR - MAD - LIS 2,065, 26 km Map
LCY - MAD - LIS 2,072,826 km Map
LTH - MAD - LIS 2,114.69 krm Map
LHR - CDG - LIS 2,116.50 km Map
LTH - CDG - LIS 2,151,81 km Map
Law - GWA - LIS 2,987.08 km Map
LHR - GWVA - LIS 2,630,111 km Map
LTH - GWA - LIS 2,662,54 km Map
Routes with two transit

Route Total distance
STM - SDR - MAD - LIS 2,144, 76 km ‘ >
LawW - TLS - MAD - LIS 2,230,386 km Map
LHR - CDG - MAD - LIS 2,255.94 km Map
STH - OVD - MAD - LIS 2,282,068 km Map
LTH - CDG - MAD - LIS 2,291.26 km Map
LHR - MAN - LGW - LIS 2,381.33 km Map
LGW - MAN - LHR - LIS 2,405.09 krn Map

Transit 1:

Transit 2:

5TH - London Stansted
5DF - Santander

MAD - Madrid

LIS - Lisbon

FIGURE 6.5: List of possible routes from London Stansted to Lisbon

Searching for direct routes Route
Searching for direct routes
Searching for direct routes

LEw - LIS
Searching routes for LaW-MAD-LIS
Searching routes for LHR-MAD-LIS
Searching routes for LEY-MAD-LIS
Searching routes for LTH-MAD-LIS
Searching routes for LHR-CDE-LIS
Searching routes for LTH-CDG-LIS
Searching routes for LAW-&VA-LLS LaEWw - Gwa - LIS
Searching routes for LHR-GWA-LIS
Searching routes for LTH-GWA-LIS

LTH - LIS

Searching routes for STH-SDR-MAD-LIS
Searching routes for LEW-TLS-MAD-LIS
Searching routes for LHR-CDG-MAD-LIS
Searching routes for STN-OWD-MAD-LIS
Searching routes for LTH-CDG-MAD-LIS
Searching routes for LHR-MAN-LGW-LIS
Searching routes for LaW-MAN-LHR-LIS

L3 - GuA - LIS

LEw - LIS

Depart  Armrive

Monday STH - OWD 11:45 14:50
Wait in OVD

Monday VD - MAD 16:z0 17:40
Wait in MAD

Monday MAD - LIS 19:03 12:30
STN - O¥D - MAD - LIS 11:45 19:30

STH - OVD - MAD - LIS

ETM - OVD - MAD - LIS

STH - OVD - MAD - LIS

Duration
Zh 0Sm
1h 30m
i1h 20m
1h 25m
1h 25m
7h 45m

Airdine
Airline 41

Airline 41

Airline 41

Arrive

Reliability
z

Duration

2h 25m

Price
4

Reliability Price

Distance
1211.11

443,21

622,74
2283.006

F190.71

F4e9.22

10345,31

14410.65

14113221

14432,00

F190.71

Total Price
4544, 44

1796.84

J604.66
12245.96

/

FIGURE 6.6: Search results for flights from London Stansted to Lisbon, sorted by
Reliability, Price, and Time
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Conclusions

7.1 Summary

Figure 7.1 shows the relation of the topics discussed in this thesis. The goal of the thesis
is to present the mashup model of a scalable flight search system that addresses the

weaknesses of the flight meta-search engine.

Problems with flight meta-search englne

Can not find transit Does not support Single evaluation setting
routes from low-cost airlines mixing airlines (low cost, short time)

— — _ l

[ Solution: wrapping direct routes ]

[ Solution: multiple evaluation criteria ]

Complexity: [ Time ] [ Price H Reliability]
O(n) for direct routes
0O(n?) for one-transit
O(n®) for two-transit Solution:
/ \ Limit the number of airlines
considered in the search

Number of flights

Data cleaning
Number of
on particular leg

Web data
extraction
possible routes

I oo
Limit the number of

Solution: connecting flight
Hub identification heuristic

\ Transit time
v configuration

Optimal in terms of Scalable
short flight duration system

Search from
close airports

Google
Maps API

FIGURE 7.1: Summary diagram of the thesis
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We start from the problems of flight meta-search engine. The first two weaknesses:
incapability of finding transit routes from low-cost airlines and incapability of finding
routes by mixing airlines, can be solved by wrapping direct routes from the airline
websites by using web data extraction technology from Lixto. In the explanation, we
have shown some examples of wrapping by using Lixto Visual Developer. We also show
the data cleaning effort to ensure that the data which are populated to database are in
correct format and do not contain unnecessary annotations. The third weakness: single
evaluation setting, is solved by employing three evaluation criteria for evaluating and
ranking the search results. Hence, each user can customize the search to fit with his/her

criteria and finding the best routes of their own version.

By having direct routes, the flight search problem can be regarded as graph search
problem with airports as the nodes and direct flight connection between two airports as
the edges. Since we know all the direct routes, then given the departure and destination
airport, we can find all route possibilities: direct, one-transit, and two-transit. For
transit routes, we independently search the flights for each leg so that the first two
weaknesses are addressed. The respected complexity for finding each route is shown
in the diagram. The variable n in the diagram is composed by two other factor: the

number of possible routes and the number of flights on particular leg.

To reduce the number of possible routes, we introduce hub identification heuristic which
able to give indication on which routes should be traversed to check the flight combina-
tion for that route. This heuristic works dynamically so that it may give different hub
recommendations for each pair of departure and destination airport. It is also able to
set its own limit on how many routes to search by analyzing the possibility of whether

the route has possibility of containing the best routes.

By using this heuristic, we avoid exhaustive search for all possible flight combination
from all possible routes. Hence, this heuristic realizes our goal of system scalability. The
heuristic is created by using geocoding approach (total journey distance approach). In
the explanation, we have shown that the heuristic is optimal in terms of flight duration,
so that it always finds the routes with the shortest flight duration. For the total journey
time, in case of high availability of possible routes and number of flights to reach a
destination, this heuristic may miss the route with shortest total journey time (flight
duration added with transit time). However it would still find routes that are close to

the route with shortest total journey time.

To reduce the number of flights on particular leg, we limit the number of airlines con-
sidered in the search by providing user the advanced input parameter, for example to
choose only for flights from low-cost and reliable airlines. Airlines that don’t meet the

criteria for price index and reliability index are not considered in the search. The transit
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time configuration where user can input the range of minimum and maximum transit
time also limits the number of possible connecting flights. Hence, by providing cus-
tomized search to user, the system can narrow the search by putting user constraint in
the search process. If user doesn’t put any constraint on the price and reliability, the

system is still scalable since hub identification heuristic is always used in any case.

7.2 Future Works

This section will give idea on several possible future works that can be done for continuing

the contribution that has been achieved from this thesis.

7.2.1 Validate the Interesting Route Output

Figure 7.2, shows another system, Data Retriever that functions to validate the interest-
ing route output from our Flight Search System. Hence, what user gets as search results

is valid schedules, complete with availability, and real-time price.

Airlines schedule

Flight Search | interesting routes

Airports data
System

» User

User input parameter
P paamee

[m————— ===

1
e e oo » Data Retriever !
Interesting routes I_ _ _ _ _ _ _______ 1

Verified price, schedule,
and availability

FIGURE 7.2: Future work for the system

7.2.2 Extend the Close Airport Feature

In this thesis, we only provide the feature of searching from close airport from the initial
point of departure (left part of Figure 7.3). The right part of Figure 7.3 shows the
possible extension. If A and B are the good hubs from the output of hub identification
heuristic, then we also search for routes through other airport that are close to A and
B. The destination itself can be several airports. Simply observing, the complexity may
blow up by applying this feature. However, in real-world implementation this feature

may be desired.
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Possible

Possible

. airports

Possible

transit

departure Possible
airports departure destination
airports airports

FIGURE 7.3: Extending the close airport feature, (the left picture is the one used in
this thesis, the right picture is the possible extension)

We give the real-world example as follows. Currently there is no direct flight from
Lisbon to Rome Ciampino. However, there are many direct flights from Lisbon to Rome
Fiumicino. In our current system, the system will find all the possible routes from Lisbon
to Rome Ciampino, but will never suggest the route from Lisbon to Rome Fiumicino.
By applying this new feature, then the route to Rome Fiumicino would be suggested
and user can decide whether the alternative routes pay-off the switching of destination

airport.

Another example that involves transit route is as follows. Suppose someone wants to
fly from Vienna to Singapore. This person is a budget traveler, and was having good
experience with Easy Jet so that he decides to use Easy Jet again. Easy Jet has only
one destination for flights departing from Vienna, that is London-Luton. Speaking
for intercontinental flights, London Heathrow has more options compared to London
Luton. Therefore, considering connecting flights from London Heathrow would be a

useful feature.

7.2.3 Cost to Switch Between Airports

In relation with the close airport feature, until now we always omit the effort that is
needed to switch between airports. There are several possible resource from where to
get the cost. First, geocoding functions can be used to obtain the distance between the
airports, then employing a function of cost versus distance. Second, to get the cost from
Google Maps (Figure 7.4) from which we can put the start and end address, and get the

journey time (by using car).
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From:  Landstraler Hauptstralle ]
1030 Yienna, Austria Edit
[=] Drive: 8.1 km
1. Head southeast on LandstraBer Hauptstr. 0.9 km
toward Apostelg.
2. Turn right at B221/LandstraBer Hauptstr. 0.2 km
3. Tumn left at Rennweg 0.5 krn
4. Continue on Simmeringer Hauptstr. 5.5 km
5. Continue on B10/Wiener Str. 1.0 km
e Ta: Schwechat ]
Austria Edit

FIGURE 7.4: Measuring the journey time by using car with Google Map
7.2.4 Extend the Travel Domain

Travel domain is composed from many sub domains, flight is one example of sub domain.
Hence, there is possiblity to extend our flight search system with other applications in
hotel /hostel sub domain or train sub domain so that the dynamic packaging concept

can be realized.

For these sub domains, the challenge will be on aggregating the results and identifying
the same records. In flights domain, each airport has an unique 3-letter TATA code
so that we always know exactly which airport we are dealing with. However, in train
stations/stops and hotel /hostel, there are no such identifier. Therefore, the concept of

record linkage may need to be implemented here.
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Wrapping Airports Data

This Appendix contain details on wrapping airports data from World Airport Codes

website.

A.1 Navigation Sequence

=@ rt
= * Ackion Sequence
|| [1] hetpe v world-airport-codes. comy
= E‘;‘ [#] Data Extractor
518 jatalist [PCistartz] > N Airport details ordered by airport codes
. ELELBLELFLELRHEMIERICLFIREGEPLERIEL IO LR LRLFLE
" Filker =
=I-[i Page Class start2
= * Ackion Sequence
5 Oes
W [1] Data Extractor L ——, —— Country World Area
=& airportslist [PCistart3] —_— i Fral French Polynesia PF 823
. asp iy Breabuy Australia AU a0z
_ F Filter aac 4y i Arizh Intérnational Rirgort Eorpt £ o1
=I-[0g] Page Class start3 a0 i) Bd-Dabbah Sudan s se3
2K Action Sequence ane ) et Algeria oz so0
a anr i Furicipal United States us &
=) 4" [1] Data Extractor anG & Frapot] Brazil R 316
=-[€ sirports aat o Rachen/marbruck Germany oe 2
W Filker
#-[e] iata
- Airport Code s AR Longitude § 1450 30° 0" W (7)
® oGP
name Airport Name § Anaa (7) Latitude 117°25'0°5 (7)
- [8] dity Runway Longth 4521 £ () World Area tode +623(7)
*-[&] country Runway Elevatian | 7 ft. (7} GMT Offset L4100 ()
=+ 8] countrycode
El ¥ City + Anaa (7) Telephone + Unknown (add)
(8] longitude Gy French Palynesia (7) = Unknown {add)
(8] latitude Country Abbrev.  PF (%) Email ¢ Unknown fadd)
(el gmt Airport Guide + Unavailable Website + Unknown (add)

F1GURE A.1: Navigation sequence in Lixto VD

In the wrapper, we build three page class. Each page class corresponds to a page
structure in the website. Below, we describe what is done by each action sequence in
Figure A.1:

e Pageclass start
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1 URL action, instructing the browser to go to website of WAC.

2 Data extractor, containing a pattern named ”iatalist”. For each element in

"iatalist”, the wrapper continues to pageclass start2 (Figure A.2).

0% outline &2

=[] Page Class start
= Action Sequence
| [11http:/ v, world-airport-codes. com/
= 57 [2] Data Extractar
=&} jatalist [PCistartz]
SF Filker
= Page Class start2
= 1 Ackion Sequen
= 5 [1]Datphitractar
H portslist [PCiskart3]

= properties 5 [21 Problemy/L Report | S Hetwork | ™ Browser Console | @ Cookies

Pattern iatalist

Link Call page class for each instance

General
Page dass
Output
@ Followin: | startz

Follow in:
o #Path

Pags dlass

F1GURE A.2: Calling pageclass start2 from ”iatalist”

EE Qutline &2

=0 Page Class start
=% Action Sequence
LI [1]htkp: v, world-airport-codes. com/
= ..r' [2] Data Extractor
=i iakalist [PCistart2]
W Filker
= Page Class startz
= i Ackion Sequence
& [ [1] Daks Extract

Filker
= Page Class start3
= i Action Seque)

El properties 32 [ Problems | Eilm€hort | g Metwork | M Browser Consols | @ Cookies
Pattern airportslist

Link Call pags class for sach instance

General
Page class
Cutput

@ Followin: |start3

Fall §
OFolawin XPath

Page class

FicUure A.3: Calling pageclass start3 from ”airportslist”

e Pageclass start2

in "airportslist”, the wrapper continues to pageclass start3 (Figure A.3).

1 Data extractor, containing a pattern named ”airportslist”. For each element
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e Pageclass start3

1 Data extractor, containing a pattern named ”airports” (using Lixto data

model). Inside this pattern, there exist the other sub-patterns.

A.2 General XPath Expression

The XPath expression of any element in the HTML page can be obtained by creating a

pattern, then choose the element using the filter. Figure A.4 shows how it is done.

Airport details ordered by airport name
Fle-C-D-E-F-G-H-T-1-K-L-M-N-0O-P-Q-R-5-T-U-%-W-%-Y-7

Airport details ordered by city name
(3 welcome to world Airport Codes

= Properties 52 [21 Problems | EL] Report | % Ketwork | ™ ERwger Console | @ Cookies =
Filter

Selection Selected nods: | i1 boch 1) {1 ie{2cv[B)L1] »

Content Node attributes: | pyame Walue

Range href alphabeticalfairport-nam. ..

Output Method: [ypath 3

FIGURE A.4: Getting XPath expression of an element

In the ”iatalist” and ”airportslist” patterns, we use XPath filtering to recognize the

elements. Figure A.5 and A.6 illustrates how to build the general XPath expression.

By observing the figure, we get the general XPath expression for ”iatalist” is:
/html [1]/body[1]1/div[1]/div[2]/div[7]/a.

For ”airportslist”, the general XPath expression is:
.../tbody[1]/tr/td[3]/al1].

Airport details ordered by airport codes
EIELELELELFLELRLELFLELELRLNLELFFELELEIFLCLFLFLELFLE

l /htmi[1]/body[1]/div[1]/div[2]/div[7]/a[26] \
] /htmi[1]/body[1]/div[1]/div[2]/div[7]/a[2] \
] /htmi[1]/body[1]/div[1]/div[2]/div[7]/a[1] \

FIGURE A.5: XPath for elements of ”iatalist”
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"E‘L"‘f:"t Airport name Country Name ﬁ?,:::;’_ UL et
ABA i Fnsal French Folynesia FF 823
AAB i :rr;ury Australia Al 802
RAC y Bl Arish International Airport Egypt EG 501
ABD i) pd-Dabbah sudan SD 583
ABE dy [es salines algeria Dz 500
AAF i Municipal United States us 67
ARG i) prapoti Brazil BR 316
AAH y Bachen/Merzbruck Germany CE 623
A 4
.. ./tbody[1]/tr[2]/td[3]/a[1]
| - -/tbody[1]/tr[3]/td[31/a[1] |

FIGURE A.6: XPath for elements of ”airportslist”

A.3 Configuring XPath for Iterators

Finally, the general XPath can be put in the ”Content” tab of the ”iatalist” filter as

shown in Figure A.7.

Filter

» th Method o}
Selection b

Content Oceurance bypet  (3)Single (O Multiple
Range

Path: |
output |Exack ~|

#Path: htmi{1]ibody] 1 1div[1)fdiv[2)div[7]fa

FI1GURE A.7: Putting general XPath expression for ”iatalist”
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