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Abstract
The aim of this project is to develop a component able to retrieve taxi providers
in Sweden, based on input of coordinates and a search radius. The result should
be available in a well-structured and accessible way through an RESTful web
service. The study is conducted based on a customer inquiry stating that the
component should be built using open-source tools and be developed in such a
way that facilitate the integration of the component, or parts of the component,
in a larger system at a later stage. Therefore, a preliminary study was conducted
in order to find suitable open-source tools that are able to solve the specific cus-
tomer requirements. The component uses an ad hoc company search engine to
retrieve the taxi providers, contact information and coordinates. Additional in-
formation needed for determining the correctness of the taxi providers are re-
trieved from external resources and a filtering process is then performed before
they are saved in persistent store. The project is successful in solving the main
purpose and most of the customer requirements, while the RESTful service is
unable too fully meet the requirement stating that the component should be able
to handle multiple concurrent clients while still maintain responsiveness. This,
is  mainly due to the  decision not to use an ad hoc framework in  handling
geospatial data structures and calculations and was a trade-off to ensure re-us-
ability and integration of the component in a larger system.

Keywords: Java EE, LBS, REST, JSON, Open-source, Selenium WebDriver,
Arquillian, jMeter
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Abstrakt
Avsikten med denna studie är att bygga en komponent som kan returnera taxi-
företag i Sverige baserat på koordinater och en sökradie. Resultatet skall pre-
senteras för användare eller andra tjänster på ett välstrukturerat och tillgängligt
sätt via en RESTbaserat webbtjänst. Projektet är ett resultat av en kundförfrågan
i vilken det även specificeras att komponenten skall använda sig av data eller
verktyg som är fritt tillgängliga och att den skall vara byggd på ett sådant sätt
att det går att använda hela, eller delar av, komponenten i ett större system. En
kortare förstudie genomfördes med syfte att hitta lämpliga verktyg som bygger
på öppen källkod för att lösa de specifika krav kunden ställt på komponenten.
Komponenten använder sig av en sökmotor för företag-sök där resultaten görs
tillgängliga  via  ett  RESTbaserat  API.  Varje  företag  genomgår  sedan  en  fil-
treringsprocess innan de sparas i databas för att avgöra om det uppfyller de kri-
terier som är uppsatta. Denna filtrering baseras på information som inhämtats
genom en automatiserad process. Denna studie har varit framgångsrik i avseen-
det att bygga en komponent som kan returnera företag inom ett visst område
baserat på koordinater och en given sökradie. Den uppfyller även de allra flesta
av de krav kunden har satt upp, med undantag för det krav som efterfrågar en
responsiv hantering av många samtidiga användare. Detta beror främst på valet
att inte använda sig av ett ramverk avsett för hantering av geospatial data. Detta
var en avvägning som gjordes för att försäkra sig om att komponenten skulle
vara återanvändbar i ett större system.

Keywords: Java EE, LBS, REST, JSON, öppen källkod, Selenium WebDriver,
Arquillian, jMeter
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Notation

Acronyms/Abbreviations

EE Enterprise Edition

LBS Location-Based Service

API Application Programming Interface 

GUI Graphical User Interface 

JCP Java Community Process

CoC Convention over Configuration 

POJO Plain Old Java Object

EJB Enterprise Java Bean

HTTP Hypertext Transfer Protocol

JSF JavaServer Faces

JSP JavaServer Pages

JSR Java Specification Request

JPA Java Persistence API

JMS Java Message Service

JAX-RS Java API for RESTful Web Services

JSON JavaScript Object Notation

WGS84 World Geodetic System (from 1984)

GPS Global Positioning System

OGC Open Geospatial Consortium

XML Extensible Markup Language

GML Geography Markup Language

KML Keyhole Markup Language

WKT Well-Known Text

WKB Well-Known Binary

SRS Spatial Reference System

SRID Spatial Reference Identifier

OR Object-Relational

JTS Java Topology Suite
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NNS Nearest Neighbor Search 

TDD Test-Driven Development

IDE Integrated Development Environment

MVC Model-View-Controller

POM Project Object Model

EAR Enterprise Archive 

URL Uniform Resource Locator

DOM Document Object Model

CSS Cascading Style Sheets

JNDI Java Naming and Directory Interface

GIS Geographical Information System

GiST Generalized Search Tree

SQL Structured Query 

SCB Central Bureau of Statistics 
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NUTS Nomenclature of territorial units for statistics
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1 Introduction
1.1 Background and problem motivation

This project is the result of a customer inquiry, on behalf of a startup company,
with the purpose of gathering information about the taxi service sector in Swe-
den. Another goal is to find open-source tools or frameworks which can be used
to build a simple prototype in Java Enterprise Edition (EE) capable of handling
geographical data. Based on the specific requirements presented in the next sec-
tion the conclusion can be drawn that the project results may form the basis for
a location-based taxi service application.

Prior to the deregulation of the Swedish taxi service sector, in the 1990's, there
was a ceiling limiting the number of active taxi services allowed in a certain re-
gion. The removal of this limit led to an increase in the number taxi services per
capita [1]. The increase was not evenly spread, though, and the largest increase
was  seen  in  the  major  cities.  In  Stockholm,  the  capitol  of  Sweden and the
largest city by population, has seen an increase of over 70 percent since the
deregulation [2]. One factor could be the increased cost associated with owning
and using a car in the major cities in Sweden due to  parking fees and tolls. This
could be one reason that people are choosing to use public transport and  taxi
services in greater extent.  Another factor could be  the increased cost of getting
a  drivers  license,  which  in  conjunction  with  higher  unemployment  among
youths, has led to fewer people are able to get their license. In Stockholm, only
40 percent in the age group 18-24, have their drivers license, but this is not re-
stricted to the major cities alone and the overall decrease was 15 percent be-
tween 1980-2011 [3].

The taxi service sector is a dynamic sector in terms of the variations in active
service providers. This could be attributed to the fact that the sector is com-
prised mainly of companies with only one employee. The number of taxi vehi-
cles has seen an increase from 14 558 to 16 605 between 1996 and 2015, while
at the same time the number of active providers with a permit has decreased
from 8 103 to 6743 indicating a trend that moves towards fewer and larger taxi
providers [2]. One of the challenges will be to gather up-to-date information on
the active taxi providers and the geographical data which can be used to group
the providers to certain regions.

Location based services (LBS) is an umbrella term for a number of different
fields and technologies for providing contextual information based on location.
It is an industry under constant growth seeing an annual increase of approxi-
mately 30  percent  and  generating  150-270 billion  dollars,  according  to  this
study [4]. There are several challenges when developing these services includ-
ing both gathering and presenting relevant and correct information in an acces-
sible way but also the handling of geographical data in an efficient way. The lat-
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er could have serious impact on the responsiveness of the service depending on
which tools or frameworks are used. 

An already established company providing similar services in this segment is
Uber. The company has developed an application with the purpose of mediating
taxi-  and carpool  services  with the press  of a  button and handling payment
transactions, while at the same time taking out a fee [5]. Customer also have the
ability to follow their assigned taxicab in-real time. The company has grown
immensely in short time and is valued an estimate of 69 billion dollars [6] and
is currently providing the service in 516 cities worldwide according to their
website [7]. In Sweden, the service is currently only available in the two largest
cities, Stockholm and Gothenburg.

The company has, as of late, been getting complaints from the taxi service sec-
tor for not using the taximeter and for not complying to the national rules and
regulations set out by sector [2], but perhaps mainly for the car-pool service,
UberPop, which is considered to encourage illicit employment in the sector, and
as a consequence has led to a ban of the company’s service in several countries
[9]. 

In Sweden, an investigation has been launched by the minister of infrastructure
to oversee the rules currently in place and to address the concerns raised by the
taxi service sector [8], and depending on the outcome it could provide an entry
point for competing services when the rules are  finally established.

1.2 Overall aim

The main purpose of the project is the development of a location-based business
component capable of retrieving taxi providers in the proximity. The component
should be able to return the correct providers based on geographical coordinates
and a search radius and make the result available via a public Representational
State Transfer (REST) Application Programming Interface (API).

In the first initial meeting the customer presented a more detailed description of
the requirements which the component should be able to handle.

Requirements for the component:

• Based  on  input  given,  the  component,  should  be  able  to  list  taxi
providers within a specified radius through a RESTful web service, in a
well-structured and accessible way. The API should be simple, intuitive
and well documented.

• The results should be limited to taxi providers that operate in Sweden
and they should contain contact information.

• The component should be able to retrieve additional metadata about the
taxi providers that could be used to determine their correctness.
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• The component  should be developed as  an independent  and reusable
unit. The tools used should be open-source and any other external re-
sources should be freely available.

• The  service  should  have  a  base  supply  of  pre-fetched,  correct  taxi
providers in cache to enhance responsiveness and it should be able to
handle multiple concurrent users while still maintaining high availability
of the service.

Requirements for the customer Graphical User Interface (GUI).

• The GUI should be simple, intuitive and able to test the basic function-
ality.

• There should be an option to manually add taxi providers to areas, as a
means to enhance responsiveness of the service.

The project will set out two additional goals:

1. In order to meet the requirements set out by the customer, a preliminary
study will be conducted to find suitable open-source tools capable of
performing the tasks. The component will also be built by closely fol-
lowing the  Java  EE reference  specifications  to  make it  reusable  and
readily incorporated in a bigger system.

2. The project will use some aspects of agile development methodology.
The features of the components will be developed in short sprints, where
a small demonstration will be held at the end of each cycle. The cus-
tomer will be able to closely follow the progress and test the functionali-
ty on a simple prototype. The customer will also be able to give feed-
back and any suggested improvements could be propagated swiftly into
an implementation.

1.3 Scope

The project will be limited to the use of open-source tools or frameworks. It
will not be possible, due to limited time, to find and compare the best tools
available for the task, rather the project will focus on finding suitable tools that
are capable of fulfilling the requirements given.

The project will be built using the Java EE reference specifications to ensure
compatibility and re-usability of the component and therefore, likely, will be
facing some tradeoffs regarding specialized tools or APIs that presumably are
better suited to perform certain tasks, but depart from these.

No login-procedure will be required for the customer GUI and no security mea-
surements will be applied to either the REST-based web service or customer
GUI.
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1.4 Concrete and verifiable goals

An analysis of the following areas will be evaluated at the end of the project:

• Is the service working as intended? Is it returning taxi providers within a
specified radius based on the parameters given? Is the client able to re-
ceive the result in an accessible and well-structured way via a RESTful
web service?

• Is the component built using open-source tools, and are they well suited
for the task? Is it built in such a way as to simplify re-usability and in-
corporation of the service in a bigger system.

• Are the customer requirements met? Has the customer been able to get
an insight in how the work has been progressing and has the customer
been able to influence the direction of the project through feedback?

1.5 Outline

Chapter 2 will provide a brief introduction to some of the different concepts
used in the project. Chapter 3 will begin to first describe the methodology for
the preliminary study, the gathering of information on the various tools, the se-
lection process and the criteria that is used. It will then go on to describe the de-
velopment methodology of the core features of the component and lastly, how
customer contact is upheld during the development process. Chapter 4 will give
a brief overview of the implementation of each of the core features of the com-
ponent. In cases where a more detailed description is necessary for the under-
standing or for reproducibility, this will be given. Chapter 5 will present the re-
sults obtained during the preliminary study and during the implementation of
the core service as well  as any results  obtained during response-tests  of the
RESTful web service. Chapter 6 will discuss the results obtained in the project.
It will address the overall functionality and limitations of the core component in
respect to the main objective of the study, as well as, evaluate the results based
on how well the customer requirements are met. Chapter 7 will present the most
important conclusions drawn from the project and future work. Lastly, in chap-
ter 8, the references will be outlined.

1.6 Estimated timeline

• Week 1: During the first week, an early meeting is planned in which the
customer may raise the specific objectives that the service should be
able to handle. The rest of the week will be spent setting up the develop-
ment environment, project structure and version control.

• Week 2-4: In the three subsequent weeks, a preliminary study will be
conducted to find suitable tools that can be used to solve the tasks set by
the customer. The time will also be used to go over the documentation
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of the different tools, and creating smaller implementations to test the
functionality.

• Week 5-7: During this time the component will be built using the tools
selected in the previous phase. The individual sub-components/services
will be built in sequence to ensure independence, isolated unit tests and
re-usability.

• Week 8-10: The final three weeks are spent working functional and inte-
gration tests in parallel with the project report and the oral presentation.

1.7 Contributions

The author is the sole contributor in this study.
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2 Theory
This chapter will primarily provide a brief overview  of  Java EE and the most
prominent APIs used in this project and to function as an  introduction as to
how geographical data is handled in software development and the challenges
this entails. Information on the different tools selected during the preliminary
study is moved to the implementation chapter.

2.1 Java EE and JCP overview

Java EE is both a programming platform and a collection of APIs for building
modular, scalable and multi-tier applications in the Java language [10]. 

The development and direction of Java EE is managed by a community-driven
process,  Java  Community Process  (JCP),  which  is  responsible  for  defining,
maintaining and adding new features to Java EE by providing specifications
called Java Specification Requests (JSR) [11]. The primary focus of these speci-
fications is to provide a standardized and simplified way to build enterprise ap-
plications and to abstract out error prone and difficult tasks (i.e.) security, trans-
actions, database access, messaging and concurrency to ramp-up developer pro-
ductivity in these areas.

2.2 Convention over configuration

To enhance productivity and reduce boilerplate code, Java EE relies heavily on
a concept referred to as  convention over configuration  or CoC [12]. It means
that sensible defaults are applied to provide a standardized behavior for compo-
nents and services. In Java EE, much of this is accomplished through the use of
annotations on regular java classes, or plain old java objects (POJOs) [13]. 

2.3 Logical separation of concerns

The modularity of java EE is based on the logical separation of the different re-
sponsibilities within the application and the specialized components that oper-
ate on the different tiers in the application. The logical separation is often divid-
ed into three tiers [10]:

• Data access tier: Java Entities are the building block of the data access
tier. They are Java classes that are designed to represent persistent data
in  the  database  by providing  object-relational  mappings  between  the
database and the application and between other entities. Each Java Enti-
ty object represents a row in the database and each field in the class rep-
resents a column. From the developer standpoint this means that data-
base tables can be accessed and manipulated through java objects [10].
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• Business tier: Java Enterprise Beans (EJBs) are the building blocks of
the business tier and are java classes that operate by providing business
logic and services between the model and presentation tier in a transac-
tional environment. They are either session beans, representing different
client state, or message driven beans that are session beans that are capa-
ble of listening to application wide messaging [10].

• Presentation tier: The presentation tier is largely centered around Java
Servlet technology which provide classes the capability to work with
Hypertext Transfer Protocol (HTTP) encoded data in a request-response
specific manner, and the interface frameworks (i.e.) Java Server Faces
(JSF) or Java Server Pages (JSP), that provide a GUI [10].  

2.4 Java EE containers

One of the strengths of Java EE, by providing a standardized way of building
components, is that they all behave in a predictable way. As they all conform to
their given contracts, the instantiation and life-cycle can be managed by the
run-time, or container. It also means that components can be proxied and dis-
tributed throughout the application, which provides decoupling and scalability.
The container provides a run-time and handles the interactions between compo-
nents as well as state, transaction, pooling and security. Web components (i.e.)
Servlets, JSF and web-listeners are handled by the web-container and EJBs are
handled by the EJB-container [10]. 

2.5 Project specific JSRs

Some of the java specifications used in the project are given a short introduc-
tion below:

• Java Persistence API (JPA) 2.1, JSR 338: The API specifies object-re-
lational mappings and metadata, which works in conjunction with enti-
ties and a query language to provide means to persist data in relational
databases [14].

• Java Message Service (JMS) 2.0,  JSR 343:  The API specifies both
Point-to-Point and a Producer-Consumer pattern of either synchronous
or asynchronous message handling in java EE applications. The system
uses pre-configured connection factories and destinations on the server
to send and receive messages [15]. 

• Java API for RESTful Web Services (JAX-RS) 2.0,  JSR 339:  The
API provide clients or software an ability to access and manipulate data
through HTTP methods. It achieves this by providing a path to the re-
sources and HTTP methods to access them. The run-time can handle pa-
rameters on different forms and are capable of handling various input-
and  output  media-types  as  well  as  additional  metadata  about  the  re-
source returned through the wrapper class Response. In Java EE 7, there
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is  also  the ability to  handle  the requests  asynchronously through the
AsyncResponse interface [16]. 

• Java API for JSON Processing (JSON-P) 1.0, JSR 353: The API pro-
vide  a  means  to  process  JavaScript  Object  Notation  (JSON),  either
through an object- or streaming model. It provides easy and convenient
ways to both parse and generate JSON.  [17].

• Java Server Faces (JSF) 2.2, JSR 344: JSF is a component-based and
event-driven web framework for generating user interfaces. [18].

2.6 Geographical data in software

Locations on Earth are most commonly described using latitude and longitude,
where latitude measures the angular distance in the north-south direction while
longitude measures the angular  distance in the east-west direction [19].  The
Parallels and Meridians are lines connecting points that lie on the same latitude
or longitude, and together, they form a grid or graticule, which can be seen in
the Figure 1 below.

Figure 1: Displaying Parallels, Meridians and the graticule. From Wikipedia.

When trying to accurately translate real locations on Earth, which is roughly
spherical, to a two-dimensional plane, like a map or Cartesian coordinate sys-
tem, there are basically two problems:

1. There will be distortions in the map associated with the translation. A
typical  example  can  be  seen  in  the  Mercator  projection  in  Figure  2
where the areas closer to be poles will appear larger. The reason for this
is that the distance between longitudinal lines decrease closer two the
poles, while in the projection, they are stretched out to  give the map a
more  rectangular  shape.  Different  techniques  render  different  distor-
tions, some better suited for certain purposes or regions, which can ac-
count for the numerous projections available [20]. 

2. The Earths surface is  not  flat,  the topology ranges  from sea-level  to
mountains ranges and the Earth is also subject to rotational-, gravitation-
al and plate tectonic forces that constantly change the shape and surface.
Therefore, a reference sphere or geodetic datum is used to simplify cal-
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culations. The global World Geodetic System created in 1984 (WGS84)
is the most famous and is used in the Global Position System (GPS)
[21].

Figure  2:  The  Mercator  projection.
From Wikipedia.

2.7 Defining a standard 

Developing software that handles geographical data face other difficulties as
well. Different software and programming languages made the exchange of ge-
ographical data between different systems very cumbersome and the industry
argued for a standard that could address the problem and provide interoperabili-
ty and data exchange between the different platforms, languages and software.
The Open Geospatial  Consortium (OGC) is  the organization responsible  for
overseeing this task [22].

2.8 Simple Features

The standard describe locations, buildings, rivers and other geographical ob-
jects through the Simple Feature Access. It describes the means to store geo-
graphical data and metadata of two-dimensional features like point, lines and
polygons seen in Figure 3 on the next page, through various formats such as
text, binary numbers or through extensible markup language (XML):

• XML: Geography Markup Language (GML) [23] and Keyhole Markup
Language (KML) [24]

• Text strings: Well Known Text (WKT) [25]

• Binary: Well Known Binary (WKB) [25]
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Figure 3: Vector-based two-
dimensional features. From
Wikipedia.

These formats include information about the type of spatial reference system
(SRS) that is used, specified by the Spatial Reference System Identifier (SRID),
which enables the different systems to interpret and translate the data [25].

2.9 Geospatial tools

Today there are several software implementations, ranging from ad hoc systems
to databases and APIs, capable of handling geospatial data and some of them
are listed below:

• databases [26]:

• Object-relational (OR) databases: PostgreSQL (with PostGIS),
Oracle DB, MySQL

• NoSQL: Cassandra, CouchDB, MongoDB

• Ad hoc geospatial software systems: GeoServer [27], ArcGIS [28]

• APIs in java: Java Topology Suite (JTS) [29], GeoTools [30], Hibernate
spatial [31]

2.10 Database indexing and querying

How data is stored and indexed in the database have implications on the time it
takes to retrieve the same data. It is not uncommon to store normal, one dimen-
sional data, using some form of B-tree [32] indexing, where B stands for binary,
and searches are performed using binary search. But, this is often not sufficient-
ly effective when dealing with two-dimensional  data  such as coordinates  or
polygons.  Therefore,  geospatial  databases often use an R-tree [33] indexing,
where R stands for rectangle.  The R-tree indexing places data that are in close
proximity  in  the  same  rectangle  using  the  Minimum  Bounding  Rectangle
(MBR) [34] which can be seen in the Figure 4 below, and often results in faster
retrieval of data.
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Figure  4:  R-tree  indexing  and  MBR  for  geospatial  data.
From Wikipedia.

They often also come with a set of predefined functions to perform algorithms 
more efficiently. It could be Nearest Neighbour Searches (NNS) or the k-NNS 
where all the locations within a range is selected, and distance calculation [35]. 
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3 Methodology
3.1 Pre-study methodology

One of the goals of the project was to find open-source tools to solve some of
the requirements set by the customer. This was accomplished by means of a
preliminary study containing the steps depicted in Figure 5:

1. First, there was an information gathering phase, by means of search en-
gine, forums and articles to form an opinion of the tools, that potentially,
could met the criteria and have the functionality required to carry out the
task.

2. Secondly, a simple implementation of the tool was done to test the func-
tionality and the ability to integrate the tool in the component.

3. The last step was to evaluate the tool based on its ability to perform the
task. In case a tool was considered to solve the problem sufficiently, no
further effort was made to find a better one.

Implementation 
phase

Evaluation
phase

Information 
gathering phase

Figure 5: Phases of preliminary study.

3.2 Development Methodology

In the project, some aspects of agile development methods will be applied. The
project will be built incrementally through short development cycles and close
customer contact. The idea is to give the customer the opportunity to test func-
tionality and provide feedback that can form the basis for change.

The project will not apply strict test-driven development (TDD). This is due to
the fact that some implementation will need to be made during the preliminary

12



Development of a location-based taxi service – using open-source tools
Lars Maechel 2016-10-12

study to test the different tools and it will not be feasible to write tests before
there is a knowledge of any functionality it might have. The tests will also focus
in a higher degree on integration tests rather than unit tests.

3.3 Customer Contact

The customer will  play a  major  role  in  the development  of  the component.
There will  be a  meeting  initially to  determine the  requirements  of  the  final
product and there will also be a meeting at the end of each cycle in which the
customer will be able to review functionality that have been implemented in the
previous cycle. The customer will be able to provide feedback and each meeting
will conclude in a discussion where the customer and developer, in consulta-
tion, agree on which direction the project should take.

13



Development of a location-based taxi service – using open-source tools
Lars Maechel 2016-10-12

4 Implementation
4.1 Development environment

All development was conducted on a machine hosting Windows 10 Pro (x64),
with an Intel Core i5 processor, clock speed of 3.30GHZ, 16GB RAM and the
Integrated Development Environment (IDE) of choice was eclipse Neon.

The project uses Apache Maven. It is used both as a means to automate the
project structure process, as can be seen in Figure 6, and partly because it con-
veniently handles the dependencies  that the project  depends on.  The project
uses maven-modules  to  separate  the different  layers  from each other  and to
manage module dependency. This is done to create a Model-View-Controller
(MVC) [36]  structural  architectural  pattern.  It  uses  a  master  Project  Object
Model (POM) configuration file for handling the common dependency manage-
ment and to control in which order the components are assembled. An Enter-
prise Archive (EAR) file is used as the executable deployable assembly unit.

Figure 6: Maven folder structure and logical multi-tier architecture.

Payara Server, a community-driven fork of GlassFish Server 4.1, is used as run-
time environment. As GlassFish is the reference implementation of Java EE it is
an assurance that it complies with the standards and specifications developed by
the JCP.

The project uses PostgreSQL 9.4 for management of persistent data. It is an
open-source object-relational database that are able to manage geospatial data
types by extensions.

The project uses Git for version control and Bitbucket as host for the repository.
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4.2 Division of responsibility
The component was divided into a plurality of sub-components/services based 
on the defined responsibilities. This was done partly to be able to test the sub-
components independently, but also to make them interchangeable in case a bet-
ter solution arose. Six areas of responsibilities were recognized, not including 
the repository service:

• Eniro Service: The task of this service is to supply the component with
taxi providers, as well as contact information and location data.

• Metadata Service: The responsibility of this component is to find nec-
essary information about a company which can be used to determine
whether a company has the correct attributes based on certain criteria,
and apply a method to selectively filter companies that are in the wrong
service sector or miss contact information.

• Region service: A service or method that handles the geographic / spa-
tial queries.  It is also responsible for the grouping of data in the data-
base making it possible to retrieve companies in an efficient manner.

• Test Service: A suitable testing framework with the ability to perform
integration tests in an environment that closely resembles the actual dur-
ing run-time.

• Customer GUI service: A simple customer GUI to give the customer
the ability to test functionality and to manually insert companies to the
database.

• RESTful web service: Provides the result in a platform- and language
agnostic way and in a well structured manner.

The RESTful web service is the service that handles input parameters from both
customer and clients. The service then retrieves either pre-fetched companies
via a repository service from the database or, if the query return without result,
companies are retrieved directly from Eniro, while at the same time triggering a
background  process  to  gather  additional  metadata  for  the  companies.  The
metadata is then used in a filtering process to filter out company not in the taxi
business sector. The Region Service is used to group companies, with coordin-
ates in close proximity, together in the database to speed up database queries
based on coordinates. A schematic overview of the services can be seen in Fig-
ure 7 on the next page.
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Figure 7: Displaying core services and their responsibilities

In the subsequent sections in this chapter, the different components will be giv-
en a brief description. Not all parts will be given equal amount of attention,
rather the description will be focused on the interesting parts and those that re-
late to customer requirements. The sections will describe the tools that have
been chosen for the task, but the reasons behind the choice will be discussed in
chapter 6.

4.3 Company retrieval Service

4.3.1 Responsibility of service

The main responsibility of the service is to handle queries directed at the Eniro
API and to parse the result returned, from JSON to model objects, that can be
used by the other parts of the application.

4.3.2 Tool or Method 

The service uses Eniro API to retrieve the taxi providers. Eniro API is a public
REST-based API for local company search in the Nordic countries. By creating
an account, you have access to 10 000 searches per month. Searches can be rel-
evance- or location-based. It is also possible to customize the search further, de-
pending on the type of search referred [37].
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There are 4 parameters that are mandatory and are required regardless of search
type:

• profile: the account holder's username

• key: the account holder’s key

• version: the current API version

• country: the country in which the search relates.

The other parameters are optional and depends on the type of search provided:

• search_word: the business sector concerned.

• geo_area: refers to a specific area or region.

• from_list and to_list: the start and end index form a ranged result-set that
can be used to paginate the results.

• latitude and longitude: together, they form a geographic coordinate from
which  the  search  originate.  They  are  used  solely  in  location-based
searches.

• max_distance: the radius within which companies should be returned.

An  example  of  how  a  typical  proximity  search  Uniform Resource  Locator
(URL) that is used with Eniro API might look like is shown in Figure 8.

Figure 8: Typical URL used for querying Eniro API

The result is returned in JSON format. The result include the total number of
companies found in the specified area, as well as other company information
such  as  name  and  corporate  identity  number,  address,  coordinates  and  any
phone numbers or links.

4.3.3 Implementation of service

The schematic overview in Figure 9 displays the overall responsibility of the
service. The service should, on input of search-specific parameters, build a cor-
rect URL that complies to the Eniro API documentation for that particular type
of query. The URL is then used to connect to the Eniro API RESTful service to
retrieve the result. The next step will be to parse the JSON formatted result and
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use that information to create the model objects used as persistent data and re-
turn the result as a list.

Figure 9: The actions performed by the Eniro Service.

Since most of the parameters used in both proximity and basic searches are the
same, the common methods were gathered in an interface, Query. 

The common mandatory search fields were kept in an abstract class implement-
ing the Query interface and containing an abstract method to build a query spe-
cific URL. The derived classes used the query specific search parameters to
build  the  URL.  A javax.ws.rs.core.URIBuilder  was  used  when  building  the
URL to ensure that the parameters were HTML-escaped properly.

The interface Search holds a single method. It takes a Query and returns a list of
companies. The connection to Eniro API is performed with a java.net.URLCon-
nection using the URL built in the previous step, and the result is returned as
JSON.

Java EE provides an API to parse JSON (JSR 353) which is used to iterate over
the JSON structure and fetch the information stored as key-value pairs. The in-
formation is then used to create the model object to be used as persistent data in
the database.

The following entities where used to model the data from Eniro:

• Company: contain company metadata and coordinates.

• Address: company street, postal code, and post area.

18



Development of a location-based taxi service – using open-source tools
Lars Maechel 2016-10-12

• Phonenumber: company phone numbers

• CompanyLinks: links to Eniro or company-specific web sites.

The entity relationships can be seen in Figure 10 below.

Figure 10: The entities used to model data from Eniro.

4.4 Metadata Service

4.4.1 Responsibility of service

The responsibility  of  the  Metadata  Service  is  to  find  additional  information
about the companies retrieved from Eniro API. The additional information is
used, to more accurately, determine whether a company belongs in the correct
business sector. Therefore, some criteria must be used and a filtering process
must be performed, to remove the companies that fail to meet the criteria.

The service should, preferably, perform the work in the background and be able
to schedule its work at times when it is least likely to interfere with the rest of
the service. This is due to the fact that retrieving the data and performing the fil-
tering process will  be time- and resource consuming and thereby, likely,  de-
creasing overall responsiveness.

4.4.2 Tool or Method 

The service uses Selenium WebDriver 2.0 to automate the retrieval of metadata 
for the companies. It is part of Selenium, an open-source framework,  used for 
testing web applications. It is an API written in java but has support for other 
languages as well. It is used to test the functionality of web application by using
operations normally performed by a user when interacting with a website (e.g.),
various types of navigation, entering text in text fields, pressing buttons, select-
ing elements in a list, etc. It also has the ability to trigger JavaScript code and 
add simulated pauses to more accurately mimic normal behavior [38].

This is accomplished by Selenium WebDriver by using the user’s own built in 
browser and a specialized driver that translate high level method calls present in
the WebDriver API, to low level calls used by the native browser, which allows 
the developer to gain a lot of control over the native browser. A schematic over-
view can be seen in Figure 11 on the next page.
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Figure 11: A shematic overview of Selenium WebDriver functionality.

There are different drivers to translate calls for different browsers, such as Fire-
foxDriver, ChromeDriver, IEDriver. There is also a browser that operate differ-
ently from the others, HtmlUnitDriver, which is a headless driver, which makes
it faster and consume fewer resources than the others. It is also better suited in a
Java EE application because it may not be possible or permissible to open up a
browser window, depending on the where the application is deployed [38].

The two primary abstractions are the WebDriver interface, which is used to per-
form all browser operations, and the WebElement interface, through which all
the HTML elements on the web page is manipulated.

There are different ways to find the elements that are available on a web page.
You can search for a specific element by entering its ID, name, class or at-
tribute, either by Document Object Model (DOM), XPath or Cascading Style
Sheet CSS.

FirePath, a Firefox plugin, is a tool to locate the elements found on a website. 
By right-clicking on an element and select the Inspect in FirePath option, the 
tool will display the correct path in the correct format. This path can then be 
used by WebDriver to select and return the element as a WebElement. Figure 12
shows how the tool is used to locate the XPath to a text search field on a web 
page.
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Figure 12: Element path selection by FirePath

The  website  chosen  as  an  external  resource  for  metadata  retrieval  was
www.proff.se, a company metadata site.

A dependency, org.openga.selenium, is required to use the WebDriver API.

4.4.3 Retrieval of metadata

The schematic overview in Figure 13 displays the overall responsibility of the
Metadata Service. The service should be able to execute retrieval of metadata
on a schedule, or manually triggered by the customer GUI. The metadata is
used in a filtering process to determine that only correct companies are persist-
ed in the database. The metadata and filtering process should be performed us-
ing asynchronous background processes. The resulting list of filtered companies
are sent to persistent store.

The WebDriver instance used in the metadata retrieval is the headless HtmlU-
nitDriver. The WebDriver navigates to www.proff.se and enters the company
organizational number in the text field and submits the form. Upon submission,
a new window is opened, displaying additional metadata for the company in
tabular form.

In case the company is a one-person business, with an organizational number on
the format 123456-XXXX, the search is performed by company name, in which
the submission result in a navigation to another page sometimes containing sev-
eral companies with similar names. The correct company is then selected by it-
erating over the list and comparing the first 6 numbers to determine the correct
one. Next to the companies are links used to navigate to the page containing the
metadata.

The next page shows an overview page with graphics and tables for contact in-
formation, financial statements, company information, executive positions and
the company business sectors.
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The information relevant to the application is found in the company information
table. It lists information regarding which sectors the company operates in, the 
legal name, whether or not the company pays corporate taxes. The correct table 
is located via XPath and the information is retrieved by WebDriver. 

Figure 13: The actions performed by the MetadataService

4.4.4 Filtering process 

The information is used in a filtering process to filter out companies not match-
ing the criteria. The following criteria were used to decide whether to retain a 
company or not:

• The company has an organizational number, which can be used to re-
trieve additional metadata and establish a correct business sector.

• The company has  some kind of  contact-information.  Companies  that
have neither a phone number, homepage- or Facebook page are filtered
out as they have no means of contact, only an address or post box are
not considered sufficient.

• The company’s primary business sector is taxi service, and this can be
either a taxi company or a company that conduct business support ser-
vices in the taxi service sector, often a telephone exchange company.

4.4.5 Decoupled asynchronous service

To decouple the process from the rest of the component services, a Java Mes-
sage Service (JMS) system was implemented. It is a service provided by Java 
EE to enable application wide and decoupled messaging. It can be implemented
as a Subject-Observer based system with a centralized message queue. The 
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queue system must be configured in the server prior to use, to enable the Java 
Naming and Directory Interface (JNDI) lookup facilities in the application.

Messages are created and sent to the queue by MessageProducers and retrieved
from the queue by MessageConsumers. The messages sit on the queue until re-
trieved and MessageProducers and MessageConsumers are completely decou-
pled. The MessageConsumer in this project is implemented as a MessageDriven
bean implementing the MessageListener interface. The interface has a method,
onMessage, which is used to handle incoming messages, and it is here the mes-
sages containing the filtered companies is received and they are subsequently
persisted in database.

The service uses a ManagedExceutorService to manage the threads, and a Com-
pletableFuture to chain the methods to be used asynchronously, together. In that
way, the service can be used as a fire-and-forget process executed in a separate
thread,  rather  than  usingan  implementation  that  could  potentially  block.  A
source-code sample of this can be seen below:

public void findMetadataAndPersistAsync(List<Company> companies) {

    CompletableFuture.supplyAsync(() ->
        metadataService.findMetadataFor(companies), managedExecutor)

        .thenAcceptAsync(filtered -> sendMessage(filtered), managedExecutor);
}

4.4.6 Scheduled TimerService

The final step was to create a class that could trigger the retrieval of metadata 
and insertion of companies in the database according to a predetermined sched-
ule. Java EE provides such a service, called the TimerService, to manage pro-
cesses that are to be executed regularly or at a specified schedule.

By adding the @Schedule annotation to a method, the method is marked for ex-
ecution at the specified date or interval:

@Schedule(minute="*/3", hour="*")

public void executeOnSchedule() {
 // perform scheduled task
}

In the project, all scheduled methods were tied to a single class, Application-
TimerService. The project uses the class in two ways:

1. At a predefined schedule, it uses the Eniro Service in conjunction with 
the Metadata Service to fetch companies and metadata for the compa-
nies and persist the filtered companies in database. This is performed to 
ensure that the application has a basic supply of companies already in 
database to enhance responsiveness, return more correct data and to 
avoid triggering the process to often while running the service in real 
conditions. 

23



Development of a location-based taxi service – using open-source tools
Lars Maechel 2016-10-12

During the project, all the taxi providers from the Eniro API, as well as their 
metadata were retrieved and saved to file as JSON. This was a precautionary 
action to use the data as backup in case the Eniro API for some reason was to 
stop functioning or cease to exist. This data was used in the following way:

2. Filtered companies were retrieved from file, parsed to model objects and
persisted in database. 25 companies were retrieved every 30s to simulate
the time-consuming process of retrieving metadata and conducting the 
filtering process. The approximately 3000 companies that remained after
the filtering process were then used to test the responsiveness of the taxi
service especially targeting areas containing the most companies.

4.5 Region Service

4.5.1 Responsibility of service

There are a number of specialized frameworks, APIs and servers that are well 
equipped for dealing with geospatial data in which some of these were dis-
cussed in the theory chapter. PostgreSQL, can handle geospatial datatypes and 
calculations by using the PostGIS extension. Unfortunately, JPA, the Java EE 
reference specification for object-relational database mapping do not, to the ex-
tent of my knowledge, support the geospatial data types most commonly used. 
The ensure re-usability and the portability of the component to a bigger system. 
To speed up database queries, a regional service will be developed to be able to 
group companies by region in the database. 

At one hand, it is used by the repository service when assigning a region to each
company, based on its coordinates. This is done so that the region can used in 
the WHERE clause in database queries to group companies of the same region 
together and thereby enhancing the speed of database queries.

On the other hand, it is used to determine the regions used by clients in their
searches. The coordinates passed to the taxi service is passed on to the Region
Service to determine all regions affected by the search radius.

4.5.2 Tool or Method 

The service will use kml- and shapefiles commonly used in Geographical Infor-
mation System (GIS) software for the extraction of coordinates that will be used
to build the custom regions, and it will be using the haversine formula in dis-
tance calculations to determine which companies are within a given range of a 
search [39].

Three approaches will be tested:

1. The first will be using the regional service, grouping the companies by
region and using the region in the WHERE clause in spatial queries to-
gether with a Generalized Search Tree (GIST) index on the region.
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2. The second will be using an PostgreSQL specific geospatial extension
called  earthdistance  [40]  and  its  functions  in  order  to  perform  the
searches. 

3. The service will  only consist of a native Structured Query Language
(SQL) query using a GIST index on latitude and longitude.

The database is also configured to use ANALYZE and VACCUM at every 10th
data row insertion to gather statistics about the data in order for the query plan
to be optimized and to reclaim unused space [42]. 

The actions performed by the Region Service can be seen below in Figure 14.

Figure 14: The actions performed by the RegionService

4.5.3 Company geographic data

The company geographic data available is the coordinates and the different lev-
els of address information (e.g.) street, postal code and post area.

4.5.4 Grouping of companies in database

The company coordinates consist of two decimal numbers with 4 to 6 decimal
places.  They are not  as  well  suited for  database grouping as a discrete  unit
would have been.

The zip code and street addresses are not very good either, as they are relatively
numerous. Zip codes have another disadvantage; they are assigned based on ad-
ministrative decisions, such as mailing districts or one-way streets, rather than
geographical areas [43]. So they are more likely to change.

25



Development of a location-based taxi service – using open-source tools
Lars Maechel 2016-10-12

Cities are a better alternative as the are relatively few (approx. 2000) [44] and
are less likely to change. The Swedish Central Bureau of Statistics (SCB) is the
government body keeping most of the records regarding population [45]. They
also have records of the city areas [46]. This can be used to approximate a city
area by placing a coordinate in the center and calculate a radius for a circle or a
polygon. This could be done for the 100 largest cities, as they likely are the ar-
eas with the highest number of companies and thereby takes the longest time to
group and sort by distance in the database. The company post area can refer
both to a city and a city district so all companies inside a large city area will be
grouped to the same city, not by their city district. But if a search is done out-
side one of the larger cities, there would still need to be a way to narrow down
the search to avoid having to query the database using a linear search.

There are also several administrative divisions in Sweden [47] (e.g.) regions,
counties, municipalities, that would be suitable as a coarser grained selection
when determining the origin of a search. It would most likely speed up the data-
base queries if a search could be narrowed down to companies in a county, or
even better, a municipality region.

4.5.5 Administrative regions

Since it is likely that the bulk load of searches will be done from areas where
most people live, it is also important to make a division of regions based on
population. In the European union (EU), this kind of division has already been
made.  They are  based  on important  socio-economic  regions  within  the  EU.
These divisions are called NUTS regions, after the French 'Nomenclature des
Unités Statistiques Territoriales, and has three division levels. NUTS-1, NUTS-
2 and NUTS-3. Sweden has 3 NUTS-1 regions, 8 NUTS-2 regions. NUTS-3 re-
gions are the same division as the Swedish county regions. In Figure 15, the
Swedish NUTS-1 regions are depicted as the colored regions, and the 8 NUTS-
2 regions inside [48].

Figure 15: The use of Region classes to determine the origin of a search.

To be able to determine if a coordinate belongs to either of these regions there
have to be a way to define their boundaries. The coordinates used to make up
the different regions were found on web sites containing kml- and shapefiles
[49]. Smaller formatting adjustments were made so that the coordinates could
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be extracted more easily and saved to file. On startup of the application, these
coordinates were read and used to create the region objects.

The Region class consist of a map-like structure holding the name and the coor-
dinates for a specific region. Every Region also has a reference to their parent,
neighbor and child regions to allow for more efficient spatial searches, which
can be seen in Figure 16. It makes it possible to, not only find the specific re-
gion  a  coordinate  belongs  to,  but  also which  regions  are  affected  given the
search radius.

Figure 16: The Region class hierarchy and dependencies.

The Region Service is also used to determine which taxi providers to retrieve
from the database , based on the input parameters given by the client,. When the
service receives a coordinate and search radius, it first determine  the correct
municipality region. It then creates a polygon with an area determined by the
search radius. It the iterates through the neighboring municipalities determining
all the regions that are intersected by this area. When all municipalities are de-
termined, the repository service can use these names in a WHERE clause to
narrow down the number of rows used in the calculation. 

The database is responsible for calculations used to determine whether the com-
panies are within the search radius and for the subsequent sorting of the select-
ed companies by distance, and a overview of the different steps can be viewed
in Figure 17 on the next page.
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Figure 17: Determine taxi providers within range of the search radius.

4.6 RESTful web service

4.6.1 Responsibility of service

The responsibility of the Taxi service RESTful web service is to provide a lan-
guage agnostic entry point for clients using the taxi service. The search parame-
ters should be validated and the result should be returned, preferable in JSON,
as it is less verbose and more accessible for humans than XML.

4.6.2 Tool or Method 

The RESTbased service uses JAX-RS, which is the reference implementation
API for RESTful services in Java EE (JSR 339). It allows standardized ways to
create paths and resources using POJOs and REST-specific annotations. The an-
notations specify which HTTP methods are to be used and which formats are to
be expected as input and output. A schematic overview of the service can be
seen in Figure 18 on the next page.
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Figure 18: The actions performed by the RESTful web service.

4.6.3 RESTConfiguration

Configuring the general path to the resources is straight forward. A class ex-
tending javax.ws.rs.core.Application annotated with the @ApplicationPath with
a string holding the path value is all that is needed.

@ApplicationPath("resources")

public class RESTConfiguration extends Application {}

4.6.4 Parameter validation

Resources are the java classes that expose the HTTP methods and the paths to
access them. The method used to retrieve the taxi providers in a certain area
uses a HTTP GET method expecting parameters on the HTML/TEXT format:

 http://localhost/taxiservice/resources/taxiproviders?param1&param2&param3&param4.

The available parameters are:

• latitude (valid range -90°  90°)

• longitude (valid range -180°  180°)

• from_list (default: 1)

• to_list (default: 25)

• max_distance (default: 15000m)

29



Development of a location-based taxi service – using open-source tools
Lars Maechel 2016-10-12

The only mandatory parameters which are required are the latitude and longi-
tude, all the others have default values which are applied in case they are left
out.  There  are  also  two other  parameters  that  are  present,  search_word and
country, but they are not in use at this stage and are just additions that could be
used in the future to extend the service to return companies in sectors other than
taxi and to include company searches in Norway and Denmark [37].

The parameters are validated and if not correct, a bad request response is sent.
The coordinates are checked so that they are within valid limits, which are -90°
to 90° for latitude and -180° to 180° for longitude [19], using a regular expres-
sion, or regex. The  from_list and  to_list parameters are checked so that they
form a valid range and the max_distance is checked so that it lies within a posi-
tive range.

4.6.5 Asynchronous response 

The method then retrieves a list of companies from either the database or Eniro,
depending on whether there is a basic supply of companies already in the data-
base at that time using the repository or company retrieval service. The compa-
nies are then converted to JSON and wrapped in a Response object, which en-
ables additional metadata to be sent alongside the result.

Since the method is mostly input-output (I/O) bound, it is using an asynchro-
nous response object in conjunction with an CompletableFuture and a Man-
agedexecutorService to delegate the work to another thread and let the client,
not the taxi service main path of execution, wait for the response to be sent. 

4.7 Customer GUI

4.7.1 Responsibility of service

The responsibility of the customer GUI is providing the customer the ability to
test the functionality and responsiveness of the taxi service, as well as the op-
portunity to manually insert companies into the database.

4.7.2 Tool or Method 

For this task, JavaServer Faces 2.2 was used for building the web components
and Facelets was used to provide the interface a unified look.

4.7.3 The GUI

The implementation is a simple HTML-form where the customer can enter the
parameters. A managed bean is used for the binding of the parameters and it
functions as a controller or model for the UI-components.

The parameters are validated via Bean Validation directly in the controller class
and if  correct,  a  query containing  the  parameters  is  sent  to  the taxi  service
RESTful web service.
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4.8 Testing of services

4.8.1 Responsibility of service

The responsibility of the testing service is to be able to carry out unit- and inte-
gration tests  on all  the services,  ranging from the insertion of companies in
database to testing responses in the RESTful web service during similar condi-
tions that are present during run-time.

4.8.2 Tool or Method 

The testing framework Arquillian was chosen for this purpose. It is a testing
framework specially designed to test Java EE components during run-time. It
accomplishes this  by combining several  existing technologies,  which can be
seen in Figure 19.

It uses the already familiar and ubiquitous testing framework, jUnit for the tests.
It also uses a tool, ShrinkWrap, which is able to pack classes and resources nec-
essary for the test in a small deployable archive. This can then be handed over
to the container at run-time. It could be the usual setup or a small embedded
version. Through communication with the container it orchestrates the timings
of the testing procedures and collects the results [50].

Figure 19: Technologies used by Arquillian.

The tool used for testing the REST-based service under load is Apache jMeter.
It is a testing tool for load- and stress testing web applications. It is written in
java and have support for various protocols, such as HTTP and REST [51].

The tests that are to be executed are defined in a test plan. The path to the web
page/service and all the parameters to be used is defined in the test plan, as well
as how many users (threads) that should be involved and the number of times
each thread should execute the query. An example of the Apache jMeter GUI
can be seen in Figure 20 on the next page.
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Figure 20: jMeter GUI and thread group setup.

There is also a number of listeners that can be used to collect specific data that
the user is interested in,  and the results  can be displayed in several formats
(e.g.) tree-structures, graphs and tables. Several test plans can also be executed
in sequence and compiled in an aggregate report.

4.8.3 Arquillian

The decision was made to use the Embedded Glassfish as run-time container for
the tests because it is equivalent to the real run-time environment. To use Em-
bedded Glassfish and Arquillian, dependencies for these must be added to the
Maven POM-file. A specific test profile was also created in the pom-file, which
uses the test-specific dependencies.

A test-specific database was used instead of the usual to avoid mixing test data
with the real application data. That way, the database could be dropped and re-
created between each testing round without losing any important data.

Persistence tests need additional configuration resources used by Glassfish Em-
bedded. These are xml-files that define container properties, database connec-
tion properties and test-specific persistence properties. 

In order for Arquillian to gain control of the test execution, it replaces the jUnit
test runner with Arquillian, using the class-level @RunWith annotation with Ar-
quillian.class as value.

A static  method annotated with @Deployment uses ShrinkWrap to pack the
necessary classes and resources used in that particular test class. The archive
could be any deployable archive such as an EAR- or WAR-file and is passed to
the container at run-time, where the tests are executed. To enable injection of
EJBs, a beans.xml must be provided and for persistence tests, a persistence.xml
is required. Figure 21 on the next page is showing off parts of a persistence test
using Arquillian as test-runner and ShrinkWrap for packaging the required files.
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Figure 21: An example using Arquillian for persistence testing.

4.8.4 Apache jMeter

To be able to test how the taxi service fare under both normal and high traffic
conditions, Apache jMeter was used to simulate those conditions.

For normal use it  was assumed that the service would have about a million
unique clients per day. This was simulated by letting up to five users make one
request during a two second period, which would result in one request every
0.4s. This was repeated 2000 times for a total number of 10 000 requests.

The test was performed in the area surrounding Stockholm, which is the area
containing the most companies, where it would be most likely that the service
would show less responsiveness. The coordinates were randomized within an
area of 20 km from Stockholm to avoid any caching or query optimization by
the database. 
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5 Results
5.1 Result of main purpose

The main purpose of the project was to build a component capable of providing
taxi providers within an area specified by clients. Input parameters on the for-
mat of coordinates and a search radius specifies the area from wherein the taxi
providers should be returned. The result should be returned via a RESTful web
service to provide the result in a machine-to-machine and human readable way.
In order to accomplish the main goal and the customer requirements,  open-
source tools are to be used to perform certain tasks or solve specific problems.

Based on the main goal, the project is considered a success, as it is able to ac-
complish this. The taxi service is able to receive coordinates and a search radius
and return the correct companies within the specified area and clients are able to
receive the result through a simple RESTful web service. The companies that
are returned are sorted based on distance. They have gone through a filtering
process to determine that they are within the correct business sector and that
their primary sector is taxi service and that they have sufficient contact informa-
tion.

5.2 Result of pre-study

The result from the pre-study is also considered a success as the tools selected,
in most cases, are more than capable of meeting the requirements set by cus-
tomer. The exception is the geospatial tools / region services, where an ad hoc
tool was not used which made the database queries a bit too long, but which
were a trade-off between different requirements/goals.

In Table 1 all the components services and the problems that they are to address
are listed. It also lists to what degree the tool is able to solve the problem and if
other tools were considered. The “no alternative” should not be interpreted as
no better alternative exists, rather that the tool was able to perform the task suf-
ficiently, and therefore, no other tool was considered. Often the tools selected
was the ones that had an ample amount of documentation that could show that
the tool would be suitable for the task also that it was widely used by other de-
velopers.
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Component/
Task

Responsibilty Tool selected Is it able to solve
the task?

Alternative tools
/ methods
considered

Company Retrieval
service

Provide companies
containing contact
information and

location data

Eniro API yes Hitta.se, Proff.se,
Allabolag.se,

Torget.se

Company metadata
retrieval service

To automate the
retrieval of

additional metadata
that can be used to

determine the
correctness of the

taxi provider.

Selenium
WebDriver, JMS,

TimerService

yes No alternative
tested

Region Service Determine origin of
a search, as well as,

determine the
correct region for a
company prior to
insertion of the

company in
database.

Custom geospatial
data types such as
Region, Polygon,

Coordinate in
conjunction with
SQL query used
with haversine

formula.

To some extent PostgreSQL
extensions.

PostGIS extension.
Native SQL using
haversine formula.
Hibernate spatial,

JTS, GeoTools

Filter assessment
method

Determine the
correctness of the

results.

Precision and recall yes No alternative
tested

Test service To test the business
objects and their

interactions during
run-time.

Arquillian yes Junit, jMock

Customer GUI Provide the
customer a simple
demonstration of
the functionality
and the ability to
manually insert

correct companies.

Java Server Faces yes No alternative
tested.

Table 1: Displaying results of core component services.

5.3 Result of customer requirements

5.3.1 Open-source tools

The requirement that the component is restricted to the use of use of open-
source tools has already been discussed in the previous section and has been
considered met.

5.3.2 Structured and accessible data

The requirement states that the data returned from the RESTful web service
should be in a well organized and accessible way. The requirement is consid-
ered met, as JSON is a format accessible by both humans and machines and it
present the data in a well structured way and sorted by distance, which can be
seen on the next page in Figure 22. 
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Figure 22: Typical RESTful web service JSON output.

5.3.3 Geographic restrictions

The requirement states that the companies returned should be companies per-
forming services in Sweden. The component sets no restrictions on input pa-
rameters other than that they conform to the allowed latitudinal and longitudinal
values. The requirement is still met since the selection can be made in Eniro
API, by setting the country parameter to “se”, which result in that only Swedish
companies is retrieved.

5.3.4 Re-usable component 

The requirement states that the component should be developed as a standalone
unit with re-usability in mind with the possibility that the component at a later
time may be part of a larger system or parts of the component can be re-used in
a different context.
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To ensure this the project tries to adhere to the standard java EE specifications
and  apply  good  object-oriented  design  when  building  the  component.  The
project uses only open-source tools or rely on data that are freely available. The
third-party dependencies are restricted to the tools used. The different services
were developed independently and in sequence to ensure re-usability of individ-
ual services.

5.3.5 Responsiveness

One requirement was that the component should be able to handle many simul-
taneous users and at the same time exhibit good responsiveness. This require-
ment was not fully met.

The region service was successful in the sense that was able to pinpoint a region
from where a search was made, down to municipality or city level, within 1 ms.
It  could  also  return  all  the  neighboring  regions  within  the  search  radius.  A
search would take approximately 10-30 ms depending on if the search range
was 10 or 30 km.

The response time of the component is still not considered good enough in ur-
ban  areas,  it  becomes  especially  clear  in  Stockholm and  surrounding  areas.
Most of the time was spent in the database to select and sort the correct compa-
nies based on distance.

One reason that was considered to the cause of the slow database calculations
were all the region objects and their thousands of polygons that were held in
main memory. They are likely consuming a lot of resources and thereby slow-
ing down the calculations done by the database. The decision was made to com-
pletely discard the Region Service, and delegate all geospatial calculations to
the database.

Therefore, a solution was sought to better handle geospatial calculations in the
database, while still using the reference specification of JPA. The only possibili-
ty that was found, at the time was, the PostgreSQL extensions earthdistance and
cube, which are geospatial extensions for this purpose, and GIST indexing. The
earthdistance extensions provide methods for calculating the distance between
two coordinates using double precision values, which is what was used in this
project to store the latitudinal and longitudinal values. GIST is used to create an
index that  make optimizations  based on the parameters  that  are  used in  the
WHERE clause of the SQL query. When applying these changes, the response
time was reduced with over 50%, down to approximately 800 ms during the
tests that were made. This was still considered too high.

A better use of the haversine formula was found [52], that was more efficient in
discarding companies that were not in close proximity of the search area. Nar-
rowing down the affected companies in the database, the calculation time was
reduced, which resulted in a response time at approximately 500 ms.
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The response time was concluded from a test measuring nearly simultaneous
users, requests were made every 500 ms.

The tool jMeter was used to test the RESTful web service under conditions that
simulate ”normal use” of the service using the native query.  The results  are
compiled in a summary report shown below in Table 2 and the setup was dis-
cussed in the implementation section.

Label Samples Average Min Max Std, Dev. Error
%

Through
put

KB/sec Avg.
Bytes

GET 10000 398 97 2156 224,23 0.00% 12.4/sec 263,07 21685,4

Total 10000 398 97 2156 224,23 0.00% 12.4/sec 263,07 21685,4

Table 2: RESTful web service response time during "normal" use.

Most applications do not have a steady influx of users throughout the day, but
rather exhibit spikes during certain periods of the day, where most of the re-
quests are being made. To get an idea of how the application handle multiple si-
multaneous users, a load test was performed. This was done by letting 100 near-
ly simultaneous users, all make one request to the service, and measure the av-
erage response time.

The parameters, users and ramp up, are used in conjunction to control the fre-
quency of the requests. A ramp up period of 2 seconds and 100 users means that
during that time 100 requests will be made, resulting in one request every 0.02
s. The test used ramp up periods of 1, 2, 3, 4, 5, 6, 10, 15, 20 and 25 seconds.
The results can be seen in in the aggregated report shown in Table 3.

Label Samples Average Median 90%
Line

95%
Line

99%
Line

Min Max Error
%

Through
put

KB/
Sec

1-100 100 5965 6556 7060 7191 7326 317 7404 0,00% 13,2/sec 280,9

2-100 100 5755 6074 6896 7171 7385 274 7430 0,00% 13,4/sec 283,4

3-100 100 4020 4348 6504 6974 7211 102 7672 0,00% 12,1/sec 257,4

4-100 100 3084 3349 5243 5843 6210 120 6346 0,00% 12,2/sec 258,3

5-100 100 2101 2013 3722 4208 5301 96 5561 0,00% 13,2/sec 278,5

6-100 100 1101 800 2546 2778 4010 110 4305 0,00% 13,8/sec 292,3

8-100 100 271 256 410 494 611 102 826 0,00% 12,4/sec 261,5

10-100 100 233 207 377 421 611 92 711 0,00% 9,8/sec 207,5

12-100 100 220 190 393 494 551 87 673 0,00% 8,3/sec 175,4

15-100 100 222 211 352 385 483 90 637 0,00% 6,6/sec 140,2

20-100 100 219 202 368 389 469 85 544 0,00% 5,0/sec 106

25-100 100 211 187 350 394 441 93 457 0,00% 4,0/sec 84,8

Total 100 1950 386 6270 6655 7187 85 7672 0,00% 8,8/sec 185,8

Table 3: RESTful web service during different loads.
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From the interpretation of the result it was concluded that the application can
handle an influx of requests made at an interval of 0.06-0.08 seconds, for a brief
period. That amounts to approximately 12-15 requests per second.

5.3.6 Filtering process 

One of the requirements that were expressed by the customer is that companies
retrieved from the Eniro API undergo some form of assessment that make it
possible to establish that they belong in the right service sector.

The filtering process is considered successful in the sense that it filters out any
company failing to meet the criteria set out by the author and customer. The cri-
teria have been mentioned earlier in implementation section.

In this case, it is the author in conjunction with the customer, who have estab-
lished the criteria and as a consequence the precision of the results are 100 per-
cent. All the companies returned from the service are in the correct sectors, ei-
ther 49320 or 52 219, they pay the correct taxes and have enough contact infor-
mation. Based on the small sample study the recall is 94 percent.

5.3.7 Pre-fetched and manually inserted companies

One requirement was that there should be a basic supply of pre-fetched and fil-
tered  companies  in  the  database  and the  possibility  to  manually trigger  the
process of both companies and their metadata and subsequently save them in
the database.

The requirement is considered to be met. There are two ways in which the cus-
tomer can fill the database with correct companies.

1. Use the application timer service in conjunction with the company re-
trieval service and company metadata retrieval service to fetch both the
companies and their metadata and save them in database at a predefined
schedule.

2. Use the already filtered companies saved to file and read them into data-
base at application startup.

The manual  insertion  of  companies  can  be accomplished with  the customer
GUI, which is the topic of the next section.

5.3.8 Customer GUI

The requirement states that the customer wants a simple GUI, seen in Figure
23, which has the opportunity to test the functionality and also add companies
manually.  This  requirement  is  met.  The customer can enter  parameters  in  a
HTML-form to make a search in the specified area.  The search triggers the
above mentioned chain of events which concludes with the correct companies
are inserted in the database.
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Figure 23: The customer GUI

5.4 Results of partial goals

5.4.1 Re-usable component built with open-source tools

By applying an MVC pattern through a maven structure with different modules,
where each layer is handle different responsibilities, and the underlying layers
has no dependencies in the upper layers, a separation of concerns is accom-
plished. The different services were developed in sequence to make them as in-
dependent as possible, so the separation is both temporal as well as spatial. To
ensure re-usability, the reference specifications of Java EE were used and good
OOP principles were applied. The tools used have been freely available open-
source tools and the data used has been available through public APIs. The goal
is considered to be met.

5.4.2 Agile development and customer contact 

The project adhered to the two agile principles during the development, namely
short sprints and close customer contacts. There was ongoing contact through-
out the entire project via mail,  video conferences or Trello boards. The cus-
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tomer had the ability follow the implementation details via a repository in Bit-
bucket. After each implementation of a service or feature, a meeting was held
via video conference where the customer could give feedback and suggestions.
The goal is considered to be met.
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6 Discussion
6.1 Choice of tools

6.1.1 Eniro API

The choice in favor of Eniro API was mainly because the other company search
engines did not have a public API and some of the others did not have readily
available location-based information in the form of coordinates. The Eniro API
made it  possible to automate the whole process of retrieving the companies
more easily than it would have been retrieving the same amount of information
with, for instance, Selenium WebDriver. Another reason was that Eniro API also
provides  information  about  companies  in  the  other  Nordic  countries,  which
opens up an opportunity to expand the service in the future to include compa-
nies in these countries as well.

Eniro API allows a user to make 10,000 searches per month for free, which is
more than enough to retrieve all of the companies within a particular sector.

6.1.2 Selenium WebDriver

One of the goals during the pre-study was to find a tool to automate the re-
trieval of metadata for each company which would make it possible to classify
it as a taxi provider. This information was not available via public API which
meant that it had to be gathered by visiting external websites, carrying this in-
formation. That is something that could, preferably, be automated to save time.

There was no other suitable open-source tool found that had the capabilities and
level of control that Selenium WebDriver has, and at the same time was avail-
able in java. Selenium WebDriver can be used as any other java object, and pro-
vide  a  high  level  API  for  numerous  actions  commonly exhibited  in  normal
browsing of websites. The API provides factory methods for different browser
drivers which makes it easy to switch setup between, for instance, any of the
common browsers in which you can follow all actions performed via the brows-
er window and the headless HtmlUnit version, which is better suited for appli-
cations. That made it possible to use FirefoxDriver for debugging purposes and
then switching back to HtmlUnit when finished.

6.1.3 Precision and recall

Another requirement the pre-study was set out to find was a method to accu-
rately assess the correctness of companies retrieved from Eniro and measure
how well that method is performing its task.

The fact that the component exhibits both high precision and high recall is due
to the fact that the filtering process is controlled by software written for that
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purpose and met against criteria that was determined by the author and cus-
tomer.

The recall is a little harder to assess, because the selection is only based on one
source, the Eniro API and whether or not that is a fair estimate of all the taxi
companies in Sweden is depending on several factors:

• How many of the total number of active taxi companies in Sweden is
currently in Eniro API?

• How often do Eniro API update their data. Is the data it accurate or not?

• How many of the companies that were filtered out was in fact correct
taxi providers.

The  two first  questions  are  more  difficult  to  assess  but  the  number  of  taxi
providers seem to match the number given by the sector [2], but to give an esti-
mate of the third listing a small sample of 50 companies that were filtered out
was more closely examined. Of these, 3 or 4 could be, with some good faith, be
considered correct and was used to estimate the recall for the other nearly 3000
filtered companies. That results in a recall of approximately 94%.

The sample selection used in the estimation of the recall is also relatively small,
due to lack of time, and not fully representative of the full selection, so natural-
ly the conclusion that can be drawn from the results is of lesser value.

6.1.4 Custom geospatial datatypes

The decision to not go with an ad hoc geospatial framework was a trade-off
based on the fact that JPA do not, to the extent of the author's knowledge, sup-
port geospatial data types. It was a compromise to ensure re-usability of the oth-
er services. 

The Region service was successful in the sense that it was sufficiently fast and
accurate in determining the origin of a coordinate within Sweden and the re-
gions that intersected the search radius. The problem was that it was not very
efficient when used to construct database queries. It was not unusual to have 10
to 15 different municipalities that were affected in a single search which would
have to be included in the WHERE clause of the query to match companies
from all those regions, which made it slow. Another problem was that the region
service was assumed to consume a lot of main memory and was implemented
as a singleton which could affect the overall performance of the service. The de-
cision to discard the region service was the only feasible option based on the re-
sults at that time and it resulted in a much improved response-time.

Why the native SQL query performed better than the geospatial PostgreSQL ex-
tensions, is not entirely clear, but one reason could be that the methods used in
the earthdistance extension are more general, while the native query using the
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haversine formula are more specific and therefore can narrow down the affected
database rows, resulting in a faster calculation.

6.1.5 Testing framework for business components

The EJBs are the main business components of any java EE application and the
fact that they basically are augmented POJOs makes testing them much more
simple. Most of the functionality could be tested using jUnit or by mocking out
services such as database connections by using a mocking framework, such as
jMock. But the fact that java EE relies heavily on convention over configura-
tion, which is a good thing, results in that much of the behavior of the compo-
nent won’t be applied until run-time. That makes it much harder to test the be-
havior of the component in its real environment as it now is being managed by
the container. The container handles all the components and all their interac-
tions which makes it less transparent for the developer what happens behind the
scenes and tests that run fine in isolation and outside the container, might not do
so during run-time.

Arquillian provides control over ordinary jUnit  tests  while at  the same time
making it possible to perform tests during run-time and in an environment that
is similar to the real one which was the reason for using it in this project.

6.2 Ethical considerations

The downside of using public APIs is the fact that it is not under the developers
control. The entity providing the service could at anytime decide to not support
it anymore, remove features, put it behind a pay wall or simply remove it. This
actually happened during the project when Eniro suddenly choose to remove
the review based searches. The feature was initially planned to be included in
the taxi service by providing a review score as metadata, which could be used
by clients when determining which provider to choose.  Eniro was contacted
about the sudden lack of this feature and they responded that they made the de-
cision remove it and it has no plans to bring it back in the future.

Another thing to consider when using automated tools to visit web pages is to
add pauses between each request to not interfere with the service. This hap-
pened once during the process of retrieving metadata for all the taxi providers
from Eniro and the author was banned from the site for more than 2 weeks.

In case the companies retrieved from the Eniro API had no contact information
(i.e.)  no phone number or  useful  company web pages  such as  Facebook or
homepage, the phone number from the web page www.proff.se is used. It is
possible that this number is the one given when the company is registered and
therefore may be a private phone number or one that is not intended for use in
the business. Further inquiry is necessary before using it in the real application.
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6.3 Implications for society

Tourism is an area which benefit greatly from location based services. The tour-
ist business in Sweden is a multi-billion dollar industry and in 2014, Swedish
tourists spent over 170 billion SEK and foreign visitors spent almost 100 billion
SEK (which is more than the combined value of exported iron, steel and cars.
Since the millennium the sector has increased by almost 80% [53]. Location
based services could assist and guide tourists and, potentially, function as a con-
venience to enhance the overall experience of the visit by giving directions to
nearby points of interest and thereby increasing the possibility of recurring vis-
itors.
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7 Conclusions

7.1 The most important conclusions

The most important conclusion is that the project was successful in building a
component using open-source tools that is able to return taxi providers within a
specified area. The result is made available for both clients and other applica-
tions in a well-structured and accessible way via a RESTful web service.

The component follows the java EE reference specifications and applies good
OOP-principles, to the extent mastered by the author, which allows it to be used
in a bigger system. The services are built independently and in sequence which
makes them decoupled and usable in a completely different context.

The component meets almost all customer requirements and the customer has
been able to closely follow the project and also been able to influence the direc-
tion of the project.

Unfortunately, the response-time are still too high but it is something that would
surely be resolved when using an ad hoc geospatial framework to perform cal-
culations on the geographical data.

7.2 Future work

To improve the responsiveness of the service a geospatial framework would be
the best option, as most of the time, handling the request, is spent in the data-
base. It would not take significant amount of work to implement the service
with any of the ad hoc systems in the future. A test implementation was made to
test this using the hibernate spatial and the only thing that is required is adding
the correct dependencies. Hibernate spatial uses a special datatype called geog-
raphy to handle geospatial data, which can be obtained by a special class Geom-
etryFactory seen in the source code below:

@Transient

private final GeometryFactory gf = new GeometryFactory();

@Column(columnDefinition = "geography(Point, 4326)")

private Point location;

It is possible to use the coordinates in the double format that they are in, as the
factory can create a new coordinate from the doubles:

public void setLocation(double latitude, double longitude) {
    this.location = gf.createPoint(new Coordinate(longitude, latitude));
    this.location.setSRID(4326);
}
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PostGIS is able to handle the geography datatype, which can be seen in the Fig-
ure  24  below,  which  enables  it   to  perform calculations  that  are  faster  on
geospatial data.

Figure 24: Displaying a PostGIS row containing a geography datatype.

Another feature that would be easy to implement, is to extend the service to al-
low for searches to be made in the other Nordic countries, Denmark and Nor-
way and to extend the service by including searches for other business sectors.
The only thing to change is the country and search_word parameters in searches
made to Eniro API to accomplish this. 
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	Abstract
	The aim of this project is to develop a component able to retrieve taxi providers in Sweden, based on input of coordinates and a search radius. The result should be available in a well-structured and accessible way through an RESTful web service. The study is conducted based on a customer inquiry stating that the component should be built using open-source tools and be developed in such a way that facilitate the integration of the component, or parts of the component, in a larger system at a later stage. Therefore, a preliminary study was conducted in order to find suitable open-source tools that are able to solve the specific customer requirements. The component uses an ad hoc company search engine to retrieve the taxi providers, contact information and coordinates. Additional information needed for determining the correctness of the taxi providers are retrieved from external resources and a filtering process is then performed before they are saved in persistent store. The project is successful in solving the main purpose and most of the customer requirements, while the RESTful service is unable too fully meet the requirement stating that the component should be able to handle multiple concurrent clients while still maintain responsiveness. This, is mainly due to the decision not to use an ad hoc framework in handling geospatial data structures and calculations and was a trade-off to ensure re-usability and integration of the component in a larger system.
	Keywords: Java EE, LBS, REST, JSON, Open-source, Selenium WebDriver, Arquillian, jMeter
	Abstrakt
	Avsikten med denna studie är att bygga en komponent som kan returnera taxi-företag i Sverige baserat på koordinater och en sökradie. Resultatet skall presenteras för användare eller andra tjänster på ett välstrukturerat och tillgängligt sätt via en RESTbaserat webbtjänst. Projektet är ett resultat av en kundförfrågan i vilken det även specificeras att komponenten skall använda sig av data eller verktyg som är fritt tillgängliga och att den skall vara byggd på ett sådant sätt att det går att använda hela, eller delar av, komponenten i ett större system. En kortare förstudie genomfördes med syfte att hitta lämpliga verktyg som bygger på öppen källkod för att lösa de specifika krav kunden ställt på komponenten. Komponenten använder sig av en sökmotor för företag-sök där resultaten görs tillgängliga via ett RESTbaserat API. Varje företag genomgår sedan en filtreringsprocess innan de sparas i databas för att avgöra om det uppfyller de kriterier som är uppsatta. Denna filtrering baseras på information som inhämtats genom en automatiserad process. Denna studie har varit framgångsrik i avseendet att bygga en komponent som kan returnera företag inom ett visst område baserat på koordinater och en given sökradie. Den uppfyller även de allra flesta av de krav kunden har satt upp, med undantag för det krav som efterfrågar en responsiv hantering av många samtidiga användare. Detta beror främst på valet att inte använda sig av ett ramverk avsett för hantering av geospatial data. Detta var en avvägning som gjordes för att försäkra sig om att komponenten skulle vara återanvändbar i ett större system.
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