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1 INTRODUCTION
In the context of large sites frequented by numerous amounts of persons it is of great difficulty to
provide useful information for each of these users. This is due to the fact that each user has
different interests and because some of the sites themselves are highly dynamic i.e. the
information that should be transmitted to end users changes faster than can be updated in a
traditional web site. An example of this is a university campus where the event schedule changes
by the hour, and the most relevant information set to be delivered to users should prioritize the
soon to start and current events, as this information is most useful to end users.
Furthermore, a large site will contain several recognizable locations, such as offices, cafeterias,
meeting rooms, etc. each of which will have its own set of information that should be transmitted
to the end user if he or she wishes.
In order to be able to filter through the set of all available information for a place, we must
understand contextual information that can be gathered from the ambience and from the user, so
that we do not overload the user with irrelevant information and so that we do provide the
information that the user requires. The idea of context can be represented as a set of highly
dynamic variables that depend on the user and the place itself and that is necessary to profile the
given information so that a user can query and delivered the most relevant data.
In order to have a user context, given that this information is dynamic it must be collected at
query time, we propose to use the user’s mobile devices as sensors about the site and user, in a
pervasive approach constantly finding beacon signals generated by a network of active Bluetooth
tags installed in the site. To profile the user’s interest we propose to save the categories of
information that he or she actively searched for and to record the categories of information that
was presented by the system and the user actively read.
There are many contexts in which to provide customized information based on location and user
profiling would present a great advantage in the relevance of the delivered information, such as:






In an office building, providing information about the worker or provided services at each
office and cubicle in which he or she is located and to show a route between the current
user’s location and their destination.
In tourism, determining the main attractions to recommend to a user given their interests,
such as places to visit due to historical significance, places to party, et cetera.
In universities, to provide information about the classes in attendance and events in the
university’s campus.
In trade fairs, to provide information about the participant companies and their offers,
and to propose visits to other expositions based on those that were visited.

Take for example a person looming nearby a closed cafeteria; possible information that can be
made available about the place itself, such as the opening and closing hours, historic facts about
the cafeteria, architectural features of the site, the suggested plates and complete menu with
pricing. Without prior knowledge about the person, we could try to feed all this information to the
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audience. However this approach would probably be not well received because the attention span
of people is limited, therefore we must pick a subset of information that is maximally relevant to
all users, for example the suggested and opening and closing hours.
However, if the cafeteria where to be opened at the time the person walked nearby, information
about the opening and closing hours would be less relevant to him and information about the
menu and pricing would become more relevant due to the information provider’s intent that the
person visits the cafeteria. Here, we used only geographic location and current time to pick a
subset of relevant information to provide. However, information about the user’s interests and
current activity could provide us with much more useful inputs to filter the information set.
If such person were part of a tour of the area he would probably be interested in the architectural
features of the site and this information would extend his visit to it, maximizing the probability of
him buying something at the cafeteria, in such case the usefulness of the provided information is
maximized for both the person and the content provider, in this case we used information about
the persons current activities to filter the information set.
Furthermore if the person were a worker at the cafeteria, he would probably also be interested in
information about sales and promotional offers for workers. In order to be able to use contextual
information about the user, we propose to use the following criteria to filter all available
information:


The user’s current location inside the site that he is visiting.



The user’s subscription, either explicit or through the analysis of information that was
provided to him and was found relevant in the system. This includes information about
subscriptions to event at the site.



The user’s role in the site he is visiting, defining role as his association with the site, as a
visitor, worker, site operator or site administrator.



The current date and time, to discern if the user is currently subscribed to an event that is
currently taking place.

It is our belief that through the usage of this contextual information to filter the set of available
information we can give the user information that is more relevant to their needs.
SIEGE, System for Information Enrichment of Georeferenced Environments, is based on the
principles of linked data to store a graph of linked information about site’s features and the events
that are taking or are to take place in them and information about the users’ role at the site and
personal interests, and pervasive computing to be able to provide useful information without the
need for the user’s intervention and to passively gather information about the user’s location and
current and future activities.
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1.1 MAIN OBJECTIVE OF THE PROJECT
To design and implement SIEGE, a system that delivers relevant information about the current
events and characteristics of a geographical site in which a user is currently located to the user’s
mobile device.
The provided information is to be deemed relevant according to the user’s relationship to the site,
namely his role on the site, the user’s personal interests and the timeliness of the information, i.e.
events that are currently taking place at the site and events that will take place in the nearby
future. This information is to be available in repositories internal to the system or through linking
to external information repositories. The system is to be an application of pervasive computing
and will provide the aforementioned relevant information automatically without the need of
active user interaction.

1.2 SPECIFIC PROJECT OBJECTIVES








To install a system of active Bluetooth LE 4.0 tags that broadcast a unique id (GUID) and
can communicate with an application on the user’s mobile device without active user
interaction.
To design, develop and implement a system that is able to provide indoor positioning
based on nearby Wi-Fi networks and active Bluetooth LE 4.0 tags with accuracy better
than 25 m2.
To design a semantically enriched information system that allows for the storage of
information about geographical sites, the Bluetooth tags installed through the site and the
list of events, information and people that are associated with the site.
To implement a mobile application that allows end users to query for information at a
geographical site.
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2 THEORETICAL FRAMEWORK AND RELATED WORKS
On this section we describe the technologies that are used by SIEGE in the solving of the problem
that was presented on the previous sections. We initially analyze and describe the enabling
technologies for solving the problem and further on we present related academic works that are
relevant for our solution strategy.

2.1 ENABLING TECHNOLOGIES
As we have stated on the previous sections, SIEGE is an information delivery platform that enables
its users to be delivered relevant information according to their context and spatial location,
furthermore the system is designed so that it is flexible enough to be easily adaptable to a myriad
of situations. It is therefore necessary to have at least the following core technologies
implemented in the product: Location technologies and a flexible data modelling solution.
2.1.1 Location
Location technologies allows us to know the geographic location of an object, as knowing a
person’s location within a site is important in order to deliver them information about what’s
happening at the site it is of great importance for SIEGE to have a source of location information,
furthermore, as SIEGE’s frontend is implemented as a mobile application for end-user’s mobile
devices, we can only use location technologies that are compatible with such devices. As such, we
will focus ourselves on evaluating the usability of WLAN location, GPS and location using Bluetooth
beaconing devices as those are the most available technologies in mobile devices at current time.
Cell site based location has not been considered for evaluation for implementation in SIEGE due to
its low accuracy and its need for cellular cell towers location information.
2.1.1.1 WLAN Location
Wireless LAN location has been a preferred method of indoor location due to the expansion of
coverage of WLAN networks, as studied by Chen et Al on [1] and Jan et Al on [2] it can deliver
location information with accuracy up to 5 meters in dense Access Point distributions.
The main techniques used to determine the location of a Wireless client are using a regression
model for the signal path loss from the RSSI (Received signal strength) gathered at the client side
from multiple Wireless points that allows for trilateration of the users location from determining
the distance to 4 or more access point or fingerprinting different areas at the site for RSSI
measurements from all visible access points and creating a classifier that for a set of RSSI
measurements assigns a cell to each point at the site.
These techniques can deliver very accurate location results at a small infrastructure investment
but both have drawbacks that hinder their mass scale implementation.
For RSSI path loss modelling the main drawback is that the simple path loss formula [3]
( )[

]

( )[

]

( )

Equation 1: Free space path loss equation.

4

Where ( ) is the received signal strength ( ) is the received signal strength at a known radius
from the transmitter and is the radius from the transmitter at the measuring site does not
account for obstacles and is best used in line of sight from the access point only. Therefore a
usable WLAN based location model should take into account the site’s physical architecture and
account for this on their model in order to provide accurate results. This implies that modelling a
WLAN location solution in a dense access point building includes the creation of a per Access Point
regression model that can take into account the different kind of obstructions between the
receiving station and AP.
Fingerprinting is an easier but harder to implement technique for location as it takes
measurements at known distances at the site and creates a grid wherein each cell has known RSSI
measurements. Therefore delivering a user station location becomes a classification task that
assigns a cell to a set of measurements. This technique requires a site survey and updating the
model when an access point is added to the site.
Both models assume a constant transmission power from the access point which is not commonly
used at dense access point networks due to RF contamination at the 2.4 GHz band, in dense access
point networks some sort of radio transmission power tuning is used, such as Cisco’s Radio
Resource Management model1 to dynamically change transmission power for each access point
while measuring on-site RF noise at the transmission band. Therefore in order to use WLAN
location in a site that dynamically controls each of its access points transmission power a
communication channel between the AP controller and location model should be made available
so that it can account for the transmission power when estimating an endpoint location.
For SIEGE WLAN location can be used in small sites for which there is no desire to invest in other
location technologies, however its accuracy can be severely hindered by the architecture of the
site itself and the density and power management of the Wireless access points present at the
site.

2.1.1.2 GPS and GLONASS
The global positioning system [4] (GPS) and GLONASS [5] are location technologies that are
implemented in most cellular devices at current time. They are based on a set a set of satellites in
medium orbit that constantly transmit their position with respect to earth and the message
transmission time in the L1—L5 frequency bands. A mobile device implements an antenna that
receives these broadcast signals from several of these satellites and using an almanac (information
about the orbit and status information about each of the satellites in orbit) decodes this
information to transform them into a set of coordinates that describe the mobile device’s position
on earth.
The GPS receivers in mobile devices can deliver a location error between 5.0—8.5 m with a
maximum error of 30 m in outdoor settings according to Zandbergen and Barbeau [6], however
their indoor location estimation error can be up to 100 m. Furthermore the low received power in
1

Cisco Radio Resource Management, http://www.cisco.com/c/en/us/support/docs/wirelessmobility/wireless-lan-wlan/71113-rrm-new.html#rrm
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indoor location of GPS signals can make location trilateration not possible in such environments
due to the high attenuation of such signals in the obstacles present on buildings.
As SIEGE is set be used in either indoor or outdoor locations it cannot depend on GPS location for
its implementation.

2.1.1.3 Bluetooth based location systems
Bluetooth Low Energy (BLE) [7] is and standard of for the implementation of personal area
networks on the 2.4 GHz band using a maximum transmission power of 10 dBm. This makes it
suitable for low distance location aware applications. In order to provide location using Bluetooth
LE devices a network of Bluetooth transmitters must be set on site and its location information be
stored in either the device or a database that can relate a device identifier with a known location.
For location implementations based on BLE devices, the principle is the same as WLAN based
location, the RSSI is measured at the receiver device and the free space path loss equation
(Equation 1) is applied to estimate the distance between the transmitter and receiver. However as
the transmission power of BLE devices is much lower as compared to WLAN devices, the range in
which they can be detected is also much lower; as such they can be used to establish a location in
near range (maximum of 100 m). The Bluetooth Proximity Profile (PXP) [8] allows BLE devices to
sense proximity to each other and specify the behavior for service discovery and alerting when the
devices come in range to each other and can be used for location based applications based on the
BLE specification.
Many commercial applications are currently available for devices that implement proximity
services using BLE devices, among them the most deployed application of this technologies are
StickNFind [9], Tile [10], Kensignton Proximo [11]. These commercial applications are small devices
that implement the PXP profile in a BLE device and provide closed source applications for mobile
devices that allow end users to measure the proximity to such devices and alert the user when
they are in close proximity or have left the range of the device. Of these applications only
StickNFind offers a SDK that can be used to program different mobile applications to those that
are provided by the company, however at current time this SDK is only available under a nondisclosure agreement and its source is not open to the public.
iBeacon
In 2013, Apple Inc. introduced iBeacon [12], an specification for BLE based beaconing devices that
allows location based devices to be used via an API that is present in Apple’s devices with iOS
version 7 and higher that support BLE.
When a BLE device implements iBeacon it emits a constant BLE Advertisement packet that can be
received by mobile devices without the need of pairing between the BLE device and the mobile
device. The advertisement packet includes the following information:


A UUID: a 16 byte string that identifies a set of iBeacons to be used in an application. A
mobile application implemented on iOS must register itself to the operating system to
listen to a specific UUID in order to be forwarded packets from the operating system.
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Major: a 2 byte string that identifies a set of beacons that advertise the same UUID. It is a
free to be set and used by the application developer as he desires, Apple suggests that this
number should be used to identify a subset of a larger space that is somewhat related. For
example: all iBeacons in a building identify themselves with the same Major.
Minor: a 2 byte identifier that is to be used to identify individual iBeacons that advertise a
Major identifier.
TX Power: a byte that identifies the measured RSSI at 1 meter distance between the
beacon and a receiver. This is used internally by iOS in order to estimate the distance
between the beacon and the mobile device.

Even though the iBeacon specification is only available from Apple after signing a NDA it has been
quickly reverse engineered and implemented in Android devices as libraries that can be used to
author Android applications that can listen for iBeacon devices.
Because of Apple’s devices popularity in the mobile world and the fact that is implemented as an
API in Apple devices and as a third party library for Android devices, which currently command
over 90%2 percent of the mobile devices market combined, iBeacon has grown quickly to be the
standard for location aware applications in the current time and the companies that used to
develop proprietary BLE based solutions for location applications have swiftly released firmware
updates for their devices in order to conform to this de facto standard.
Due to its popularity and ease of use iBeacon is the most natural choice to implement BLE location
in SIEGE, as it allows for the determination of precise location, it is multi-platform compatible and
iBeacon-compatible devices are economical and easy to find and implement. Devices currently on
the market that adhere to this standard have a cost of about 20 USD and an expected battery
lifetime of about a year, there are available both devices with user replaceable batteries and those
with non-serviceable parts.

Comparison of location technologies
In the following table we compare the studied location technologies.

SIEGE
requirements

WLAN

GPS

BLE

Desired/Required
for SIEGE

Better than 30m
location accuracy
Usable in Indoor
settings
Low development
time
Low infrastructure
deployment
Low need for RSSI
modelling

Yes

Yes

Yes

Required

Yes

No

Yes

Required

No

Yes

Yes

Yes

Yes

No

Desired

No

Yes

Yes

Desired

2

http://www.idc.com/getdoc.jsp?containerId=prUS23946013. Android and iOS Combine for 91.1% of the
Worldwide Smartphone OS Market in 4Q12 and 87.6% for the Year, According to IDC
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Table 1: Comparison of available location technologies

As it can be seen the best choice for fulfilling the requirements of SIEGE is either BLE or WLAN
based location. Due to time constrains for the implementation of SIEGE we will implement only
BLE based location using iBeacon devices.
2.1.2 Data modelling and representation
In order to achieve flexibility SIEGE needs a modelling language that allows arbitrary facts to be
stored without the need to massively change the underlying data model and that allows the
storage of rules that explain the information stored by the application. This need has led us to pass
the relational model as a data modelling solution due to the complexity in extending an
application based on relational data to be used as a generic information data storage and retrieval
system. Based on this constrain we have look to modelling languages based on description logic, as
these allow for a dynamically changing information modelling solution.
2.1.2.1 RDF
With this in mind we have researched the merits of RDF [13] (Resource Description Framework), a
conceptual description language that is currently in vogue on the Semantic Web collaborative
movement. RDF is a framework for expressing information about resources in a computer that
allows for the exchange of information without loss of meaning.
RDF represents knowledge as a set of triples in the form of:
<subject> <predicate> <object>

In which a relationship between subject and object is expressed through the predicate. In this
representation subjects and predicates are always URI (Universal Resource identifiers), whereas
the object can be a URI or a literal value.
This representation of information is rather simple but its strength lies in the fact that all RDF
subjects and properties are well defined in a document named an ontology, which describes the
semantic meaning of the information expressed through this representation. It puts the
information in a formal encoding and provides an interpretation mechanism so that resources can
be understood by software without the need for external information other than the RDF
description of the triples.
The ontology is a set of triples that give semantic meaning to RDF, and this part of the RDF
document allows an application to determine what kind of information is represented by a triple
(Classes and subclasses) and describe the data type about literals (strings, dates, integers, et
cetera).
RDF documents are complete graphs and can link to other RDF documents stored elsewhere given
that the URIs present on the linked triple are resolvable via HTTP.
Even though RDF gives us a formal way to encode the information so that it can be machine
shareable its power lies on the description logic that that is present on the ontology, which allows
us for the creation of rules through which more information about the subject explicitly described
and be inferred through logic.

8

As such on the following section we present the types ontologies that can be present in RDF
documents. The usage of these ontologies allows for the use of reasoning for establishing implicit
relationships and properties that are not explicitly set on the RDF document through a process
named reasoning.
We now introduce some basic terminologies to understand both OWL and RDFS:




Class: defines a group of individuals that belong together because of shared properties.
Individuals: Instances of classes, for which relationships can be established between
instances. In OWL-Full there is no distinction between individuals and classes.
Property: A binary relation that states a relationship between individuals or from an
individual to a literal value. In OWL, they are further distinguished as
ObjectTypeProperties (a relation between individuals of a Class) and DataTypeProperties
(a relationship from an individual to a literal value).

RDFS
RDFS [14] is the most simplistic of the available vocabularies for the representation of semantic
information for describing RDF data. It allows for the modelling of classes and properties of the
information stored in RDF. Most current triple stores (repositories of RDF information) implement
full RDFS reasoning capabilities.
However, RDFS allows for very limited reasoning, including:





Type inheritance: an instance of a class is a member of the superclasses of such class.
Reflexibility of subClassOf and subPropertyOf.
Type inference through domain and range of properties.
Transitivity of subClassOf and subPropertyOf.

It does not allow for transitivity and reflexibility of other restrictions and does not allow for the
definition of subclasses based on restriction over existing classes. It also does not allow for the use
of inverse properties.
Therefore RDFS is not enough for the reasoning capabilities needed to implement SIEGE.
OWL
OWL [15] allows for a better representation of semantic meaning and reasoners based on OWL
can infer much more information from the available set of RDF triples stored in a document. OWL
builds from the RDFS schema and adds representation for the relations between classes (e.g.
disjointness), cardinality, equality, richer typing of properties, characteristics of properties (e.g.
symmetry), and enumerated classes.
It allows for the setting of restriction on properties for classes, for both subjects of restriction and
cardinality of the property values.

For use in SIEGE the following language constructs are necessary to fully implement the solution.
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There is need to model inverse relationships. In order to query the contained objects at a
site.
There is need to model transitive relationships in order to be able to determine the set of
spaces where a location beacon is located; we need to be able to build a chain from the
beacon, to the room where it is located, to the building, to the site.
There is a need to be able to reason over the range and domain of properties, as we want
class membership for attributes to be dynamic and based on other triples.
There is a need to be able to define classes as intersections of other classes or as
complements of other classes.

OWL allows for the setting of all these constructs. However, as it can be computationally
expensive to infer all the triples from a set given the richness of concepts that can be modelled in
OWL they have designed a set of profiles that implement a subset of OWL in order for an
implementation of a reasoner to have a finite computation time in most of the triple sets.
OWL-Lite
Is the smallest subset of OWL, it has the following properties and restrictions:







Requires separation between classes, properties and individual, no class can be an
individual.
The only class description available in OWL-Lite is IntersectionOf.
Cardinality restrictions on property values are binary.
Allows for the following value restrictions: owl:allValuesFrom, Owl:someValuesFrom
owl:Class is defined as a subclass of rdfs:Class
Allows for transitive properties, symmetric and inverse properties.

OWL-DL
OWL-DL allows all that is allowed in OWL-Lite, adding:



Other classes descriptions are available UnionOf, ComplementOf, IntersectionOf,
and enumeration.
Cardinality restrictions are not binary.

OWL-Full
OWL-Full lifts most of the restrictions set on OWL-DL, but its computational complexity is high and
there are few implementations of reasoners that can be used for this project. One of the most
interesting properties of OWL-Full that would be welcome in SIEGE is the lack of distinction
between Classes, properties and individuals, as that would allow for using classes as property
values which would allow us to express concepts such as ‘All students like information about
Arquitecture’ which is currently not possible in OWL-DL as all students would be a class and not an
instance of it.
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2.1.2.2 Comparison of data modeling and representation options
In the following table we compare the studied data modelling and representation technologies.

SIEGE
requirements

RDFS

OWL-LITE

OWL-DL

OWL-Full

Desired/Required
for SIEGE

Allows reasoning
over subclasses
Reasoning over
domain
and
range
Classes can be
subjects
and
objects
of
properties.
Allows
the
definition
of
classes
as
a
complement of a
set
Allows transitivity
for properties
Allows inverseOf
properties
There
are
available
reasoners
that
can be used in
SIEGE.

Yes

Yes

Yes

Yes

Required

Yes

No

Yes

Yes

Required

No

No

No

Yes

Desired

No

No

Yes

Yes

Desired

No

Yes

Yes

Yes

Required

No

Yes

Yes

Yes

Required

Yes

Yes

Yes

No

Required

Table 2: Comparison of available data modelling and representation options

As such we can see that both OWL-Lite and OWL-DL would be suitable for SIEGE, as the
capabilities present in both are those that are required by the project. However, OWL-Lite never
reached much popularity and there are very few reasoners available. Therefore, we have chosen
OWL-DL as our ontology definition language.

2.2 RELATED WORKS
The earliest work on developing a location-aware information delivery application was Cyberguide
[16] which was developed in 1996, Cyberguide was very interesting system that used PDAs and
infrared signaling to provide a museum visitor information about his current location. Cyberguide
used a very hard to implement network of infrared emitters in which each emitter delivered an
AM modulated frequency a PDA, by decoding these signals the device could determine its location
from an stored list of known frequencies. This system was a great idea and ahead of its time,
however the difficulty in installing the system due to the immaturity of mobile devices and the
need for a large network of infrared emitters limited its range to a few rooms at a building, and
the need for uncommon at the time PDAs made it unworkable as a large scale solution. As
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compared to SIEGE, Cyberguide does not allow for outside information sources, it also does not
allow for system initiated queries to alert the user of available information.
On 2000, Cheverst et al introduce GUIDE [17], a city-wide electronic guidebook that created virtual
city tours based on the user’s preferences and currently closed and open tourist attractions.
GUIDE used both personal and environmental contextual information to generate tours and
tailored its GUI according to the age of the visitor. GUIDE used an early version of Wi-Fi (WaveLAN)
to provide connectivity to end user’s devices and could push information to them. As compared to
SIEGE, GUIDE was not a pervasive application, and therefore required that the user actively
queried the system for information, also their approach was limited to city tours and the
geolocation component only worked outdoors, it is, nonetheless, an ingenious system that was
limited by the available technology of the time.
On An approach to providing a seamless end-user experience for location-aware applications [18]
Duri et Al provide a model for locating location based services at a site, based on user subscription
to services that the user needs and continuous evaluation of the current location by the means of
Location Domains, a tree like structure for geographic places that contained both the information
about the place, the services offered at the site and routing information between sites. This work
has greatly influence the feature model present in SIEGE. As compared to SIEGE, the system is not
pervasive and it does not allow for external data sources.
Another interesting approach to context aware information delivery is found on AmbieAgents [19]
on 2005, in this work the authors establish an architecture for information agents that is very
similar in approach to SIEGE, there is a distribution of context tags, implemented as Bluetooth 2.0
devices, the user uses a mobile device (PDA) to query information from the system and the system
employs a context aware model for the user that enables it to provide relevant information when
requested by the end user. As compared to SIEGE, the system required explicit interaction from
the user to query information, whereas SIEGE will deliver information without requiring user
interaction. Furthermore the information storage on AmbieAgents was completely closed, as it did
not link to external data sources but contained all the information that was to be made available
to end users. The proposed architecture has been of great inspiration on the development of
SIEGE.
On Mobile Querying of Online Semantic Web Data for Context-Aware Applications [20] , 2011 ,the
authors introduce SCOUT, a query engine designed to query RDF data in a context-aware fashion
on mobile devices, their approach is to enrich RDF subject with predicated that point to objects
nearby their physical location, and to have a query engine that converts user’s queries to SPARQL
queries on the server, with these queries they are able to issue queries such as: find all the
restaurants near my location. The biggest strength of their work is that they are able to link
various RDF stores available online and query them in a centralized fashion without having the
user explicitly state where to search. SIEGE has a very similar approach while integrating user
profiling and pervasiveness to provide relevant information without explicit user intervention.
A project with a very similar approach to SIEGE is WHAT’SUP [21], 2012. This project is a
development of an ontology and repository for finding events nearby the user’s current location
and an Android application for accessing such system. The system differs from SIEGE in that it
implements a set of web scrappers to feed their information repository with events on an
12

automated fashion. The system is designed for aiding tourists to find events on a city, which
implies that the information it needs to provide is less controlled that than provided in SIEGE, in
which we take a semi-controlled environment and therefore have much more access to
information about the site. An interesting aspect of their implementation is that it allows end-user
natural language queries which are dynamically transformed in SPARQL queries by a natural
language interpreter. As the system is design for visitors to a city it does not take into account the
users context to deliver relevant results but rather requires the user to formulate queries,
furthermore active user interaction is required for results to be given. On this project location is
based on GPS which has low accuracy in indoor scenarios but works well for outdoors.

Comparison of Related Works
In the following table we compare the reviewed related works and compare their achievements
with the objectives we have set for SIEGE.

SIEGE requirements

CyberGuide GUIDE Duri
et Al
Location based information Yes
Yes
Yes
retrieval
User role based information No
No
Yes
profiling
End-user-provided mobile No
No
Yes
device compatible
Pervasive system
No
No
No
Allows linking to external No
No
No
information.
Implementable in large scale No
No
Yes

AmbieAgents SCOUT WHAT’sUP SIEGE
Yes

Yes

Yes

Required

Yes

No

No

Required

Yes

Yes

Yes

Required

No
No

No
Yes

No
Yes

Required
Required

Yes

Yes

Yes

Required

Table 3: Comparison of available data modelling and representation options

We have included in this comparison the works that we have found to be closer to SIEGE on design
objectives. We would like to mention CoMobility [22] a project from 2013 that uses a Linked Data
approach to provide traffic routes and coordinate carpooling among users of the application. Even
if the design objectives of this work are radically different from those for SIEGE, the design
approach taken, integrating multiple Liked Data sources, using ontologies to model the data and
implementing an application for end users mobile devices that uses location data for optimal route
planning makes it a project of interest in the development of this work.
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3 SOLUTION STRATEGY
To present a high level vision of how SIEGE works, we present a contextualization of the proposed
architecture on Figure 1.
User Mobile Device
802.11b/g/n

WLAN Access Point

User
Bluetooth LE

Location Beacon

HTTP

SPARQL/HTTP

SIEGE Server

SIEGE Information Respository

Figure 1: High level overview.
The end user’s device will be a mobile device that has internet access and that is able to
communicate with the beaconing devices using Bluetooth LE. On SIEGE, the user interacts with
SIEGE’s server side components through his mobile device. The mobile device itself interacts with
the location beacons and WLAN access points deployed at the site. Server side components are to
be reachable via HTTP through a set of lightweight RESTful interfaces present at the server side
that allow for interacting and querying the information repository.
The choosing of RESTful interfaces for the server side interfaces on SIEGE allows for ease of
adaptability for further scenarios and easier use of load balancing using well-known web server
clustering configurations.
It must be noted that the location beacon devices deployed at the site do not actually transmit
information to end user devices other than their unique identification. This was chosen as to allow
other software to use the same location beacons in other applications and in order to have the
best possible battery life on beaconing devices as having a device transmit only its unique
identification number allows for simpler and more battery efficient devices. The physical location
of the beaconing devices is stored on the information repository and the user is located through
the querying of the information repository via SIEGE’s server side components.
In order to solve the challenges presented in the objectives of the project there are three main
aspects that will allow us to provide relevant information: modelling the universe of the presented
problem in an extensible fashion, modelling user’s roles in the site and creating an structure that
allows us to represent the spatial information in an open but semantically meaningful manner.
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For modelling the universe of the problem we have chosen to use RDF + OWL-DL as a data
representation model for SIEGE, this approach gives us the advantage of a high flexibility in
creating and documenting relationships between entities of the universe, as properties can be
sub-classed at will without the need to change the application structure to add metadata for
interpretation of these new relationships. As far as the application is concerned this new property
is simply a specialization of a modelled relationship, and can be seen as an instance of the
property that was sub-classed. This has the benefit of allowing us to grow the data modelling as
detailed as it can be wanted without having to sacrifice interoperability with deployed versions of
the mobile application.
Furthermore, using open standards to describe and store the information on the system allows for
having a single data storage solution that can be reused for many corporate needs, a new
developer can create applications that consume the data stored in SIEGE and transform it to his
needs, as the data is fully described by the ontology and its meaning is not left to ambiguity.
As we can use transitivity to model relationships that can be applied recursively to different levels
of entities in the world the definition, which is a real world property that is hard to model using
traditional data representation methods. The fact that a person has a father or mother also
implies that they have a parent, people with the same parents are related, the modelling and
querying these kind of hidden relationships would require changes in the data model of a
traditional data representation but would be trivial to model using an ontology.
Real world objects also have richer relationships than those normally at the start of an engineering
project. A real-world building can contain any kind of physical object that can exist in the universe
and can fit inside the buildings spatial confine. Physical objects can be contained on each other, be
near to each other or be part of each other. We should be able to store and understand all these
kinds of relationships and not to be limited to a system designer’s foresight when an application is
designed.
People are also highly dynamic, a person can be associated to a site through many kind of
relationships (to which we will refer as roles in SIEGE), and none of these relationships should be
more important than the other. A person can be a visitor or worker at a site, but can also be a
painter, an artist, a student of engineering, et cetera. A person’s role define the relationship
between a person and a site, if one wishes to deliver relevant information to a person all these
relationships should be taken into account, as what is relevant to a person is oft defined by his or
her roles. Furthermore, any individual can like some kinds of things by themselves,
notwithstanding their roles at a site and these users interests should be taken into account when
delivering information to them.
Information on SIEGE must be categorized, as a set of objects of information can be classified in
many fashions the set of categories that a bit of information is given should be open and
classifications should be user definable and as specialized or general the users wishes in order to
be able to reach the maximum amount of users for which the information is relevant when
providing them with information.
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class Component Model

SIEGE:
OfficeWorker

SIEGE:Person
-

SIEGE:Floor

firstName
lastName
userName

SIEGE:Student
SIEGE:Worker

contains
worksAt

SIEGE:Building

SIEGE:Teacher
SIEGE:
SpatialThing

SIEGE:
BuildingBlock

-

likes

name :String
URI :String
description
moreInfoAt

SIEGE:
Classification
-

URI
description

takes

classification
SIEGE:
LocationBeacon
-

Minor :int
UUID :String
Major :int

SIEGE:Room

SIEGE:
AbstractThing

isHeldAt
-

teaches
SIEGE:Concept

description

SIEGE:OpenSpace

SIEGE:TemporalThing
-

SIEGE:Ev ent

endDateTime :DateTime
startDateTime :DateTime

SIEGE:DictatedClass
-

startDate :Date
endDate :Date

Figure 2: High level data model

Therefore in modelling SIEGE we need to have a data model that allows for:






The representation of all the concepts related to real life object and abstract ideas that are
associated to these physical objects.
A representation of end users that allows for free association to many roles at the site and
an ontology that describes all of these roles so that this valuable information can be
reused latter.
A representation of a set of free association categories that can be applied to any kind of
information at the site.
A single information repository that allow us to build new applications and extend current
knowledge from the existing data without breaking backwards compatibility.

As such a high level, non-formal, data diagram for our desired data model is presented in Figure 2.
On this model we present the main entities in SIEGE and the primary relationships between the
individuals of these classes.
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On modelling the relevance of information we find a need to allow for each user role to have a set
of categories that are relevant to them. This represents a challenge in OWL-DL as users roles are
classes and in this OWL profile separation between instances and classes must be maintained.
Therefore in OWL-DL modelling a role (owl:Class) cannot have a relationship to a data category
(owl:Instance) in order to model this information we have followed W3C recommendation
presented in [23]. We have created a generic individual instance for any of the roles that
represents a generic person that has the role. This breaks our modelling perspective, as there is
not a real individual in each role presented by this generic person, but it is the best approach that
we have found so far to represent these kind of class to individual relationships. On Figure 3 we
illustrate this modelling approach.

SIEGE:WorkerGenericSIEGEPerson

likes

SIEGE:Art

likes
SIEGE:cjimenez

SIEGE:g.lyons30

Individuals from SIEGE:Worker Class

SIEGE:Music

likes

SIEGE:Enginerring

Individuals from SIEGE:Classification Class

Figure 3: Modelling example for likes.
The generic individuals are valid individuals on SIEGE but their meaning differs from all the others
individuals in the fact that they do not represent a person but rather an abstraction for all the
individuals
for
the
role.
Therefore
the
‘likes’
relationship
between
SIEGE:WorkerGenericSIEGEPerson and the individual categories represent an abstraction of a ‘like’
relationship between all individuals from SIEGE:Person and categories of information modelled in
SIEGE.
One of the main advantages of this modelling approach is that it allows unlimited nesting between
roles and individuals and between properties and individual. This means that as all roles are first
class citizens in SIEGE, when a person has a role is also part of all super classes to the role. This
allows us to have richness in information delivery, by getting the depth created by each recursion
in the transitivity relationship that a person has to a role we can have a measure of how near or
far that person is to that role.
Similarly as we wish to provide relevant information based on the spatial location of a person, we
also apply transitivity to the location containment property of objects, if a person is in room A and
this room is in building B we consider the person to be in A with a depth of 1 and B with a depth of
2. This allows us to have a metric of relevancy of information based on the spatial distance
between the person and the available information.
Information can be bound in space-time or unbounded, for example an event is bound in spacetime as its existence is determined by the interval in space-time in which the event takes place,
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and therefore events should only be considered relevant when they are about to happen or
happening.
Taking all this into account we can model the relevancy of an abstract idea to a person in a
location as:
(

)

(

)

(

)

(

)

(

)

Where:







: represents the abstract concept.
: represents the person.
: represents a location.
: represents current time.
(
) : represents the distance between the objects.
( ): is a function that assigns 1.0 to unbounded events or events that have
not finished yet and arbitrary low number to events that have finished. The function does
not assign 0 to avoid division by 0 errors.

As it can be seen this equation tends to 1 when the subject is close to the location, the concept is
close to the location and if the concept is bound in space-time the ending time of the abstract
concept. The equation tends to 0 when the distance between the person, location and category of
the abstract concept grows.
We believe this is a good and simple approach to measuring the relevance of a concept to a
person located somewhere, as it takes into account the location context, user context and current
time into account.
In the following section we present a formal description of SIEGE and detail the architecture to be
employed in the solving of the proposed problem.
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4 DESCRIPTION OF THE PROPOSED SOLUTION
4.1 SYSTEM CONTEXT DIAGRAM
Figure 4 describes the interaction between SIEGE’s components and external entities.
Data transformation
(ETL) to RDF

External RDF
Repositories

Mobile Application User

Link to more information
available on outside RDF
repositories

Get relevant information

Transforms data to the
approtiate RDF
representation.

Register in the system

SIEGE

SIEGE Administrator

Add or Update Information
in the system

Authenticate users against
the sites user directory

External Authentication
System

Used for user geolocation

Wireless Networks

Location Beacon
(BLE)

Figure 4: Context diagram for SIEGE

We define a Site as a geographic location, such as a campus or a building that contains features,
geographical points inside the site that have associated information on the system, for example an
auditorium or cafeteria that is inside the site.
The outside entities with which SIEGE interacts are:


Wireless networks that are sensed by the mobile application to determine location.



The user’s mobile device through a user installed application that displays the delivered
information to the system, the application will actively query nearby wireless networks
signal strength and beacon devices to deliver the system with the information that is
necessary to determine the user’s location.



External authentication system: system’s that allow the system to authenticate registered
users and provides additional information about them, examples of such sources are LDAP
directories and Microsoft Active Directory.
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External data sources: These information sources are RDF stores that are external to
SIEGE and that are linked in the internal RDF repository.

4.2 USER ROLES
On the design of SIEGE, we have considered the following roles for the actors for the system:


Visitor: A user who does not have a relationship with the site other than that he is visiting
it.



Administrator: The information’s site administrator.



Worker: A user that visits the site regularly and has a relationship to the site.



Operator: A user that works on the maintenance of the site’s Information management.

These generic user roles must be specialized according to the information needs of each site. In
the case of an academic institution we propose that the Worker role be specialized into Student,
Professor and University worker, which would allow customizing information delivery to these
kinds of users.

4.3 USER AND LOCATION CONTEXT IN SIEGE
For the purposes of this work we define context as a set of variables that provides us information
about the current user and location. When we talk about user context, we mean:


The user’s current location.



The user’s role in the site.



The user’s history of categories of information that was found interesting by him or her.
The application will monitor the information that was provided and will record the
categories of information that the user actively read, so that the user will be subscribed to
these categories for information distribution.



The current date and time. To determine if the user is subscribed to an event that is
currently taking place at the site.

About the location context we define it as the set of the following variables:


The list of events that are taking place or will take place at the site.



The location inside the site where each of these events are to be located.



The set of beacon tags installed at the site.



Information about each of the sites features.
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4.4 USE CASES.
SIEGE will consider the following use cases for the roles mentioned above:

Figure 5: Use case diagram for SIEGE.
The use cases are described below:


Register into the system: Will allow a worker to register onto the system so that his work
functions will allow the system to profile the user so that information relevant to his work
will be delivered to him.



Query relevant information at a site: The user (worker or visitor) initiates a query for
information on the site wherein he is currently located. On this use case the system will
determine the user’s current location at the site and will deliver information that is
relevant to the user about the site’s features and events that are near him.



System initiated information query: The system detects that the worker or visitor is near
the site’s features and that there is relevant information about them that is of interest to
the user according to his profile. The system then pushes this information on the user’s
mobile device.



Add information to a site: a site operator or administrator adds information about a site’s
features to the system’s Information management.



Add Wi-Fi measurements: a site administrator adds a set of Wi-Fi RSSI measurements to
be used in the system’s location algorithms.
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Determine location: The system determines a user’s current location at the site based on
the Wi-Fi networks that are visible to him and the Bluetooth beacons that are reachable to
him.

4.5 FUNCTIONAL REQUIREMENTS
Given the proposed use cases, SIEGE will have to fulfill the following functional requirements:


SIEGE must determine the user’s location with enough accuracy so that he can be located
at a feature at the site. The minimum location accuracy will be 12 m2 as this is the area of
an average office in a building. As such, SIEGE will implement a complementary system
based on Wi-Fi RSSI measurements and Bluetooth RSSI measurements to determine the
user’s location.



The system must be able to assign a role to a user. In SIEGE, all users will be considered
visitors to the site unless they are explicitly assigned a new role. The system will assign a
role to a user based on the information that is available on the external user information
sources.



The system must be able to profile a user so that relevant information will be delivered to
him. The system will constantly analyze the information that the user actively read or
actively queried to build a profile of his preferences in the delivery of information, and this
profile will be used to filter available information to tailor it to the user.



The system must be able to assign a relevance score to each of the available pieces of
information at a site and deliver only the information that is relevant to the user.



The site must be able to communicate with the end users’ device to alert that there is
relevant information that can be delivered to the end user.

4.6 NON-FUNCTIONAL REQUIREMENTS
The system must meet the following non-functional requirements to be able to be used to
implement SIEGE:


The system must be scalable to serve thousands of concurrent users, as the sites in which
an implementation of such system will be visited by thousands of persons daily, such as
universities’ campuses and large tourist attraction sites.



The system must make the linking of information from outside sources simple, as the
internal information repositories cannot contain all the information that is relevant to the
site’s features and more information is likely to be available in external information
repositories.



The system must require minimal infrastructure, as the site’s owners are more likely to
implement such system if the need for installation of hardware is minimized.
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The system must be compatible with as the top mobile platform, Android, as this platform
has over 80% of the current mobile market and this will enable the system to reach the
biggest quantity of users.



The system must minimize the power that is required on the end user’s device so that the
battery life of such devices is not perceivably reduced by the use of the application.

4.7 KEY DESIGN DECISIONS
After analyzing the functional and non-functional requirements for the system, we have reached
the following design decisions concerning the modeling of SIEGE.


The information of SIEGE will be stored as RDF [24] triples, as this will allow the system to
easily link to outside information sources such as DBpedia [25] and Freebase [26],
following the principles of Linked Data [27].



The indoor positioning of the end users’ device will use Wi-Fi based positing and Bluetooth
RSSI positioning, based on the modelling of signal degradation at 2.4 GHz presented by
Bose et Al in [3] and enhanced by the use of a fusion of sensors available on the end users’
mobile device according to the model presented by Shala et Al in [28].



In order for the site to be able to communicate with the end users’ devices without
requiring user interaction, while minimizing battery usage at the device, we have chosen
Bluetooth 4.0 LE [29], as the network of tags that will be installed as beaconing devices at
the site’s features, the technology was chosen due to the high penetration on mobile
devices and the fact that is the only current technology in which a mobile device can
subscribe to listen to broadcast signals from the active tags.

4.8 DEPLOYMENT DIAGRAM
On Figure 6 we present the deployment diagram for SIEGE.
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SIEGE Server

«device»
Mobile Device
*

«artifact»
Mobile Application

<<Protocol>>
TCP 8080
*

*

«execution enviorement»
Web Server
«artifact»
SIEGE Server Application

Triple Store
«artifact»
Ontology

<<Protocol>>
TCP 80

«execution enviorement»
Tomcat Server

<<Protocol>>
Bluetooth LE
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*

«device»
Bluetooth Tag

Figure 6: Deployment Diagram for SIEGE

4.9 PROPOSED COMPONENT DIAGRAM
Taking into account the considered use cases, functional and non-functional requirements and key
design decisions, we present in Figure 7 the proposed component diagram for the implementation
of SIEGE, this diagram illustrates the main component and classes that must be implemented for
SIEGE to be able to support all the system requirements.
We now present some details about these components previously mentioned.


The Geolocation Engine: This component is responsible for estimating the geolocation of a
user based on RSSI measurements made by the mobile application at site; the component
accepts a list of signal strength measurements from Wi-Fi access points and visible
Bluetooth tags and will estimate the user’s location. This component is also responsible for
the storage of information about measurements of signal strength with associated
geographic location by site operators that will work as the source of data for being able to
locate a user. This component will use either fingerprinting algorithms or trilateration to
determine the location based on the quantity of stored information about each location.



The Information management component: This component is responsible for the storage
of information about each of the sites’ features and events. For each site, there will be a
set of site’s features, each of which will have a set of associated pieces of information in
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the form of RDF triplets and a set of events. These pieces of information will also be
associated with a set of categories that will be used on queries to determine the relevancy
of information for a user. As we have based our solution on the principles of the semantic
web and Linked Data, we have picked the standard RDF as a form of information exchange
and storage; this will allow us to link to well-known information sources on the web
programmatically through the usage of equivalence expressions. The used information
repositories will be internal to the application and external information repositories linked
through RDF statements.

Figure 7: Component Diagram for SIEGE



The internal information, The RDF store, repository will feature information about each of
the sites features and event at the location, the information about the sites features will
be stored according to the Geonames RDF schema, events will be stored according to the
RDF calendar schema and information about people will be stored according to the FOAF
vocabulary. Information about sites will be expanded through information stored as
defined in the dbpedia ontology, and by linking external RDF stores.



As some of the sites visited will public sites, we propose that the entries for each of these
subjects be explicitly linked to the RDF graphs at dbpedia and Freebase, as these are the
most highly linked RDF repositories and contain many links to outside sources. These RDF
stores will work as information hubs in the context of SIEGE.



The user profiler component is responsible for maintaining information about each of
SIEGE’s users and roles. For each user there will be an association with a set of roles. A
role is to be subscribed to a set of categories of information by the site’s administrator and
these categories will be relevant for each of the users that belong to that role. Each user is
associated with a set of categories of interest that are relevant to the user; these
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associations are created dynamically by the system based on the information that the user
actively queried for or actively saw on the mobile application.


The query engine is the component that is responsible for accepting queries for relevant
information from the users’ mobile devices. When a query is issued by a mobile device this
component will use the profiler component to get information about the user, will use the
geolocation engine to pinpoint his location and will determine which of the information
stored on the Information management is relevant to the user given his current context.
This component will then return this information to the mobile application so that the
mobile application can generate alerts if the query for information was started by the
application itself or show the information at the mobile devices display device if the query
for information was started explicitly by the user.



The Mobile application is to be installed at the end user’s device. This application will run
as a daemon on the device and will actively communicate with the query engine to find
relevant information to display to the user. The mobile application will work as a pervasive
application, meaning that no user intervention will be necessary for it to query for
relevant information and it will generate ringing or vibrating alerts on the end user’s
device if information of interest to the user is available. The mobile application will also be
responsible for communicating with the geolocation engine information about visible WiFi networks and ask the user for their geographic location when it is used by either a site
operator or site administrator to feed the set of available information points to be used
for geolocation.

On the following section we detail the design of each of those components.
4.9.1 Geolocation Engine
The geolocation engine is the SIEGE component that is responsible for persisting and querying
location related data. This component is used internally by SIEGE to resolve a set of WLAN or
iBeacon measurements to a known location inside the site. This component is also the responsible
for the persistence of WLAN measurements with a known location to the RDF datastore.
This component is implemented as a set of PHP classes and is stored in a web server. As such it is a
RESTful API, accessible via GET/POST requests to the server. This component is instanced by the
query engine to resolve a user’s location.
The full class diagram for this component is shown on Figure 8, it comprises the following classes:




GeoLocationEngine: This class is responsible for the persistence and querying on location
data and WLAN and iBeacon location for known beacons. It also allows for associating a
beacon to a URI through the ‘contains’ relationship.
Location: This class contains a URI for a known location and the depth of transitivity
properties used to get this location. When SIEGE gets location information from a set of
measurements it does not only return the location of the object but rather a list of
locations in which the object is located with a varying depth each time the contains
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relationship transitivity was traversed; e.g. if a beacon is located in a room that is
contained in a building it would return the URI of the room with a depth of 1 and the URI
of the building with a depth of 2 and so on until having transversed the property.
WifiAccessPointReference: Represents a measurement of RSSI of a WLAN access point at a
known location.
WifiAccessPointMeasurement: represents a single measurement of RSSI by a mobile
device.
LocationBeacon: represents a single iBeacon.
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Figure 8: Class diagram for the Geolocation Component
4.9.2 Information Management component
The information management in SIEGE is the sole responsible for interacting with the RDF triple
store. It is concerned with the fetching and persistence of information in RDF form. This is the
component responsible for running SPARQL engines.
The class diagram for this component is present on Figure 9. The following classes are
implemented on this component:




InformationManagement: This class is responsible for the persistence and deletion of RDF
data, loading of ontologies on the triple store. And for resynchronizing the ontology and
data when a new ontology is loaded on the system, so that the reasoner can reason on the
new statements present on the ontology.
SPARQLQuery: This class represents an SPARQL query to be run on the triple store.
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Triple: This class represents a single RDF statement.
ResultObject: As a SPARQL query can retrieve information in a user definable manner, this
class contains a serialized JSON representation of a result, according to the query
definition.

Figure 9: Information Management Class Diagram
4.9.3 User Profiler component
This component handles all activities related to the user representation in SIEGE. It allows for the
creation of users, the storage of categories of information that a user has viewed and the querying
of user classes so that the query engine can retrieve relevant information for such user.
Its class component is shown on Figure 10. It contains the following classes:






UserProfiler: this class is responsible for querying a user’s object, it also is responsible for
adding categories that the user has found interesting to the RDF triple store through the
Information Management module.
User: Represents a user in the system.
LikedCategories: represents a category of information that the user has explicitly liked in
the mobile application or that the user implicitly likes through his user role.
UserRole: represents a role that the user has been explicitly or implicitly been assigned in
SIEGE.
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Figure 10: Class diagram for User Profiler Component.

4.9.4 Query Engine
The query engine component is the single point of entry to the server-side components of SIEGE
from the mobile application.
The mobile application is implemented through the classes present in Figure 11. These classes are:




QueryEngine: This class receives information queries from the mobile application. Upon
receiving a request from a mobile user device it will use the User profiler component to
fetch information for the user, it will use the Geolocation component to determine the
user’s current location, then it will get all the available information for those categories
that the user either implicitly or explicitly likes from the results of the User profiler
component. The class then proceeds to weight each part of the information and assigns a
value to each bit of information that could potentially be presented to the end user.
Afterwards, the class will select the top 10 results and format them as HTML. It will notify
the mobile device the URL from which it can fetch the HTML document.
HtmlFormatter: this class creates an html representation of the results gathered from the
Query Engine. It has formatters available for the Person, TemporalThing, SpatialThing and
Concept classes. These formatters convert the RDF representation of the object to an html
document that can be rendered at the mobile application.
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Figure 11: Class Diagram for Query Engine

4.9.5 Mobile Application
The mobile application is SIEGE’s end-users point of entry to the system. It allows them to query
information about sites in which they are located. This component is implemented as an Android
application for Android API 19 or higher level devices.
This application works as a service in Android devices and constantly listens for transmissions from
nearby location beacons in the background and requests data to the server-side query engine
component. A data request consists of a list of visible beacons and the URI for the current user.
The server will respond this request with a URL that the application will display to the end user.
The document served by the server will have a parsed html representation of the information to
be displayed to the end user.
The mobile application is implemented through the classes present in Figure 12. These classes are:


BLEService: This class implements a background service that is initialized when the
application starts. This service listens for BLE beacons on the background and requests
data from the SIEGE server side components. Whenever new information has been
retrieved from the server this class creates a notification on the Android notification
drawer. This notification launches the main user interface and displays the information to
the end-user. When the main GUI of the application is on the foreground this service scans
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for BLE devices with a rate of 1 scan per second, when the main GUI is not visible the scan
rate is lowered to a 15 second long scan each 3 minutes to save battery power on the
mobile device.
DataViewActivity: This is an activity that contains the main user interface for the
application. It contains a Webview that displays the content fetched from the server when
the BLEService class has successfully queried and the server has sent back a URL for
fetched data. This activity is the main user interface displayed in the mobile application
when the user has registered into the system.
RegistrationActivity: This activity is the user interface in the first launch of the application.
It allows the user to authenticate to SIEGE against an LDAP directory and to create a user
identity for the user. As the user is represented as a URI in the server side, the user must
go through this registration in order to create his or her identity on the server side. The
user registration is stored in a local SQLite database on the device.
LocalDBHelper: This is a helper class that handles all the reads and writes to the local
database. It is used by the RegistrationActivity to store the username and URI for the
registered user and used by the BLEService class to get the stored user identity for
querying the server components.

The BLE service is implemented through the use of the Android iBeacon Library [30], an open
source Android library that implements functions and classes related to scanning and
recognizing iBeacons in Android devices.
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Figure 12: Class diagram for the Android Application

4.10 RESTRICTIONS




The operating system for the user’s mobile device will be Android, versions 4.3 and above.
The user’s mobile devices must have internet connectivity.
The application will support up to 5000 concurrent users.
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The implementation of the system for the purposes of this thesis will be able to provide
information about building ML at Universidad de los Andes, in Bogota, Colombia only.

4.11 INFORMATION MODELLING AND LINKING
As SIEGE offers a general and non-context specific information storage and query system, the
information contained wherein shall be stored as an RDF graph. This has the following
consequences:




The information model is descriptive, not prescriptive, and therefore the classes and
relationships here described must be seen as those minimally required for SIEGE to
implement the design objectives and not all that shall be used within implementations of
SIEGE.
The information contained in SIEGE cannot be fully described as a closed set of classes that
contained attributes and relationships to other classes, as these are completely flexible
and can be changed.

As such, the following is the minimal classes that are necessary for SIEGE’s implementation and
that are required so that the system can provide information for end users.
4.11.1.1 Modelling People
For modelling people we have decided to subclass foaf:Person, from the Friend of a Friend
vocabulary [31], as it is the most popular vocabulary in RDF for describing people. We see this as
an advantage as it allows us to interact with external RDF stores using only owl:SameAs
relationships.
The inferred RDF graph for SIEGE:Person is shown on Figure 13.

Figure 13: Class graph for SIEGE:Person
We have subclasssed foaf:Person to account for the different roles people may have in SIEGE. And
therefore the following are the classes that model people.
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SIEGE:Worker: This class models people who have and established relationship to the site,
and therefore are vested on information that is relevant for those that will have frequent
access to the site. The class SIEGE:Worker is further subclassed as: SIEGE:Student, a
person who studies at the institution, SIEGE:Teacher, a person who dictates at least one
class at the institution and SIEGE:OfficeWorker, a person who works at the site but is
neither a SIEGE:Teacher nor a SIEGE:Student.
Except for SIEGE:Student, these relationships are not to be linked as properties of the
subjects directly, but rather are to be reasoned according to the domain of the properties
that link people to the site. Therefore, the ontology defines that a SIEGE:Teacher is any
SIEGE:Worker that has a property
‘teaches’ to a SIEGE:Class instance. A
SIEGE:OfficeWorker is a SIEGE:Worker who is neither a SIEGE:Student or SIEGE:Teacher. A
SIEGE:Student must be manually defined as currently there is no data source for the
project that will allow us to link students to classes they attend automatically which makes
reasoning over classes attended by students in order to define them as SIEGE:Student an
incomplete set.
SIEGE:Visitor: This class models a visitor to the site, the ontology defines this class as those
SIEGE:Person who are not an instance of SIEGE:Worker.

In subclassing foaf:Person as SIEGE:Person, all the properties defined by the FOAF vocabulary are
available to be used in SIEGE, and furthermore establishing owl:SameAs relationships between any
to foaf:Person will allow us to extend the SIEGE graph with outside information from other RDF
graphs without any need to modify the internal logic and SPARQL queries that SIEGE uses to bring
back information on the subjects.
We have also added the following data properties to SIEGE:Person that are useful for modelling
people in SIEGE.


SIEGE:id, an alphanumeric Literal that contains a unique identifier for the person in SIEGE.
In the case of workers, it will be their email addresses on the site. For visitors a random
alphanumeric identifier will be generated.

4.11.1.2 Modelling spatial things
These classes describe spatial things; these are non-living objects that can be described as existing
in space. This does not mean that the spatial location of an instance must be known in the graph,
just that a spatial location for the instances of this class must be able to be known. Examples of
SpatialThings would therefore be buildings, offices, cafeterias and even coffee machines.
As in the real world there is a sense of containment: most SpatialThing’s instances can contain
other SpatialThing instances, this fact is modelled as the transitive property ‘contains’ and its
inverse ‘isContainedIn’, which will allow us to step through the graph of SpatialThing instances in
order to find a common ancestor between instances. Therefore we can say that a campus contains
a building, such building contains a floor and in such floor is contained an office.
In modelling SIEGE we have decided not to limit the domain and range of the ‘contains’
relationship to that which would be natural in the real world, for example in SIEGE modelling a
coffee pot can contain a building. Even though this might seem unnatural restricting these
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relationships between objects as it would be restricted the real world would cause problems with
reasoning: if we were to say that only a room or floor can contain coffee pots, and in the
uncertainty that a spatial location for an instance of a coffee pot where located in an unknown
location on a building, it would be logical to say that the coffee pot is contained in the building.
However, this would imply that the building is either a floor or room or both, which would be
logical fallacy introduced in the model through the inference rules in Owl reasoning.
The RDF graph for SpatialThing is shown on Figure 14.

Figure 14: Class graph for SpatialThing
Subclasses of SpatialThing include:









SIEGE:OpenSpace, a class that models an open space, it is advisable that it contains a
description (inherited from the owl:Thing class) property that describes any aspect of
information about the space that is relevant to any users of SIEGE.
SIEGE:BuildingBlock: A collection of buildings that have a logical relationship to each other
of any kind, for example a university campus.
SIEGE:Building: An edification, any closed space in which SIEGE:Persons may dwell or
objects may exist.
SIEGE:Floor: a floor in a SIEGE:Building, a vertical strip of a building.
SIEGE:Room: a closed space inside either a building or a floor. These are subclassed as
follows:
o SIEGE:ClassRoom: a SIEGE:Room in which at least one SIEGE:Class is held
(SIEGE:Class is part of the SIEGE:TemporalThing family of classes and will be
described further on). This class membership is defined by the domain of the
SIEGE:hasClass relationship.
o SIEGE:ComputerRoom: a SIEGE:Room that contains computers. This class is to be
inferred by the kind of events that take place on the SIEGE:Room.
SIEGE:LocationBeacon: Model a physical object that acts as an location beacon device. This
class will allow us to pinpoint the location of a user through his detection of a collection of
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beaconing devices. The class itself will contain as data properties the unique identifier of a
beacon device. In order to be able to reason on the location and meaning of an instance of
a beaconing device it must be contained by another SpatialThing, as beaconing devices
merely identify themselves.
4.11.1.3 Modelling Abstract concepts
This family of classes model abstract concepts that have no spatial representation. Therefore all
the concepts associated with a SpatialThing must be instances of AbstractThing, which allows us to
decouple the existence of a physical object from its location in space. Take for example a
university class, even though it is held at a space it existence is not defined by being held at such
space and therefore the knowledge of the existence of such a concept must be able to exist
notwithstanding the fact that it may be held in a space.
The RDF graph for AbstractThing is shown on Figure 15.

Figure 15: RDF graph fot AbstractThing.
The main subclasses of AbstractThing are:
o

o

o

SIEGE:Category, a free categorization of knowledge. It can be linked to further
SIEGE:Category to establish a hierarchal categorization of information present in SIEGE.
The class SIEGE:Person and its subclasses establishes links to categories of information
which a user in such classes likes by default, and each instance of a class can also be linked
to SIEGE:Categories that the user itself likes. This allows us to shape information delivery
according to each user’s class in SIEGE. A SIEGE:Category that is liked at instance of
SIEGE:Person level is scored more highly that one which is liked by his SIEGE:Person class
by inference, and higher still that those SIEGE:Category that are liked by inference by
those ancestors of his lower subclass of SIEGE:Person. Therefore the categories of
information to be delivered to the end user are derived from his instance of SIEGE:Person
and the information that is to be inferred from the superclasses of SIEGE:Person to which
he belongs.
SIEGE:Concept: information about something in free-text. Any kind of description in
SIEGE’s ontology. In order to be able to be queried by end users it must be linked to at
least one SIEGE:Category.
SIEGE:Organization, an abstract container for all the physical objects that may exist in any
space. It models concepts such as a University, Enterprise or Corporation.
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o

SIEGE:TemporalThing, the main class in SIEGE to contain any kind of information that is
bound in an interval of time, such as events, classes et cetera. A TemporalThing must
contain at least a starting and ending dateTime, and should be linked to the SpatialThing in
which the event is held at through the property ‘isHeldAt’. The domain of the object
property ‘isHeldAt’ implies that any owl:Thing that is referenced through this property
must be a SIEGE:TemporalThing, so care must be taken that when a TemporalThing is
inserted into the graph model it must contain an start and end date. This class is further
subclassed as:
o SIEGE:Event, an atomic event that is contained completely in the interval of time
between its starting and ending date.
o SIEGE:DictatedClass, a repetitive event that models a class that is held repeatedly
held at some time interval through an starting and ending date.

As such we have described the main classes present on the SIEGE data model, on the following
section we shall describe the relationships and reasoning between these classes.

4.12 INFORMATION QUERYING
In order to deliver relevant information on SIEGE we exploit the reasoning capabilities built in the
RDF triple store. SIEGE implements an OWL-DL [32] ontology. Which allows us to use the inferred
tuples in order to find out what kind of information must be delivered to the end user.
As such the first need that arises in delivering information is to pinpoint the physical location of
the user. This is implemented by the mobile application which is constantly listening in the
background for signals from the Bluetooth LE beacons dispersed throughout the site. The mobile
application notifies the query engine of each visible beacon and timestamp in which the beacon
was detected through an exposed web service at the query engine endpoint, the information that
is to be transmitted to the web service is: The mobile user’s identification within SIEGE, which is
stored locally at the mobile application and a list of beacons detected including their major and
minor identification numbers, received signal strength and a timestamp of detection time.
The query engine then proceeds to derive a physical location hierarchy for the end-user, meaning
the graph that contains an RDF structure of where the user is located, with each lower level of the
graph signifying a more precise geolocation for the end user.
After having being issued this graph by the geolocation engine the query engine then proceeds to
query the RDF graph for the set of SIEGE:Category of information to be delivered to him. With
each lower depth of the inferred set of SIEGE:Category having less importance than those on the
higher level inferred from the user’s set of subclasses of SIEGE:Person.
Having obtained the categories of information to be displayed to this particular user the query
engine proceeds to query all the information that is linked to the set of SIEGE:Category retrieved
for this end user and that is occurring or to occur on the set of SIEGE:SpatialThing that is retrieved
by the Geolocation Engine.
Finally the query engine will order the retrieved set of SIEGE:AbstractThing retrieved by this last
query according to the weight of each SIEGE:Category and deliver and build a temporal file on the
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server that contains all the information that is to be displayed to the end user. This finishes the
process on the server side.
The query engine then issues a notification to the end user via the Google Cloud Notification
service which is sent to the end user’s device. This notification contains the URL for the file that
contains all the information that is to be presented to the end user.
The user’s mobile application retrieves this file and notifies the end user that new information is
available via a notification at the mobile device. The end user must then proceed to open or
dismiss the notification to be shown the delivered information.
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5 IMPLEMENTATION AND TESTS
In this section we describe the results and experiences of the implementation process. First we
describe the software and hardware platforms in which SIEGE was implemented, next we describe
how each of the proposed components was implemented and the challenges that were
encountered during their implementation and finally we present the results for the tests that were
performed to verify that the functional and non-functional requirements for SIEGE had been
correctly implemented.

5.1 DEVELOPMENT PLATFORM
The mobile application has been developed using the Eclipse version that is bundled with the
Android SDK [33] version 20131030. The Android API Level used for the development and testing
of the project was API Level 19, which corresponds to Android Version 4.4, released in late 2013.
The version of the Java JDK used on the development of the mobile application was Sun Java SDK
version 1.7.0.25.
The server side components where developed as PHP classes using Eclipse PHP and were tested
against a server running PHP 5.3. The developed classes are to be compatible with PHP 5.2 or
better versions.

5.2 DEPLOYMENT AND TESTING PLATFORM
The mobile application was deployed on a Motorola Moto G running version 4.4.2 with Linux
kernel version 3.4.0. The operating system of the phone was build KXB20.9-1.8-1.4, released by
Motorola on December, 2013.
The server side components were deployed on an Apache web server running Apache 2.4 on a
machine running the Ubuntu Linux distribution version 12.04.4 LTS. The triple store was
implemented using OWLIM-Lite 4.3 running as a plugin to an OpenRDF Sesame 2.7.11 web
application. This web application was hosted on an Apache tomcat application server running
Tomcat 7.
The server side components where deployed on a VMware server machine with an assignment of
12 GB of RAM and 2 cores on a Xeon 5405 virtualization host.
The ontology was developed and verified using Protégé 4.3, using Hermit 1.3.8 as a reasoner for
the inference of classes and properties. Test individuals where added directly to the ontology to
test the reasoning capabilities and inferred properties and superclasses.

5.3 IMPLEMENTATION PROCESS
On this section we describe the implementation process for each of the components of SIEGE and
the challenges of developing each component.
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5.3.1 Implementation scenario
SIEGE was implemented as a case study at Universidad de los Andes in Bogota, Colombia, as such
it contains the following information about the university classes and events on the
implementation.







Information about the offices, rooms and locations in the ML building.
Information about the classes dictated by the teachers at the Systems and Computing
Engineering department. Including the location in which such classes are held and their
schedule.
Information about the office locations for workers at the ML building, in which the
Engineering department is located.
Information about the schedule of classes at the computer labs that are located in the ML
building.
Information about events held in the ML building’s auditorium between April and May of
2014.

This information was collected manually and converted manually to an RDF representation. It
amounts to a total of approximately 10000 triples stored in the triple store. This information will
be used in order to test the system against the proposed design objectives.
A set of StickNFind location beacons was acquired in order to implement the location beacons
mentioned in the design of the system. These location beacons where reprogrammed to be used
as iBeacon devices through the development of an application that used StickNFind proprietary
API to reprogram these devices to function as iBeacons.
These location beacons where not actually deployed at the site due to time constrains but where
used stand alone as testing beacons to simulate their functioning when physically installed.
The WLAN network present at the site used auto configuration of transmission power for all the
access point devices, and therefore was unsuitable to use them in SIEGE for indoor location
purposes, given that the model for WLAN geolocation required the transmission power in order to
estimate distance and this information is not public nor available.

5.3.2 Android Application
The Android Application was the first component developed for SIEGE. In order to test this
component dummy server-side components that sent the same kind of responses expected from
an implementation of SIEGE where developed.
The main challenge faced during the development of the Android application was the lack of
previous experience with Android development, which made the implementation of this
component longer than those allotted during the project planning.
One interesting aspect of Android application development learned during the development
process is that Android frequently garbage collects and destroys running services even if the
device has plenty of RAM memory available. As such the application’s BLE monitoring service was
designed to run as a foreground application even when not being visible on the end-user screen.
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Even though this practice is discouraged by the Android development it is the best solution to
assure that the service is not killed unless the amount of RAM in the device is critically low. In
order to scan periodically when the end-user device’s screen is off, a periodic wake up timer had
to be implemented in the application which wakes up the main processor and runs the task.
5.3.3 Ontology development
The second component that was developed for the implementation of SIEGE was its ontology.
Even though the development of ontologies appears relatively simple care must be taken in the
design of the logical rules that are used by the reasoner to derive triples from the existing data.
As RDF has at is core an open-world assumption the logical rules that we frequently use to derive
information on traditional data model design are not necessarily true in OWL. Therefore the main
challenge on the implementation of the ontology was to test each logical statement against test
individuals to check if the expected inferences could be made from the assertions on OWL and to
correct outliners and logical rules that led the reasoner to have unexpected results.
5.3.4 Choosing and RDF triple store
As of 2014 there are many triple stores available on the RDF market, the most popular ones being
OpenLink Virtuoso [34], OpenRDF Sesame [35] and Apache Jena [36] . Of this triple stores only
Virtuoso supports limited reasoning with OWL ontologies, but it can only reason on some
assertions and does not even support the full OWL-Lite profile. Apache Jena supports reasoning by
using external reasoning applications, but it performance is slow and has problems loading large
ontologies as measured by Bock et Al. in [37]. Therefore after studying the benchmarking results
presented in this article we have decided to use OWLIM-Lite as a reasoner. OWLIM-Lite is a free
but not open source reasoning engine for the OpenRDF Sesame triple store. The OWLIM-Lite
reasoner can only work on in-memory RDF stores but we will allow this limitation as it can be
easily upgraded to OWLIM-SE, a commercial version of OWLIM, which allows reasoning over indisk triple stores.
The installation and configuration of the triple store did not present major challenges in the
development of SIEGE as it can be used through a SPARQL 1.1 endpoint.

5.3.5 Information Management component
The information management component is developed using the ARC php library, an open-source
library for interacting with triple stores through SPARQL.
One of the main challenges was the modelling of result sets, as a SPARQL query can yield user
definable results we have decided to model the result set as a JSON document and to allow for the
Query Engine to interpret the results according to the query.
5.3.6 Geolocation Engine
We decided not to implement WLAN based location for this case study implementation. We made
this decision based on the fact that the test site, Universidad de los Andes, implements dynamic
power management for its WLAN infrastructure and therefore WLAN based geolocation cannot be
reliably implemented for the site. Furthermore the implementation and testing of WLAN based
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geolocation would have slowed down the development process and hindered the scheduled
deadline for the project. The implementation of iBeacon-based location resolution went smoothly.
5.3.7 User Profiler component
The user profiler component was implemented according to the proposed classes. There were no
major issues in the implementation of this component.
5.3.8 Query Engine
The implementation of the query engine posed a great challenge for the development of SIEGE. As
it can be seen from the class diagram this is the single most important server-side component, as it
is the main entry point from the user-side.
The main difficulty in the implementation of the user profiler was the creation of SPARQL queries
to retrieve information from the triple store, as the developer had little prior exposure to this
query language it proved to be a challenge in completely understanding its logic.
Once the SPARQL queries had been developed, the next challenge was to develop a set of HTML
formatters for the information stored on the triple store that was generic enough so that all the
information stored subclasses descended from the main classes proposed by SIEGE could be
represented in a manner that was specific enough to the class so that the information would be
presented in a user-agreeable manner but generic enough so that the code for creating the HTML
representation could be used across many subclasses.

5.4 TEST RESULTS
On this section we describe the tests that where performed on the implemented system in order
to assure that the design objectives and functional and non-functional requirements had been met
by the implementation.
Test 1: Communication between location beacons and mobile devices using SIEGE’s mobile
application.
Type of test
Functional
Objective
To test if a mobile device that has SIEGE’s
mobile application install can detect location
beacons and return their unique identifier.
Scenario
The mobile application has been completed,
server side components are available.
Steps taken
Install the mobile application in an Android
device.
Start the application.
Monitor for location beacons detected on
Android system log (logcat)
Expected results
The android system log reports that the nearby
location beacons have been detected.
Actual results
Successful.
The application can report and get UUID, Major
and Minor from nearby location beacons.
Observations
On this scenario we tested that the deployed
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application could detect location beacons. This
was an early test during the development of
the solution that was made to ensure
compatibility between the chosen beacon
devices and the implanted detection code.
Test 2: User registration and profile determination.
Type of test
Functional
Objective
To test if a user can register to the system with
his Uniandes ID. The system must check his
username and password against the
university’s LDAP server. If the user is a teacher
and has assigned classes or a worker who has
an assigned office, the system must determine
his role at the location.
Scenario
The mobile application has been deployed,
server side components are available, LDAP
directory has been integrated.
Steps taken
Install the mobile application in an Android
device.
Start the application.
Register to SIEGE with a Uniandes username
and password.
Expected results
The system checks authentication against the
university’s LDAP server, if such authentication
is successful a set of triples is created on the
triple store that describe this user.
If the user has an assigned office or dictates a
class, the system must infer that he is either a
SIEGE:Worker or a SIEGE:Teacher.
Actual results
Successful.
The application was able to authenticate the
user against and LDAP directory and infer a role
when one was available. The test subjects
where g.lyons30 (an office worker and student
at the university), cjimenez (a teacher at the
university) and aabbccdd, a non-existent
account.
Observations
This test scenario is meant to test reasoning
abilities of SIEGE over the domain and range of
the ‘teaches’ and ‘worksAt’.properties. This
allows us to determine the subclass of
SIEGE:Person in which a new subject should be
enrolled.
The system creates triples for new users if
there is no previous information about them on
the triple store. If the user is known due to him
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having an office or a class at the university, his
URI is reused and more information from the
LDAP directory is added as triples.
Test 3: Beacon location determination.
Type of test
Objective

Scenario

Steps taken

Expected results

Actual results

Observations

Test 4: User ‘likes’.and role based ‘likes’
Type of test
Objective

Scenario

Steps taken

Functional
To test if a user can be located in the site given
that his mobile device can detect a set of
location beacons.
Server side components are available. The
beacon that is used for testing is associated
with the site via an ‘isLocatedAt’ relationship.
A query is made against the server side
components to query for the location of a given
beacon by its major and minor numbers.
The system returns a JSON array that describes
the location of the beacon from most specific
to most generic, assigning an incrementing
value to each location that contains a more
specific location.
Successful.
The system is able to locate the beacons and
return the expected array.
This test scenario was developed to test
transitivity of the ‘contains’ relationship and
the ability of the system to determine the
location of a beacon with varying degrees of
certainty using this relationship. As we need
this information in querying and returning
relevant to spatial location information.

Functional
To test that given a user that is assigned to a
role, and a set of categories is assigned to such
user and a set of categories is assigned to the
generic user that presents the roles ‘likes’ the
system can determine a set of ‘likes’ for the
user based on personal ‘likes’ and role ‘likes’
Server side components are available. The user
is assigned to a role. The generic role user for
the role must be created. A set of categories
must be linked through the ‘likes’ property for
both user and generic role user.
A query is made against the User Profiler
component with the test user URI.
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Expected results
Actual results

Observations

Test 5: Location based information query.
Type of test
Objective

Scenario

Steps taken
Expected results
Actual results
Observations

The system returns both the implicitly and
explicitly liked categories of information.
Successful.
The system is able to locate to return the
categories that the user and role generic user
‘likes’.
This test scenario was developed to test the
functionality of the generic role users and the
linking of users to ‘liked’ categories.

Functional
To test if given a set of categories and a set of
SpatialThings, the system is able to return all
the AbstractThing objects that are linked to
these locations.
Server side components are available. The user
is assigned to a role. There are AbstractThing
objects linked to some of the SpatialThings that
are given in the input.
A query is made against the Query Engine with
a set of categories and locations.
The system returns all the information linked to
those categories and places.
Successful.
This test scenario was developed to test the
query engine component.

Test 5: Complete user and location based information query.
Type of test
Functional
Objective
To test the full application functionality from
the end user device.
Scenario
Server side components are available. The user
is assigned to a role. There are AbstractThing
objects linked to some of the SpatialThings that
are given in the input. The user exists and is
profiled.
Steps taken
The mobile application is started near a
location beacon. A query for user relevant data
is started.
Expected results
The system returns all the information linked to
those categories that the user ‘likes’ and places
in which the location beacon is associated to in
the triple store.
Actual results
Successful.
Observations
This test scenario was developed to test the
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integration between components and the
mobile application.
Test 6: Triple loading
Type of test
Objective
Scenario
Steps taken

Expected results
Actual results

Observations

Non-functional
To test the capacity of the triple store to load
and reason over triples.
The triple store is functional.
Test files of 100k, 1 million and 10 million
triples are loaded. A query is made against the
triple store to test functionality.
The triples are loaded in the triple store.
Failed
The test files with 100k and 1 million triples
could be loaded. The test file with 10 million
triples could not be loaded.to the triple store.
The system was able to reason with 100k
triples, when reasoning with 1 million triples
the Tomcat server that holds the triple store
crashed.
The system is not scalable to high information
densities as it is limited by the chosen triple
store to reason over triples that can be loaded
on main memory.
Even if all memory was not consumed by the
loading of 1 million triples, the reasoned
component of the triple store crashed when
querying the loaded data set.
The loaded dataset contained many copies of
the dataset used in production, varying the
contained URIs with random strings to test
scalability.

Test 7: Simultaneous querying.
Type of test
Objective
Scenario
Steps taken

Expected results

Non-functional
To test the capacity of the system to support
simultaneous queries.
The complete system is deployed and
functional.
We made parallel queries to the server using a
linear ramp of simultaneous queries to test the
maximum number of concurrent users. The
number of queries was incremented from 10 to
5000 simultaneous queries.
The system is able to respond to all the queries
in less than 5 seconds each.
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Actual results

Observations

The system was able to serve 1398
simultaneous queries on the deployed
hardware. The web server crashed for more
users due to memory limitations on the server.
We reached the server’s hardware memory
limitations, the PHP and Apache web server
processes crashed with simultaneous querying.

Analysis of results
The results of the performed tests show us that the implemented system can provide relevant
information to end users. As such the system fulfills all the design objectives and functional
requirements. As such the implemented system is able to:




Provide end users with relevant information about the university’s places and events.
The provided information is relevant to the user role and location context.
The system successfully implemented a set of location beaconing devices to aid user
location and site identification.

After analyzing and testing different methods of locating users within the site we have come to the
conclusion that the using Bluetooth based beaconing devices was optimal in the context of this
project as it allowed much more customization on placement and identification of physical spaces
as compared to that which we would have achieved using other methods of location.
The implemented system is made of different components that are very lightly dependent on each
other and that communicate through standard interfaces based on RESTful requests and SPARQL
queries, as such any of the components of the application is easy to replace and extend. The
implemented mobile application is decoupled from the server side components and the server
side components are decoupled from the triple store. We have found that this was a good design
decision as extending the bypassing the current implementation shortcomings on scalability need
not a complete redesign of the application logic but rather the exchanging of the triple store for
one that provides better querying performance. Furthermore, the implementation of SIEGE’s
mobile application for a different mobile operating system would need absolutely no server side
changes, but rather only the implementation of a client that uses the services provided by the
server side components.

The system’s scalability on information volume was shown not to be optimal due to the fact that
the used triple store and reasoner OpenRDF and OWLIM-Lite is limited to reasoning in triple stores
stored on main memory and that the system that was available for the implementation of SIEGE
had 12 GB of RAM installed.
To overcome this problem the system could be implemented with a triple store that allows for
using secondary storage for the storage of triples, however these kind of triple stores are currently
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under commercial licensing and these licensing costs were not included in the budgeting of this
project.
Another avenue for increasing scalability would be to separate the server component deployment
server from that which holds the triple store, and to allocate more RAM to both servers. However
such implementation would have higher implementation costs and be limited to available RAM
memory.
We expect that as OWL reasoners become more widely used in the industry higher performance
reasoners are made available by triple store developers, which would allow higher scalability and
better performance than the current generation of implementation of triple stores.
The implemented system has a limit of concurrency of 1398 concurrent queries, which mean that
if there were more than this quantity of users the system would not be able to complete all their
queries on the scenario that they all queried the system at the same time. This, however, is a
highly unlikely scenario as the system detects the location beacons sporadically and with a delay
between searches for beacons of 3 minutes when running in background mode for the current
implementation. As SIEGE is designed to be run as a background service we expect that this limit is
highly unlikely to be hit in practice. This limitation does not mean that there can be no more than
1398 concurrent users running the application, as the application does not need a permanent
connection to the server, but rather that no more than this quantity of users can query SIEGE at
the same time.
The number of registered users is limited only by the quantity of triples that the current
implementation can allow. The registration process currently produces at least 3 triples per
registered users for storing their personal information, 1 triple per role for storing their roles at
the site and 1 triple per category that the user ´liked´ on the mobile application. As the set of roles
and categories is not on the scale of thousands, the system needs not to enforce hard limits on
user data storage at the moment.
Even though the ontology that was presented was designed as a case study for the implantation of
SIEGE at a university, the ontology is only coupled to the situation of the university on that there
exists roles such as teacher and student, and events such as classes. As these OWL classes are
subclasses of the main roles described on 4.2, the using of SIEGE in contexts outside the university
is completely feasible without changes to the ontology, as these roles need not to be used in lieu
of the more general roles. If SIEGE where to be implemented outside the university today it would
offer the same benefits of information delivery to a site, however for bettering information display
outside of this implemented scenario, html formatters would better be implemented so that the
end user has the best possible information browsing experience.
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6 CONCLUSIONS AND FUTURE WORK
On this document we have introduced SIEGE, a system that is able to provide relevant information
to end users on a location and user context aware fashion without the requirement of user
intervention. Our contribution is the modelling of such system and the implementation of a case
study solution based on SIEGE for providing information for the staff and students at Universidad
de los Andes.
As compared with other related works SIEGE differences itself on the integrating of Semantic Web
technologies, user and context awareness and pervasiveness of the proposed solution.
One strength of the system is that the ontology is modelled to be as general as possible and
refined through the creation of subclasses and sub-properties for specific deployment scenarios,
as such if the implementation scenario needs to be changed the current ontology can be used,
albeit with limited functionality. The proposed and implemented system is highly dynamic and can
be used to provide diverse kinds of information to end-users, customized according to their roles
at the university. Due to its usage of RDF and an OWL-DL Ontology as the backbone for
representation of information the system is very easily adapted to diverse settings in new
implementations.
The expected performance of the system goal was not met, as we found that the current
generation of OWL-DL reasoners are based on operating in triples stored in RAM, which limits
their usability on large triple stores without heavy investment in computing infrastructure and
their performance on classification of individuals in disjoint classes is not optimal when the classes
are defined by the individual properties.
The implemented system is highly decoupled between component boundaries, and therefore its
adaptability and extensibility to multiple deployment scenarios is not hindered in any way by the
design. As such, the system is easy to re-implement and extend to different end user hardware
and server architectures.
The implementing system is an example of a pervasive application and we hope that our
contribution can be used by future developers to create highly immersive location and context
based applications.
Future Work
There is still much work to be done on SIEGE. The following are the main shortcoming that should
be solved for future implementations.




The security aspects of the application where not developed. The proposed application
does not provide any assurance of data privacy, secure message interchange and strong
authentication methods. If SIEGE were to be implemented outside of an academic setting
this is the most important aspect to be analyzed and redesigned for its applicability in realworld situations.
The implemented reasoning process is not scalable to large triple stores due to its reliance
of main memory. Future developments must study the available technologies and decide
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whether they can live with this limitation or use one of the commercial services for
reasoning. Currently the developers of OWLIM offer highly scalable versions and triple
stores in the cloud, however these are paid versions of the product. As all the interaction
between SIEGE and the RDF store is done through SPARQL, changing the triple store
should not prove to be a challenge.
The WLAN based geolocation component was not developed in this implementation due
to site and project schedule restrictions. If a BLE sensor network is not to be deployed at a
site, this component must be implemented to be able to use the current site WLAN AP
infrastructure for geolocation.
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APPENDIX: COMPLETE ONTOLOGY FOR SIEGE
<?xml version="1.0"?>

<!DOCTYPE rdf:RDF [
<!ENTITY foaf "http://xmlns.com/foaf/0.1/" >
<!ENTITY owl "http://www.w3.org/2002/07/owl#" >
<!ENTITY xsd "http://www.w3.org/2001/XMLSchema#" >
<!ENTITY rdfs "http://www.w3.org/2000/01/rdf-schema#" >
<!ENTITY rdf "http://www.w3.org/1999/02/22-rdf-syntax-ns#" >
]>

<rdf:RDF xmlns="http://g.lyons30.uniandes.edu.co/SIEGE#"
xml:base="http://g.lyons30.uniandes.edu.co/SIEGE"
xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#"
xmlns:foaf="http://xmlns.com/foaf/0.1/"
xmlns:owl="http://www.w3.org/2002/07/owl#"
xmlns:xsd="http://www.w3.org/2001/XMLSchema#"
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#">
<owl:Ontology rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE">
<owl:imports rdf:resource="http://purl.org/NET/c4dm/event.owl"/>
<owl:imports rdf:resource="http://xmlns.com/foaf/0.1/"/>
</owl:Ontology>

<!-////////////////////////////////////////////////////////////////////////////////
///////
//
// Object Properties
//
////////////////////////////////////////////////////////////////////////////////
///////
-->

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#contains -->
<owl:ObjectProperty
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#contains">
<rdf:type rdf:resource="&owl;TransitiveProperty"/>
<rdfs:domain
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#SpatialThing"/>
<rdfs:range
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#SpatialThing"/>
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<owl:inverseOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#isContainedIn"/>
</owl:ObjectProperty>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#hasBeacon -->
<owl:ObjectProperty
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#hasBeacon">
<rdf:type rdf:resource="&owl;TransitiveProperty"/>
<rdfs:range
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#LocationBeacon"/>
<rdfs:domain
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#SpatialThing"/>
<owl:inverseOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#isLocatedAt"/>
</owl:ObjectProperty>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#holds -->
<owl:ObjectProperty
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#holds">
<rdfs:domain
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#SpatialThing"/>
<rdfs:range
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#TemporalThing"/>
</owl:ObjectProperty>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#isContainedIn -->
<owl:ObjectProperty
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#isContainedIn">
<rdf:type rdf:resource="&owl;TransitiveProperty"/>
<rdfs:range
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#SpatialThing"/>
<rdfs:domain
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#SpatialThing"/>
</owl:ObjectProperty>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#isHeldAt -->
<owl:ObjectProperty
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#isHeldAt">
<rdf:type rdf:resource="&owl;FunctionalProperty"/>
<rdfs:range
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#SpatialThing"/>
<rdfs:domain
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#TemporalThing"/>
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<owl:inverseOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#holds"/>
</owl:ObjectProperty>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#isLikedBy -->
<owl:ObjectProperty
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#isLikedBy">
<rdfs:domain
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#AbstractThing"/>
<rdfs:range
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Person"/>
<owl:inverseOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#likes"/>
</owl:ObjectProperty>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#isLocatedAt -->
<owl:ObjectProperty
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#isLocatedAt">
<rdf:type rdf:resource="&owl;TransitiveProperty"/>
<rdfs:domain
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#LocationBeacon"/>
<rdfs:range
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#SpatialThing"/>
</owl:ObjectProperty>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#likes -->
<owl:ObjectProperty
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#likes">
<rdf:type rdf:resource="&owl;TransitiveProperty"/>
<rdfs:range
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#AbstractThing"/>
<rdfs:domain
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Person"/>
</owl:ObjectProperty>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#teaches -->
<owl:ObjectProperty
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#teaches">
<rdfs:range
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#DictatedClass"/>
<rdfs:domain
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Teacher"/>
</owl:ObjectProperty>
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<!-- http://g.lyons30.uniandes.edu.co/SIEGE#worksAt -->
<owl:ObjectProperty
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#worksAt">
<rdfs:range
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#SpatialThing"/>
<rdfs:domain
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Worker"/>
</owl:ObjectProperty>

<!-- http://purl.org/NET/c4dm/event.owl#hasSubEvent -->
<rdf:Description rdf:about="http://purl.org/NET/c4dm/event.owl#hasSubEvent">
<rdfs:subPropertyOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#hasBeacon"/>
</rdf:Description>

<!-////////////////////////////////////////////////////////////////////////////////
///////
//
// Data properties
//
////////////////////////////////////////////////////////////////////////////////
///////
-->

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#Description -->
<owl:DatatypeProperty
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#Description">
<rdfs:range rdf:resource="&rdfs;Literal"/>
<rdfs:domain rdf:resource="&owl;Thing"/>
</owl:DatatypeProperty>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#beaconGUID -->
<owl:DatatypeProperty
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#beaconGUID">
<rdfs:domain
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Organization"/>
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<rdfs:range rdf:resource="&rdfs;Literal"/>
</owl:DatatypeProperty>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#beaconMajor -->
<owl:DatatypeProperty
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#beaconMajor">
<rdfs:domain
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#LocationBeacon"/>
<rdfs:subPropertyOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#beconID"/>
<rdfs:range rdf:resource="&xsd;integer"/>
</owl:DatatypeProperty>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#beaconMinor -->
<owl:DatatypeProperty
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#beaconMinor">
<rdfs:domain
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#LocationBeacon"/>
<rdfs:subPropertyOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#beconID"/>
<rdfs:range rdf:resource="&xsd;integer"/>
</owl:DatatypeProperty>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#beconID -->
<owl:DatatypeProperty
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#beconID"/>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#endDateTime -->
<owl:DatatypeProperty
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#endDateTime">
<rdfs:domain
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#TemporalThing"/>
<rdfs:range rdf:resource="&xsd;dateTime"/>
</owl:DatatypeProperty>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#familyName -->
<owl:DatatypeProperty
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#familyName">
<rdfs:domain
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Person"/>
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<rdfs:subPropertyOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#name"/>
<rdfs:range rdf:resource="&rdfs;Literal"/>
</owl:DatatypeProperty>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#givenName -->
<owl:DatatypeProperty
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#givenName">
<rdfs:domain
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Person"/>
<rdfs:subPropertyOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#name"/>
<rdfs:range rdf:resource="&rdfs;Literal"/>
</owl:DatatypeProperty>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#name -->
<owl:DatatypeProperty
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#name">
<rdfs:range rdf:resource="&rdfs;Literal"/>
<rdfs:domain rdf:resource="&owl;Thing"/>
</owl:DatatypeProperty>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#startDateTime -->
<owl:DatatypeProperty
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#startDateTime">
<rdfs:domain
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#TemporalThing"/>
<rdfs:range rdf:resource="&xsd;dateTime"/>
</owl:DatatypeProperty>

<!-////////////////////////////////////////////////////////////////////////////////
///////
//
// Classes
//
////////////////////////////////////////////////////////////////////////////////
///////
-->
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<!-- http://g.lyons30.uniandes.edu.co/SIEGE#AbstractThing -->
<owl:Class
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#AbstractThing"/>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#Building -->
<owl:Class rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#Building">
<rdfs:subClassOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#SpatialThing"/>
</owl:Class>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#BuildingBlock -->
<owl:Class rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#BuildingBlock">
<rdfs:subClassOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#SpatialThing"/>
</owl:Class>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#Cafeteria -->
<owl:Class rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#Cafeteria">
<rdfs:subClassOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Room"/>
</owl:Class>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#ClassRoom -->
<owl:Class rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#ClassRoom">
<rdfs:subClassOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Room"/>
</owl:Class>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#Classification -->
<owl:Class
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#Classification">
<rdfs:subClassOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#AbstractThing"/>
</owl:Class>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#ComputerRoom -->
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<owl:Class rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#ComputerRoom">
<rdfs:subClassOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Room"/>
</owl:Class>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#DictatedClass -->
<owl:Class rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#DictatedClass">
<rdfs:subClassOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Event"/>
</owl:Class>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#Event -->
<owl:Class rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#Event">
<owl:equivalentClass
rdf:resource="http://purl.org/NET/c4dm/event.owl#Event"/>
<rdfs:subClassOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#TemporalThing"/>
</owl:Class>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#Floor -->
<owl:Class rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#Floor">
<rdfs:subClassOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#SpatialThing"/>
</owl:Class>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#LocationBeacon -->
<owl:Class
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#LocationBeacon">
<rdfs:subClassOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#SpatialThing"/>
</owl:Class>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#Office -->
<owl:Class rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#Office">
<rdfs:subClassOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Room"/>
</owl:Class>
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<!-- http://g.lyons30.uniandes.edu.co/SIEGE#OfficeWorker -->
<owl:Class rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#OfficeWorker">
<rdfs:subClassOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Worker"/>
</owl:Class>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#OpenSpace -->
<owl:Class rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#OpenSpace">
<rdfs:subClassOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#SpatialThing"/>
</owl:Class>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#Organization -->
<owl:Class rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#Organization">
<rdfs:subClassOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#AbstractThing"/>
</owl:Class>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#Person -->
<owl:Class rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#Person">
<owl:equivalentClass rdf:resource="&foaf;Person"/>
</owl:Class>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#Room -->
<owl:Class rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#Room">
<rdfs:subClassOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#SpatialThing"/>
</owl:Class>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#SpatialThing -->
<owl:Class rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#SpatialThing"/>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#Student -->
<owl:Class rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#Student">
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<rdfs:subClassOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Worker"/>
</owl:Class>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#Teacher -->
<owl:Class rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#Teacher">
<rdfs:subClassOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Worker"/>
</owl:Class>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#TemporalThing -->
<owl:Class rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#TemporalThing">
<rdfs:subClassOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#AbstractThing"/>
</owl:Class>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#Visitor -->
<owl:Class rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#Visitor">
<rdfs:subClassOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Person"/>
</owl:Class>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#Worker -->
<owl:Class rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#Worker">
<rdfs:subClassOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Person"/>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#likes"/>
<owl:someValuesFrom
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Organization"/>
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>

<!-- http://purl.org/NET/c4dm/event.owl#Event -->
<rdf:Description rdf:about="http://purl.org/NET/c4dm/event.owl#Event"/>
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<!-- http://www.w3.org/2006/time#TemporalEntity -->
<rdf:Description rdf:about="http://www.w3.org/2006/time#TemporalEntity">
<rdfs:subClassOf
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#SpatialThing"/>
</rdf:Description>

<!-- http://xmlns.com/foaf/0.1/Person -->
<rdf:Description rdf:about="&foaf;Person"/>

<!-////////////////////////////////////////////////////////////////////////////////
///////
//
// Individuals
//
////////////////////////////////////////////////////////////////////////////////
///////
-->

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#Beacon_1_1 -->
<owl:NamedIndividual
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#Beacon_1_1"/>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#ML -->
<owl:NamedIndividual rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#ML">
<rdf:type
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#BuildingBlock"/>
</owl:NamedIndividual>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#ML_771 -->
<owl:NamedIndividual
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#ML_771">
<rdf:type rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Office"/>
<hasBeacon
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Beacon_1_1"/>
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<isContainedIn
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#ML"/>
</owl:NamedIndividual>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#OfficeWorkerSIEGEGenericPerson ->
<owl:NamedIndividual
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#OfficeWorkerSIEGEGenericPerson
">
<rdf:type
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#OfficeWorker"/>
</owl:NamedIndividual>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#StudentSIEGEGenericPerson -->
<owl:NamedIndividual
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#StudentSIEGEGenericPerson">
<rdf:type
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Student"/>
</owl:NamedIndividual>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#TeacherSIEGEGenericPerson -->
<owl:NamedIndividual
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#TeacherSIEGEGenericPerson">
<rdf:type
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Teacher"/>
</owl:NamedIndividual>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#Universidad_De_Los_Andes -->
<owl:NamedIndividual
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#Universidad_De_Los_Andes">
<rdf:type
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Organization"/>
</owl:NamedIndividual>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#VisitorSIEGEGenericPerson -->
<owl:NamedIndividual
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#VisitorSIEGEGenericPerson">
<rdf:type
rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Visitor"/>
</owl:NamedIndividual>
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<!-- http://g.lyons30.uniandes.edu.co/SIEGE#WorkerSIEGEGenericPerson -->
<owl:NamedIndividual
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#WorkerSIEGEGenericPerson">
<rdf:type rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Worker"/>
</owl:NamedIndividual>

<!-- http://g.lyons30.uniandes.edu.co/SIEGE#g.lyons30 -->
<owl:NamedIndividual
rdf:about="http://g.lyons30.uniandes.edu.co/SIEGE#g.lyons30">
<rdf:type rdf:resource="http://g.lyons30.uniandes.edu.co/SIEGE#Worker"/>
</owl:NamedIndividual>
</rdf:RDF>
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