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Abstract

Abstract

The presence of mobile devices with network conwiggicontinues to increase in all parts of
the world, opening up direct channels to mobilesisEhe threat of information overload is
prevalent, and if not subjected to control in tewhegislation and deployment of more
intelligent and user-considerate systems it idyike cause problems. This is particularly
important in the case of push-based advertisenystérss where information must be of
relevance to the mobile user preferences, needsnsarest.

This paper proposes a solution and architectueecoinsumer-oriented, push-based, context
aware location based advertisement system. Themyistdesigned to operate in compliance
with the World Wireless Research Foundation (WWRklelines for the future space of
information services: personalization, ambient @nass, and adaptability. The system is
intended to operate in pervasive environments.

The proposed system, called AdvertLBS, harvest kedge about service providers and
consumers in terms of preferences, geographicaleangoral locations. The system applies
knowledge about services, consumers, and learriexdanformation in order to establish a
broad service recommendation context.

The AdvertLBS system adopts a hybrid approachd¢omemendation logic and proposes to
use a subset of suitable matching algorithms tdywre service recommendations relevant to
the consumer’s interests and needs.
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Chapter 1 — Introduction

Chapter 1 - Introduction

The majority of mobile devices can now be connetidettie Internet via Wi-Fi access points
or GPRS or UMTS mobile networks. It is now possiolée permanently online with mobile
devices. This presents unique possibilities in@ewange of application areas, such as online
gaming, information services, social networking] amobile marketing.

In this paper | focus on the domain of mobile mérigeand specifically to the niche of push-
based recommendation of advertisements and seimipesvasive environments.

The vast majority of research papers on recommesydems focus primarily on building
automated systems, focusing in on matching algostand doing a quantitative analysis of
these algorithms. The systems apply complex antdenatically advanced algorithms in
order to infer and provide justified guestimatesiwatwhat information a user may prefer or
not prefer, like movies (MovieLelsbooks (WhatShouldIReadNéxtmusic (Pandofaand
others. These automated systems are working wetelVeb, but when information is to be
pushed onto a mobile handset, we face the challeihgevacy and realize that other means
and methods are required to ensure the necessalityaqf service and to protect the welfare
of the mobile user.

According to the World Wireless Research FoundafWhVRF) the ambition of future
information services is personalization, servicésctv exists around us, present, and
constantly aware of our movements, actions, enwient, and settings. The services are
extensions of the user’s cognitive self and heliteds to harvest and analyze information.
This is the core of the I-centric paradigm defilbydVWRF. In the spirit of this ambition |
want to empower the individuals to influence andtomize their own service experience.
Section 1.2 gives a more detailed description @MAVRF guidelines.

This thesis is not a quantitative mathematicattiseadescribing complex learning and
recommendation algorithms as these algorithmslezady well-described and tested
extensively in literature. [13]. This paper desesla proposal which captures the necessary
requirements related to representation of knowledgkcontext, data storage,
recommendation logic, and other necessary featir@asecommender system designed to
operate in a pervasive mobile environment, and vbamplies with the guidelines of the I-
centric paradigm provided by WWRF. In other wordskes a broad perspective,
investigating a number of issues related to thesitantion an operation of push-based,
context-aware LBS’s. The primary design rationaltoiprovide business with a direct
channel to the consumer’s private sphere must beiggion-based, customer-controlled,
trustworthy, and unobtrusive in operation.

lMovieLens:http://movielens.umn.edu/loqir% WhatShouldIReadNextitp://www.whatshouldireadnext.com/

3 Pandora URLhttp://www.pandora.com/restricted
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Chapter 1 — Introduction

1.1 Thesis Goal

The following statement describes the thesis goal:

“As a scenario, we are interestedpsh based location aware advertisement servidée

main challenge is to design a smart system thatie®the user about relevant points of
interest with regards to his current context. Mol dimensions need to be combined in order
to trigger a notification such user context, usegfprences, reputation of the service and
historical data of the service usage.”

From Kompetansetorget, University of Agder

Based on this description | have researched aresiigated solutions and propose a customer
—oriented, context aware location based advertiaesystem which | claim fulfills the goals

of the problem description, extends the traditignadh-based LBS, and additionally complies
with the WWRF guidelines for an I-centric commurnica service.

| do not include an implementation of the systerthihis paper, but produces a theoretical
basis for an implementation.

1.2 Traditional Push-Based LBS’s

There is a big difference between a request-oricaibel a push-based location based services.
Requested-oriented LBS’s allow the users to requéstmation about nearby services or
objects of interest. The system doesn’t need tp keeast amount of information about the
user to perform well. The push-based location sergan identify a user by location but will
essentially be impotent in terms of providing useith relevant information unless it is in
possession of, at least, a modest amount of kngelatiout user preferences.

The traditional push-based LBS rely to a large mixé@ user location. This is not nearly good
enough as most recommendations provided by thi dirsystem is likely to produce a
horrendous amount of irrelevant and uninterestinglmer of recommendations. Also many
LBS’s work by simple opt-in mechanisms which le¢nssregister in a system by sending a
keyword to a specific phone number. It will not Wwam terms of providing relevant services,
and it will certainly not work according to the éric paradigm.

So, we can conclude that other means and methedsguired for push-based LBS’s
operating in the mobile domain. But, before we dnte the world of I-centric services,
knowledge, context, and recommender logic | wilefhy present the visions of the WWRF in
the next section.
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1.3 The WWRF Guidelines for I-Centric CommunicationServices

There are three dimensions associated with thatkiceparadigm proposed by the WWRF:
personalization, ambient awareness, and adaptati@scribe each of these briefly in the
following sections. The following descriptions d@sed on descriptions from the WWRF
Briefing WG2-br4 [10].

1.3.1 Personalization

Individuals are different in many respects and thisst be accounted for in any system
developed to operate in a pervasive communicapaces Personalization is defined as the
ability of systems to compose and administratetad context information related to user
preferences.

The service should also be able to evaluate uséenences and provide the user with
customized and individual services which meetaufers demand. Learning mechanisms in
the system should improve knowledge profiles armdige better services.

1.3.2 Ambient Awareness

The ambient awareness component describes theyathithe system to capture and handle
situational information. Typical situational infoation would be user activity, geographical
location, mobility, physical circumstances, etc. Welerstand that the system must
continuously sense situational circumstances arthumdser and dynamically update
knowledge and context information.

1.3.3 Adaptation

The system needs to be adaptable in terms of togdtime, user needs, network, and end-
device capabilities. This adaptability is necessargilow the system to be present
everywhere and to be able to perform and deliveficgeunder changing conditions and
circumstances.

WWRF -http://www.wireless-world-research.org/
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Chapter 1 — Introduction

1.4 Recent Location Based Systems Research

In this section | will briefly review a few locaticdbased recommender systems which have
provided me with understanding and motivation far work with the AdvertLBS
recommender.

1.4.1 The DYNAMOS Approach [1]

This approach describes a location based, conteatearecommendation system with social
functionalities. The system operates with conkexivesting using a separately developed
context provisioning middleware called Contory [&iv

The DYNAMOS approach is primarily a social recomuh@nsystem in terms of allowing
users to tag services, enter recommendations eane hotes in different geographical areas.
It is an informal system where everyone is allowegarticipate and contribute with
information.

However in order to build a secure, transparerdmenender system oriented towards mobile
marketing there should be a strict regime conogroontrol of who is allowed to enter
service information into the system. These issuesentral topics in the AdvertLBS system.

Please refer to [1] for more information about Byaamos solution.

1.4.2 CityVoyager [2]

This approach describes a location based shoppsigtant which operates on the location
history of users, acquired by analysis of GPS doatds. The system draws up shopping
routes and produces a list of frequently visitedpsh The system applies a collaborative
filtering algorithm to produce recommendations loase this list.

Please refer to [2] for more information about @ibyager.

1.4.3 Bluetooth and WAP Push Based Location-Aware bbile Advertising
System [12]

This paper presents an approach to deliver adeeréists using a Bluetooth positioning. The
proposed system is permission-based and sendgiadwents to user. The system doesn’t
implement profiling or personalization mechanisidsr does it implement a rating model or
a the particular abilities to learn user preference

11



Chapter 1 — Introduction

The most interesting portion of this paper is alitptave analysis of users perception and
reception of pushed advertisements. The papermseagositive attitude to reception of
relevant advertisements. Most users complainedtabothigh frequency of
recommendations. This is off course a problemeéfsihiave not been profiles on preferences,
needs and interests. These are issues carefukydavad in the system proposed in this
paper.

Please refer to [12] for more information abous tloication based advertisement system.

1.5 Classification of Recommender Systems

With reference to the section 1.4, we see thattisea number of different recommender
systems proposed and described in literature. @b@mmender systems vary in terms of
applied algorithms and work domain. It is howevesgible to classify most of these systems
into four basic categories based on which algorithosed to establish preferences and to
produce recommendations.

| do consider it important to spend some time d@rplg these four categories as they are
essential to the understanding of major parts @fptioposal described in this paper, the
knowledge and context provisioning, and the recondeelogic. | will provide a few
associations to the AdvertLBS system at the erehoh section.

1.5.1 Knowledge-Based Systems

The knowledge-based approach is based on the spstamding and representing knowledge
about a user’s interests and needs. The knowledypically expressed in profiles and in a
well-defined and efficient format within a definedntext or ontology. The system reasons on
the available information and how well an item dggion matches the user preferences.

The primary advantage of knowledge based systethaist effectively avoids the so called
“cold-start” problem which commonly occurs in reamender system based on learning
algorithms. In general learning algorithms requadgining set or a relatively large number
of users in order to produce viable predictionse Tbld start problem occurs when a
recommender is unable to make reasonable infer&oce®rning items or services to be
recommended due to insufficient information.

In knowledge based systems this problem is avdieduse there is no need for the
preference profile elicitation phase. The AdvertL88tem depends on knowledge about
consumer preferences and available services. Tdi#gons mentioned above with cold start

12



Chapter 1 — Introduction

and the need of a relatively high number of useraake content-based or collaborative
recommender logic work dictate the user of this ehod

Other means of constructing, affirming and proviganstronger consumer preference profiles
is by analysis of online activity in terms of loggiand analyzing the content of user activity
on the web. This might indeed provide a lot of prefhce related context information which
can be used to extend or affirm preference profiléss might prove to be a viable
opportunity in online mobile systems.

1.5.2 Content Based Recommender Systems

Content-based recommender systems attempt to gravidrrelation between users and items
to be recommended. This correlation is primarilbkshed by using item descriptions and
user preference profiles.

In “Beyond Recommender Systems: Helping People Halgh Other”, Terveen and Hill
provide the following description of a content-bdisecommender system: “Content-based
recommenders build on the intuition of find me gsrike | have liked in the past. They learn
preferences through user feedback.” [4]

According to Burke [5] the definition of a contdrased recommender is learning user
preferences based on feedback provided by the Bsegte explicates on two different forms
of feedback, one explicit taste feedback (goodaat) lmnd one implicit feedback like whether
the user opened a document and read it and foldmmywhe was involved with the document.

| will not use the content-based algorithm in thdvArtLBS as the primary advantage of this
method is captured in the combination of the kndgébased and the collaborative filtering
algorithms.

1.5.3 Collaborative Filtering Systems

A recommender system consists of a number of i@mservices to be recommended. The
system also consists of a large number of usess,callled consumers. In such a system it is
likely, given a relatively large user base, tharéhwill be user preference profiles which are
close to identical, or at least possess a sigmifidagree of similarity. The same similarity
applies to the service rating history of the usassywe can be relatively confident that users
with a common rating history will have significgmmeferences in common too.

The collaborative filtering approach attempts talfcorrelations between users with similar
preferences with the intent purpose of creatinglialgorative group. This group is usually
referred to as nearest neighbors in literatureellassume the user have been issued a service

13



Chapter 1 — Introduction

recommendation and rated the service favorablyti#eraiser with similar preferences is a
likely candidate for the same service recommendatio

The actual collaborative algorithm is divided it sub-algorithms. One algorithm is used
to create the groups and to keep the groups updBtedother algorithm is used to compute
recommendations based on what “peers” in the ghawe preference for or have rated
favorably.

The AdvertLBS system includes a collaborative fittg module in the recommender logic.
The main purpose of this is to complement prefezgurofiles. It is also intended to provide
the basis for some unexpected recommendations wineghlead the consumer into a different
path of recommendations. An example of this woddHe scenario where a consumer with a
preference for Indian restaurants is given a recendation for a Thai restaurant based on a
collaborative group vote and the fact that theeerar Indian restaurants available at location.

1.5.4 Hybrid Systems

A hybrid recommender system combines several d@hgos to produce a recommendation.
There are advantages and drawbacks with each thligotine hybrid solution attempts to
reduce the drawbacks of using just a single aligaritSome systems have a repository of
different algorithms which may be applied basedidierent contextual situations.

Burke surveys a number of hybrid solutions in “HgliRecommender Systems: Survey and
Experiments” [9]. In this paper he classifies hglmecommenders into a number of categories
is proposed. | have extracted four of these methsdseing relevant to the AdvertLBS
system. These methods are given in table 1.5.4v@igether with a brief description for

easy overview. Please refer to [9] for an in-dejetkcription of all categories.

Hybridization Method | Description

j®N

Weighted The scores of several recommendation iggbs are combine
to produce a single recommendation.

Switching The system switches between recommendgichniques
depending on the current situation.

Cascade One recommender refines the recommendgtiarsby
another.

Feature Augmentation| Output from one techniqueséiwas input feature to another

Table 1.5.4 Hybridization Methods (From Burke. R6f)

14
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In the weighted method the recommender logic usesral algorithms. Each algorithm
produces a weight or a score. The weights are cudand averaged and the item or service
with the highest weight is recommended. This appabe a viable method as all involved
algorithms, operating on different information, bavsay in the final recommendation. The
major problem is that some algorithms may have tpaginely and qualitatively good
information and other have little information cangsin imbalance.

The switching method seems to be a good solutionraquires the system to perform an
analysis of the available information and the gaheontext around the service and user
before applying an algorithm. Although clever, ithalso introduce a higher complexity level
as the reasoning about which algorithm to use mgstbe performed by the system.

The cascading method is basically a process afaefent. The recommendation process is
divided into stages where the first stage provalsst of rankings or weight correlating user
and items. The next stage refines the recommendptavided by the previous stage and the
second stage only cares with items which are rsarridninated by the previous stage. This
method appears to be particularly nice in termafiddiency and in the ability to provide a
stage-wise elimination of services.

Feature augmentation is based on the principlérioiging together the algorithms together
by connecting output to input gates. Each algorigmoduces output which another
algorithms uses as input.

Burke continues to state that the most common rezamder system uses a collaborative
filtering algorithm combined with some other teajue in order to cope with the ramp-up
problem.

With this rather brief overview of the recommendatalgorithms we have the necessary
background to understand the design rationale dehm AdvertLBS system.

1.6 The AdvertLBS System

A design rationale and ambition behind the Adve®LE/stem is that it shall provide a
professional and concrete solution within the nehilarketing domain with the sole purpose
of providing advertisement and service recommendatto users who have willingly and
purposefully requested that this kind of informatlme pushed onto their mobile handsets.

| consider this to be a critical point which diéetiates this system from many other proposed
systems which uncritically provide single-mindedus on learning algorithms and

employing mathematical considerations and techsidoeimproving the recommendation
accuracy. We need to administrate two dimensiomairmmind at the same time — the human

dimension and the system dimension. We must algp &ar priorities right and focus on the
15



Chapter 1 — Introduction

human interaction with the system. The system shbelconsidered an extension of the self,
giving more processing brainpower and ability togmsefully navigate in a confusing
landscape of information, products, and servicég. dystem must be controlled by the user,
but must provide intelligence to relieve the usent the everyday chore of administration.

The initial motivation was that AdvertLBS should tb@nsparent in use. The motivation
behind this was that most recommender systems bnweek in this transparent, undercover
way, by observing and analyzing user browsing sadmtd behavior in terms of frequency of
visited items, items bought, etc. This kind of mf@tion harvesting, analysis, and inference
operation result in recommendation of other itemd products.

This is not the way to go with a recommender syslesigned to operate on the mobile
platform. There are two reasons for this, firstt@bile handset is in a completely different
privacy zone that the web which implies that sérigitand design must take great care to
respect this privacy. Second, the system will moaliowed to spend a lot of time learning
user preferences and for sure the system canngésugroducts and services out of the blue
sky, hoping, in the best case, they will be inttings and in the worst case that it will at least
receive bad rating so that it can adjust its pezfee assumptions. People are easily annoyed,
especially about unwanted events on the mobile $&tnd

Transparency in this context means that the syataiassociated applications shall operate
in the background. This ambition does not implyt the user should forever be protected
from having to interact with the system, but rattinet it should not be necessary once the
system is set up with initial registration and sienpreference profiles. This is where the
principle of best effort comes into play It is g context that the concept of “estimated
recommendation accuracy” enters the picture. Timplge, quantitative entity tells the user
what to expect from the system in terms of theesystperceived ability to recommend
relevant services. This is best effort represeated quantity, clearly visible to the user and
acting as motivational factor to improve it by &ety providing more information, context,
ratings, etc. to the system.

The required initial preference profile registratgolves the cold start problem, briefly
described in section 1.5.1.The problem with mamcpmemender systems is that there is not
necessarily personal information available andsgrstem only learns from direct or indirect
ratings provided by the user or other users. Examgl indirect rating may be the actual
purchase of a product or simply a recurring pattérinterest represented by particular
navigation patterns and item reviews.

As this might be a viable solution on the web mad considered ideal in a location based
mobile recommender system as there is importanagyiissues involved. The privacy issues
require the system to get explicit permission tdeee and process location information as
well as to provide recommendation messages. Thexdat more sensitivity related to
invasion of privacy on a mobile handset than whesex is browsing the web or receiving e-
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mails. The AdvertLBS system acknowledges this riee@rivacy and control, and requires
users and service providers to register a minimedunt of personal and service information.

The AdvertLBS requires an initial registration grdvisioning of initial user preferences The
level of preference information given by the useconsidered to be optional. Once the initial
registration and preferences are done and thecapipl is installed on the handset, the
consumer will not be required to interfere with teeommender system in terms of
preference provisioning. The system will provideammendations according to the best
effort principle and will improve recommendatiorcacacy as the recommender logic gain
momentum.

Based upon these considerations and the preseegeghctriteria | have chosen to base the
AdvertLBS recommender on a hybrid approach. Theibdydpproach will use a number of
recommender algorithms. Each algorithm will prodaaating level or score. There is some
flexibility in terms of which algorithms may be useTlhis depends on how much context
information is available for a given user.
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Chapter 2 - Research Methodology

In this chapter | will discuss the methodology bpted to provide direction and focus in the
work with the system.

2.1 Analysis of Initial Problem Statement

The initial thesis problem was given in section. THe problem statement does present itself
as a typical engineering research problem. Thgesign presented in the thesis description
suggested a research approach which involved dasdjprototyping of a comprehensive
solution for test and analysis.

As the scope of the project is quite broad, an@dbas considerations of resources available
and time constraints, | have opted for a more tatale approach and put focus on
researching and discriminating solutions to chaiée and also providing the architecture and
design to the system based on the stated requitsnfenomplete qualitative analysis which
related the solutions and design decisions todgfairements are presented at the end of the
thesis.

The problem statement is an invitation into an ev®iming amount of research work in the
area of location based services and recommendensysThe majority of this research is
focused on solutions applied to the commercial sidee World Wide Web (WWW). There

are numerous recommender systems working behinsctrees in major commercial web
portals, such as for example Amazon. However, wirechange the setting and applicability
of these recommenders to the mobile platform, rmbgtem will fail remarkably and we need
to think in another way. This paper is an attengstdal on previous research, existing systems,
and a few of my own ideas of how the service prewghould meet the right service
consumer.

2.2 System Vision and Requirements

As the initial problem statement is quite cleattlom objectives it was necessary to elaborate
and expand the concept of a context aware locatsed service and envisages scenarios,
creates visions, and ultimately provides a seeqtirements which was considered to be
necessary in order to design the system.
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It was indeed necessary to spend time on prodwgisigm visions. Visions provide the basis
for requirements. Based on the problem statemigigd to produce visions of how a context
aware location based service should work. By ingashg the literature about recommender
system and context-awareness | realized what Kifebtures and characteristics was
common to these kinds of systems.

The visions and requirements were established dicapto the principle of “mile wide, inch
deep” principle. This principle implies that led to identify all requirements that would be
necessary to complete the established visionsyrbatvery high level in order to get an
overview.

| present the visions and requirements in chapter 3

2.3 Identification of Research Challenges

Once the visions and requirements were establidteedext step was to identify and separate
the standard implementation problems from the gkallenges which would required a
careful study of research literature.

| identified five different areas of research ogpaity of both primary and secondary nature:
context provisioning mechanisms, context represemtanodels, efficient location tracking
models, recommendation and matching logic, semiogitoring, and service rating models. |
explicate on each of these research area in matigahapters in this paper.

The identification of research challenges enabledaralso identify the critical requirements
in the system. By identifying the critical requirents | could isolate and defined steel threads
which would give direction and momentum in prodggcihe architecture.

Research challenges and solutions are describdthjpter 4.

2.4 Solutions and System Architecture

At this stage in the research process | had alreathblished the research challenges areas
and concrete problems which had to be solved, @entified and described the critical
requirements in the system.

It is a very basic criterion in any developmentegearch process characterized by a certain
amount of uncertainty to attack the most critisglies first in order to mitigate the risks
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involved. | attempted to this by focusing on tlom+rivial, research related issues first to see
if I could establish a solid architectural and dedioundation for the system.

| reviewed and read available literature in theeagsh areas of interest and identified a
number of proposals which | aligned and measuregbtbposals with the requirements and
disposed of most, considered adoption or adapfiathers.

The final system design is realize a solution basedxisting research knowledge and
proposals and adaption to the specific mobile nargesystem described in this thesis.

2.5 Qualitative Evalution of System Design

With a system architecture and design in placedasaesearch, adaptation, and
improvements of existing proposals, together watlhutsons specific to the AdvertLBS

system, | did a qualitative evaluation of the syst&@he qualitative evaluation is concerned
with showing that the requirements of the systenvigered by the system design and that the
system, compared to other systems in the workimgadlo, provides solutions to problems
which is either not considered or badly solvedtimeo systems in the working domain of the
application.

2.6 Contribution to Science

From a scientific viewpoint is it quite clear thhere have been and is currently being
performed a huge amount of research on the topiecdimmender systems and how location
based systems can be improved and fitted intovecsespace consisting of users already
suffering from information overload. In this resp#ds of critical importance to focus on
quality and not quantity. It is critical to persdina services and put the individual in control
of the services he chooses to use.

Personalization is the trend in what we see inyeaspect of service provisioning these days,
whether it comes to personalization of TV chanwoelgersonal trainers at the gym,
everything is turning slowly into personalizati@ensphere of ambient and omni-present
services rotating around the user. This is alsal#sgn rationale behind the AdvertLBS
system.

The main purpose with this thesis, from a scienpirspective, is to take a broad perspective
to describe and provide a design and architectuadaxration based advertisement system
which takes user knowledge and learned contextaotount.
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There is a huge amount of quantitative researatootext and recommender logic, and
algorithms in academic literature. If | decideditoanother implementation and test of a
collaborative filtering or a content-based filteyialgorithm it would probably just be another
one among a million others. | did not feel it was@ssary to apply pressure on that side of
things. The algorithms used in these systems are ordess established, they work, and
some are slowly becoming de facto tools appligortmluce recommendation. It's more or
less matter of customizing them to fit the purpasd domain.

| did however experience great confusion when kewig research literature as the amount of
it is quite overwhelming and rich. | was also perizto see that relatively few systems seem
to have emerged from the computers in the labthtcactual business domain. | believe the
reason for this is confusion and that researckailaied to very narrow and specific topics.
This makes it difficult to comprehend system inadidtic perspective.

So, instead of spending my time implementing arratbfaborative-filtering algorithm and
testing it, | decided concentrate my research omiging the solution of a complete push-
based, context-aware location based advertisergstars to provide a theoretical foundation
for this kind of system.

By doing this research | quickly discovered a hyghlathematical and automated trend which
made me question what role the actual user shaufaying in these complex and automated
systems. The user seemed to be wiped of the fieddsomething completely irrelevant and
outside the system. The system and the algoritle@®ed to be the primary objects and the
user the secondary, placed almost accidentallytir@gicture. |1 do consider these fully
automated recommender systems viable on the Welhéyare not immediately applicable

in the mobile environment.

Currently most location based services operatdionayer of user knowledge. They are
light-weight solutions. Most system takes only to@sumer location into account and is
primarily request-based as | described in secti@rabout the nature of the traditional
location based service. The consequence of adoptiigit-weight approach to a mobile
marketing system is ill-behavior in terms of inikgness and provisioning of irrelevant and
uninteresting information to the consumer. Thislisnately harmful to both the service
providers and the consumer.

Another important issue is to consider is user enhs terms of location tracking and the
necessity of obtaining permission to push commkarid other kinds of information on a
mobile user handset. The system proposed in tipergacus on this aspect of this kind of
system.

As I've already mentioned before, but repeat beedlis intention must always be kept in
mind, the World Wireless Research Forum stateglgldege ambitions of the next generation
of service provider systems in their I-Centric conmication service architecture, where the
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key goals expected of future location based sesvigzegpersonalization, ambience, adaptation
to user and environment.
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Chapter 3 - Scenarios and System Requirements

This section describes the system visions and reapeints to the AdvertLBS system.

3.1 System Requirement Guidelines

The AdvertLBS must be implemented according todlyeidelines:
1. The system shall abide to the WWREF I-centric Guidehes

The system shall be personalized, meaning it fieadin extension of the user and revolve
around the user. It shall be highly customizabléh®yuser and present, but at the same time
offer a transparency mode. Which mode is prevatsetiite choice of the user. The system
shall improve its recommendation accuracy autorallyiby learning mechanisms.

2. The system shall be unobtrusive in operation

Thresholds of uncertainty shall be establisheds&liereshold levels will prevent the system
from sending recommendations without a good eneaghmmendation accuracy estimate.

3. The system shall work according to the principle ofbest effort”.

The concept of “best effort” is a central termlie tAdvertLBS. Best effort is understood in
terms of providing recommendations which is peredifay the consumers as relevant in three
dimensions: time, space, and preferences.

The user is informed about the systems perceiviitiyab produce sensible recommendation
via the “estimated recommendation accuracy” vallms value is the concrete manifestation
of best effort in the system.

3.2 Scenarios and Visions

In this section | present four scenarios In thet sextion | will identify and describe critical
use cases related to the scenarios. The followiegasios describe the registration, location
tracking, and recommendation process.

3.2.1 Scenario #1 — Registration and First Impressns

A user (service consumer) has created a profilthe\dvertLBS web portal. She has
registered a short preference profile which dessribhe major service categories covering her
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interests or needs. She has further downloadeddiiertLBS mobile application to her
handset and is now installing it. The applicatiostalls successfully.

She starts the AdvertLBS mobile application entesername and password and is let in to the
mobile application dashboard. The dashboard imalsiuser interface with a
recommendation message inbox, simple profile upidatetionality, and settings. On the
dashboard there is also a status message indicatirgcommendations in inbox. There is
also a clearly visible recommendation accuracyrest, expressed in percent, on the screen.
The recommendation accuracy estimate tells hertaheuikelihood of receiving relevant
service recommendation messages based on the dystevtedge and context information in
the system. If this estimate is below a definedghold level the system will advice her to
improve her preference profile. If the estimat®s below a minimum threshold the system
will refuse to recommend services and inform ther about this. This will typically occur if
the user is new and have not provided sufficieatggence profile information for the system
to reason about.

3.2.2 Scenario #2 — Advert LBS Service Profile Regjration

A clothing shop (service provider) register on AuvertLBS recommender system. The shop
adds an advertisement for the shop. It's a shdpgeallothes for teenagers.

The shop register a service profile in service thess are&hoppingand service domain

Clothes A description of the shop, opening times, addflegstion) is added. The service

profile is extended with a target consumer profilee target consumer profile describes in
detail the target group of the advertisement, is thse the teenagers between 16 and 20 years
old. The target consumer profile is an extensioichvprovides the service provider with a
possibility to target a specific consumer group.

Eighteen year old Jill has registered in the systelothes are in her preference profile. Her
age and the, gender, and general preference pnodileh with the service description and the
target user profile. The match triggers the systesend a recommendation message which
contains the shop advertisement and map with & hawing how to find the shop.

The shop later decides that they want to creatéhanadvertisement in the system, but this
time the advertisement should include informatibaud jeans, price, size, and brand. They
use the service description template editor toteraaervice description template which will
describe the particulars of this service. The fs@lice profile description will be specific
and will rendezvous with consumers having regist@references which coincide with the
service.
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3.2.3 Scenario #3 — Advert LBS Service Recommendai

As a traveler John would like to know about intéresand exotic restaurants offering a

cheap quality meal in areas he’s currently visitifilgis applies only when he’s abroad and
only in some isolated geographical areas. He ismetested in recommendations in his home
town or places he knows well. Further he’s onlgiiasted in these recommendations between
4 pm and 8 pm as this is the time he might consdéng dinner.

John creates a preference record in the AdvertlyB&sn. In the preference record he
specifies Indian and Tibetan restaurants. He chyefalects the geographical areas where he
wants to receive recommendations and specified ¢onstraints.

As John is visiting Oslo he receives an advertisdgrota Tibetan restaurant. The
recommendation contains a description of the reatawvith a road description and a map.
John walks to the restaurant. The system trackddnitime restaurant and since the GPS signal
disappears when he enters the restaurant the systanthat John followed the
recommendation.

Since John found the Tibetan restaurant delighigubulls out his mobile phone and send
rating level “Very Good” to the system. He alsod®a positive response to a follow up
guestion of whether he wants to found the recommtgoa useful.

3.2.4 Scenario #4 — AdvertLBS Learning Capabilities

An airport decides to implement an information ssrwvhich will offer airline passengers on
their way to the airport information about avaigbplarking spaces, the opportunity to pay the
parking space by mobile phone, and if the custamiate arriving at the airport hurry it will
also announce the departure gate the passengegmigstThe airport adds the airport service
announcement together with a description of theiseto our push based announcement
service system — the advertisement can optionallg¥bended with a description of a typical
consumer profile — let’s say business people betwiety and fifty years old, owing a car,

not being a taxi or bus driver, and travelling gurequently from this airport.

3.3 Requirements and Use Cases

In this section | present the essential use cabahwprovide the base functionality in the
AdvertLBS recommender. The use cases presentedematibed in this section are later used
to identify and define steel threads for the impdatation of the base prototype architecture.

The use cases presented in this section exposedbarch challenges present in the project.
The research challenges will be discussed in metaldn chapter 4.
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As it is not possible to include a complete sais# case descriptions in this paper | will only
provide the use cases associated with the idethstieel threads of the AdvertLBS system.
The steel threads define the base architecturéusetionality in the system. A detailed
description of the base and alternate flows mustdseribed in a business implementation of
the system.

We will first have a look at the use case actorthesystem.

3.3.1 Use Case Actors

There are three primary actors in the system: 8eGonsumer, ServiceProvider, and
SystemCore.

Actor 1: ServiceConsumer

The ServiceConsumer actor is an end-user actorS€naceConsumer is an individual which
interacts with the system in terms of providingfpeo preference, and location information.
The ServiceConsumer is using a mobile handsetagiication or interacting with the
system on a web portal

Actor 2: ServiceProvider

The ServiceProvider actor is an end-user actor.SérgiceProvider is an individual,
business, organization providing services and aatewith the system via web portal.

Actor 3: SystemCore

The SystemCore actor represents the core recommgystem. The SystemCore is also
identified as an actor because it will use andatatactions towards external systems in order
to harvest context information, such weather, payrgeo-location, and other information.

3.3.2 Service Consumer Use Cases

The ServiceConsumer actor represents a singlgc@@sumer) interacting with the
SystemCore.
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<__q_ H_Transfer crntine Activity Log . </' Produce Semvice Rating '=~>

(:'"_ Register Personal Profile _5) <____I:Dcamn Updati___)

1

<:___ Registar Prefarence Profile %>

Figure 3.4.1 Service consumer use case model

| will now describe in detail the use cased reldtethe service consumer as given in the use
case diagram in Figure 3.4.1 above. In this reparll only describe a brief version of each
use case which contains a description, a thesi§igasion, and a brief description of the basic
use case flow.

| have added detailed descriptions with basic dtedrete flows, pre- and post-conditions in
appendix A.

Use Case #1 — User Register Personal Profile Using Web Portal

Brief Description

This use case enables the service consumer taeegipersonal profile using the AdvertLBS
web portal.

Thesis Justification

It is necessary to establish a service consuméditgpto be allowed to use the system. Also,
the registration will provide the system knowledaga&ch will be used.

Summary of Basic Flow

The user load the AdvertLBS web portal in a broveset click a “Service Consumer
Registration” link to register in the system. Treeuis redirected to the registration page and

register personal information. User receives anilemith a registration confirmation link
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which must be used to confirm the registration. iker will be provided with a username
and password. The user is allowed to log in togreaabkprofile management account.

Personal registration profile is stored in the systiatabase.

Use Case #2 — User Register Preference Profile Using Web Portal

Brief Description

This use case enables the service consumer taenegipreference profile using the
AdvertLBS web portal.

Thesis Justification

It is necessary to establish a service preferermi#igin order to enable the system to
immediately infer correlations between services asegls and thereby make
recommendations with a certain confidence.

Summary of Basic Flow

The user log in to the AdvertLBS system using uger® and password. The user is redirected
to the dashboard of her own personal web portaliatdc The user selects “Register
Preferences” from the menu and is redirected imqpreference profile editor. They user
specifies service business area, domain, catedibeyuser may add a list of keywords which
represents her interests. The user may also setmwice description record from a list of
templates within the service category. The serdg&scription record provide the user with the
opportunity to specify structured preferences of/\detailed products or services within the
service domain. The user registers the prefereraféen

Use Case #3 — Transfer Location Update from AdvertLBS Mobile Application

Brief Description

This use case enables the service consumer m@iplieation to transfer location coordinates
to the AdvertLBS system.

Thesis Justification
Location is the most important context informateament in a location based service. In

order to ensure the precision of the system ieensary produce a location update model
which balances the regular need for updates wétetimination of not needed updates.

Summary of Basic Flow

The mobile application transfer location coordisabased on a location update model and
policy. The location coordinates are fetched fro@RS device in the mobile handset and
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consist of coordinates, longitude and latitude sgig speed and altitude. The location update
is transferred to the system.

The system is aware of current user location act Eacation update triggers a pre-analysis
stage in the system to decide if there are relesamvices in the area.

Use Case #4 — Rate a Recommended Service

Brief Description

This use case enables the service consumer ta rammmended service and provide
feedback on the actual recommendation, using tHalenapplication.

Thesis Justification

A service rating provides the necessary correctiom®nsumer recommendations, and it is
the primary fuel of some parts of the recommendgicl This applies in particular to content-
based and collaborative filtering mechanisms if lygd in the recommendation logic.

Summary of Basic Flow

The user selects the recommendation and select ‘Seavice” from the menu. The user is
presented with the following rating levels: verydbhad, good, very good, excellent. The user
sends the rating and is at once asked if she fthisdating useful or helpful. The user select
yes or no and the rating is transferred to theesyst

3.3.3 Service Provider Use Case Model

The ServiceProvider actor represents a servicagepinteracting with system core. Figure
3.3.3 below show the use cases associated witketivece provider.
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Figure 3.3.3 Service provider use case model

| will now describe in detail the essential useetlielated to the service provider as given in
the use case diagram in figure 3.3.3. In the repamty describe a brief version of each use
case in terms of a use case description, a thestifigation (rationale for using it in the thesis
work), and a brief description of the basic flow.

Use Case #1 — Service Provider Register Business Profile on Web Portal

Brief Description

This use case enables the service provider toteegidusiness profile in the AdvertLBS
system.

Thesis Justification

Service providers register business informationciiis required to be allowed to add service
descriptions.

Basic Flow

Service provider load the AdvertLBS web portal roveser and click a “Register as Service
Provider” link to register in the system. The seevprovider is redirected to the registration

page and register business information. Serviceigeo receives an email with a registration
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confirmation link which must be used to confirm tegistration. The service provider will be
provided with a username and password. The us#loised to log in to profile service
management account.

Use Case #2 — User Register Service Description Profile on Web Portal

Brief Description

This use case enables the service provider toteegiservice description profile in the
AdvertLBS system.

Thesis Justification

The service description profiles represent therggdeentity in the system in terms of
knowledge representation and recommendation logic.

Basic Flow

The service provider log in to the AdvertLBS systesing username and password. The
service provider is redirected to personal web rgameent web area. User select “Add
service description” link and is redirected to seevice description profile registration page.
The service provider selects service domain, sema@tegory, and a service description
template and provides service information. Serpicider registers service.

The system stores service description in database.

Use Case #3 — Service Provider Create Service Description Template

Brief Description

This use case enables the service provider toeceeagw service description template in the
AdvertLBS system.

Thesis Justification

The service description profiles represent therggdeentities in the system in terms of
context representation and recommendation logis.dtvital tool to be able to customize the
templates in order to provide good service desont

Summary of Basic Flow

The service provider selects the service descrigBmplate editor. A service template has
any number of member elements. Each member elamgiven a name and type.
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3.3.4 AdvertLBS SystemCore Use Case Model

The SystemCore actor represents the AdvertLBS semeer system. The SystemCore actor
interacts with external services.

Figure 3.3.4 below show a selection of use cadateckto the functionality of AdvertLBS
system core applications.

< Get Locatian Map >

—

<’_ ReguestLocation Coordinates H) <—--""___ ___""--~>

Figure 3.3.4. SystemCore use cases.

| will now describe in the essential use casededlto the service core as given in the use
case diagram in Figure 3.3.4. In this report | atdgcribe a brief version of essential use
cases in terms of a use case description, a tlussiscation (rationale for using it in the
thesis work), and a brief description of the bdleiw.

Use Case #1 — AdvertLBS SystemCore Transfer Recommendation Message

Brief Description

This use case enables the SystemCore to producgeadd recommendation message to the
service consumer.

Thesis Justification

The purpose of the AdvertLBS recommender systeim isoduce and transfer service
recommendation to consumers.

Basic Flow
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SystemCore execute recommendation logic to produeeommendation. The
recommendation is sent to the user.

Use Case #2 — AdvertLBS SystemCore Request External Context Information

Brief Description

This use case enables the service provider to séguéernal context information from the
system.

Thesis Justification

In order to establish a rich context around theiserconsumer it is necessary to be able to
require information from external sources. An immégl source is weather forecasts.

Summary of Basic Flow

SystemCore fetch external contextual informationnyglementing service specifications and
store fetched data in a specified format in databas
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Chapter 4 - Research Challenges

The previous chapter | presented system visiongerdliced essential requirements in the
AdvertLBS system. In this chapter | will identifpé describe key research challenges
associated with the system visions and requirements

There are a number of challenges in the projectlagygare mainly related to the following
areas:

1. Context provisioning

N

Context representation

3. Location tracking and harvesting

4. Recommending logic and algorithms
5. Service rating models

| will in the next sections discuss these challengeorder to get the necessary context and
understanding of essential concepts used throughmsupaper. It is important to realize that
there has been a vast amount of research in edbks# fields and it is the purpose of this
thesis to identify the best solutions describelitémature for the AdvertLBS system.

4.1 Knowledge and Context Provisioning

In order to provide a high level of recommendatonuracy the system need access to a wide
range of consumer and service related contextrimdton. | will briefly touch these issues in
this section to provide necessary context.

In literature contextual information is normallyiled into knowledge and context
information. | will follow this established divisioin the AdvertLBS system.

The distinction between knowledge and context ggartant. In the following knowledge is
defined as information which is provided by the lomer and provider to the system.
Context is defined as information obtained by #gs@mmender from external source, such as
location, weather data, etc.
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4.1.1 Static System Knowledge

The knowledge information is what the service comsuand provider supplies in terms of
filling in registration, preference, and servicenis and submitting it to the system. The
registration is mandatory for both service provadand consumers in AdvertLBS.

The preference profile registration is also mangaitoterms of defining service domain and
categories. The user is not required to creatensite preference profiles.

The challenges related harvesting consumer knowladgalance between the kind of
information the service consumer would be happyabbaring and what is considered to be
private and non-shareable with a system. This probs$ closely related to the topic of trust
and security which is | discuss in chapter 6.

Service Consumer Profile

The service consumer profile is mandatory and éefstatic information such as name,
address, civil status, gender, age. During redistrahe user is also required to accept a
service consumer agreement which states issug¢eddtalegal issues and confirmation
related to location tracking and of pushing servesmmmendations onto the mobile handset.

It is the aim of the AdvertLBS system to be persoomal for a mobile user. This implies a
maintaining a very high level of quality in the ®®. An anonymous profile would not
support this goal. Another reason is of a moregte\character. It is vitally important to get
permission to receive and process location cootelinand to be allowed to push
advertisement messages to the handset by the astrabf the mobile handset. An
anonymous profile would not be sufficient and cocadise legal issues if not handled
appropriately.

Service Consumer Preference Profiles

The service consumer preference profile is alssidened mandatory and describes the
user’s preferences within the domain area of th@a@recommender. In the case where the
domain area is selected in the AdvertLBS the comswould specify an interest in shopping
and electronics equipment. This profile is mandatm a high service area/domain level, but
strong incentives should be provided in order tiotige consumer to create detailed preference
profiles, as this will improve the recommendati@cwracy.

The provisioning, representation, and processingposumer preferences are described at
great length in this paper and is partly basedremipus research and partly on my own
considerations to what might have the potentiavdok in AdvertLBS system.
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Service Provider Business Profile

The service provider registers a business prafikaé system. In order to use the system the
service provider must register a business prdfiig.only possible for officially registered
businesses, organizations or individuals to regeseservice providers. In other words, only
professional actors in the market can use the syatea marketing channel.

The service provider is required to confirm a segvprovider license, stating the
responsibilities of the service provider and of AuwertLBS system.

During registration the service provider is presdnwith various payment options. The
subscription scheme is however not considered ansgue in this thesis as this is a business
decision and as such not a research challenge.

Service Provider’s Service Profiles

A service provider may register any number of sErdescriptions. A service description is
as the name implies a description of a servicadénAdvertLBS system a service description
translates directly into an advertisement of a pobda retailer, or a service.

All service description profiles are based on serdescription templates (SDT). A concrete
instance of a service description template is dalservice description record (SDR). There
service description templates are associated Wélsérvice domain categories. There are a
limited amount of predefined SDT’s in the systemiclilthe provider can use to define
services. The service provider can also custonizeeate new SDT'’s to fit their need and
purpose.

4.1.2 Dynamic Context

Dynamic context information is constantly changifige system is responsible for producing,
tracking, and representing the dynamic contextrmédion. In this section | will describe the
dynamic context information dealt with in the syste

Service and Recommendation Ratings

Service consumers produce ratings on service cbritka service content rating tells the
system of the quality of the service the systeromauended. This kind of rating provides the
system with knowledge about services and will edus by both recommender logic and
service monitoring to improve the quality of recoemdations as well as to improve the total

36



Chapter 4 — Research Challenges

guality of the services in the system. The ratgigsed in the content-based and collaborative
filtering algorithms.

The recommendation rating concerns the actual rewndation, not the service, and is a way
to adjust consumer preference profiles. The recomaaigon accuracy can be as simple as a
guestion to whether the consumer found the recordatam useful or not.

Service Usage History

Consumers registered in the system will have asensage history with associated service
ratings. It is likely that many consumers will romither with providing a rating on every
service recommendation. It is necessary to fincethod which will let the system
automatically infer, beyond reasonable doubt, thetconsumer used the received
recommendation. This could be possibly be realmedroviding feedback to the system
when user open and read recommendations and w®fotracking to see if the user went to
the recommended service location.

The service usage history is also used in conneetith the formation and maintenance of
collaborative groups.

Location Tracking

Location is the most important context informatiorthe system. It is vitally important that
we find a clever location updating model. Thereafew challenges associated with location
updates which must be resolved in order for théesys$o be of service to a large number of
consumers. | will briefly review some of these ssmow and later provide solutions.

A major concern about mobile handsets providingtion updates is that that it will overload
the system in terms of processing resources whenumber of users becomes high enough.
The primary reason for this concern is that a locatipdate will trigger the recommendation
logic to identify potential services in the neighbhood, and this process will require a fair
amount of processing power. It is important to fimddels which only will transfer

significant location updates. So, a method to redhe number of location updates per
consumer without compromising the accuracy of gstesn is required. Already we can see
that the mobile handset must implement some lagibe location updating model.

Another issue is associated with the drain of neobédndset batteries by a continuously
operating GPS device. This is a difficult problesrtlae mobile handset requires a continuous
stream of location updates from the device in otdefecide if a location update should be
transferred to the system. It might turn out difft to implement some regime to turn the
GPS device on or off. We will look into this probilevhen discussing the location update

model in later chapters.
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Other Context Sources

The previous sections described system knowleddeamtext elicitation related to service
and consumer activity. In this section | will dissta few other sources of context
information.

Weather Forecasts

Weather forecasts represent important informatsteted to a number of services. A weather
forecast let the system reason about weather, \@miltfemperatures. As the system is not
capable of producing this kind of information os @wn accord it is necessary to harvest
weather information from external sources. In tagecof weather a meteorological office
providing a web services or and FTP server woutdiple a viable solution.

A question related to weather information is hoshibuld be harvested. We might consider
fetching it in real time (when it is needed) andgibly caching it for defined duration. This
would probably be inefficient in terms of procegstime and could result in a queue of
requests towards the weather service. Another estehply better strategy would be to
harvest weather continuously over areas populatddservices. As the weather can change
by the minute a weather forecast validity mustdiatively short.

The actual format and representation of the wedttecast is decided by the weather service
and the system must implement parsers to resolyedmnact relevant information.

Route learning

People move in regular and predictable patterngplBego to work in the morning and go
back home in the evening and pretty much at theegame of day. Patterns emerge and
disappear. The system is capable of analyzingitwtatata and produce common routes and
thus be capable of predicting where users willtbghat days and times. The route learning
could also be aligned with the list of service maoeendations in order to infer whether user
visited recommended service location.

| will not go into the details of solutions to theute learning problem, but only mention it as
an opportunity for system improvement.

Online activity logging

An approach to gather context information abouser is to harvest and analyze information
related to online activity in terms of web browsimapits. In this way the system can learn
about regularly occurring keywords, URL’s and tapat interest. The system can use this
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information to weight preferences or to establisivmuser preferences. A human being is a
dynamic entity and sometimes moves in unpredictdineztions. Online monitoring might
detect this and establish new recommendation paths.

This is particularly relevant context provisionirejated to the content-based filtering
recommendation algorithms as this algorithm worthvaiuto-generated user profiles based on
ratings, service history, and other learning-relatentext information.

It is off course necessary to obtain permissiomftbe user to harvest and transfer this
information to the system for analysis. This madestrongly correlated to the users
perception of the system as a trustworthy, seame serious actor.

4.2 Context Representation

The context information must conform to a represgonal form in the system. Literature
describes different ontology description languagesh as W3C Web Ontology Language
(OWL) used by some recommenders. Other strategies &lso been employed, such as W3C
Resource Description Framework (RDF) or by usirgpgetary ontology’s.

The AdvertLBS is a low-profile and compact LBA intked to be used in business areas for
efficient and personalized mobile marketing. Thetaw is not all-encompassing and with
ambitions of incorporating a centralized repositofgontext information for all kinds of
location based services.

On these considerations | have opted for a comggxesentation in XML, and all definitions
of all XML structures are defined in XML Schemagdl into details on the representation of
context information in chapter 5.2.4.

4.3 Recommender Logic

The purpose of the recommender logic is to prodel@ant service recommendations to the
consumers. The data used by the recommendatianiogroduced by the knowledge and
context provisioning mechanisms.

As | mentioned in the in the introduction part lostthesis there are a number of different
algorithms. The AdvertLBS use a hybrid approachkexvice recommending.

The hybrid solution applied in the AdvertLBS systsnbased on three established types of
strategies used in most recommender algorithmbi®mweb: knowledge based, content-based,
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and collaborative filtering. | have also includedegraphical analysis module to make sure
location is analyzed and used to perform prepracgsd user and service locations in order
to obtain maximum benefit of location context.

4.4 Service Monitoring

It will be necessary to design a service monitormagel. Service monitoring is of crucial
importance in order to secure a well-functioningoremender. Services in the system will
get old and they will be of different quality. Otheervices will probably not be according to
the regulations and rules in the system (containlmgrenity, sexually explicit advertisements,
etc) and should be blacklisted.

It is important to keep the repository of serviopslated and fresh in order to provide high
guality recommendations. The model must also ertbiereommunication with service
providers in terms of statistics and rating lexadsociated with the registered services.
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Chapter 5 - Solutions and Design

In this chapter | will present the suggested deaigph provide solutions to the research
challenges associated with the system.

| intend to define the steel threads in the sysiEme. steel threads identify the most critical or
important paths of execution in the system. ltoissidered important to establish the threads
in order to establish confidence in architecturé solutions.

I will discuss solutions to the research challenggsociated with the system.

5.1 Steel Threads

In this section | describe system steel threads.sEt of identified steel threads implements
the base system architecture and functionalityearsdire that all critical aspects of the system
functionality have been covered. This is a comniskineduction technique employed in
software design and is in same manner appropndtad context to provide confidence in the
solution.

| have identified 6 steel threads.
5.1.1 Steel Thread #1 — Create Profiles and Servi€eescriptions

Goals
1. Establish and represent service taxonomy and kromeleepresentation

2. Represent and make service consumer and serviecgl@raontext information
available in AdvertLBS system.

3. Establish communication between web server an@isysbre.

Scenario

1. Service consumer produces personal and prefereofikewn the web portal and
transfer to system.

2. The service provider creates business profile andee description profiles and
register in the system.

Result
Static knowledge information is readily availabbe the hybrid recommender logic.
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5.1.2 Steel Thread #2 — Transfer Location Coordinats to System

Goals

1. Ensure that location updates is transferred t@ystem successfully and according to
the established location update model

2. Ensure that geographical area of interests filtend on mobile application and in the
system.

3. Establish communication session between mobilei@mn and system core.

Scenario

A consumer set up a communication session wittesysbre front-end. Consumer transfer
location coordinates. Depending upon the locatjoslate model the session is removed or
kept active.

Result

1. Location update model established.

2. System receives and store location coordinates.

5.1.3 Steel Thread #3 — Dynamic Context Provisionin

Goals

1. Produce content based consumer profile based imigsaservice history, online
activity monitoring, and route learning

2. Produce and maintain collaborative groups of “samiilisers.

3. Harvest weather forecasts.

Scenario

1. Service consumer provides service and recommemdiaimgs. System receives,
analyze, and compute average ratings.

2. Groups of similar users are associated in collab@groups based on preference
profiles.

3. Weather is harvested from weather services. Théheess harvested continuously in
areas where there is a large population of consaimer

Results
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Dynamic context is readily available for the hybrtommender algorithm.
5.1.4 Steel Thread #4 — Service and RecommendatiBating

Goals

The goal of this steel thread is to produce, amglgmd store service and recommendation
ratings received from consumers.

Scenario

1. A consumer rates a service on a scale from bagidellent and transfers the rating to
the system.

2. A consumer rate a recommendation by answeringipelsitor negatively.

Result
1. Service associated with rating.

2. Consumer’s content-based preference profile updated

5.1.5 Steel Thread #5 — Service Hybrid Recommendeogic

Goals

The goal of this steel thread is to trigger therid/becommender algorithm. This can be
performed or implemented in 4 steps:

1. Recommendation based on geographical analysiscofamsl service.

2. Recommendation based on match between consumergmeé profile and service
profile

3. Recommendation based on content based filterirgitgign
4. Recommendation based on collaborative filteringadigm

5. Recommendation based on hybrid algorithm (comlonadi all algorithms)

Scenario

A location update received from a consumer triggermatching algorithm. All modules or
algorithms in the hybrid recommender logic conttéto the final recommendation message
issued to the consumer.

Result
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For each algorithm in point 1 to 4 a list of seedgavhich match the services are produced. A
score is associated with each service on the list.

For the hybrid algorithm a total score is computedh averaging the output from the
constituent algorithms and the service with thénbgj score is recommended.

5.1.6 Steel Thread #6 — Service Monitoring

Goals
The goal of this steel thread is to establish gisemonitoring model.

Scenario

A location update from a consumer triggers the laybratching algorithm. The collaborative-
filtering module

Results
A list of services is produced.

5.2 Knowledge and Context Provisioning

In this section | will discuss the solutions to ttemtext provisioning framework in the
AdvertLBS recommender system.

5.2.1 Knowledge Provisioning

The primary means of harvesting knowledge aboutsuseghe system is by allowing the user
to specify personal preference. This applies imuahs of recommender systems, but in
particular for systems giving recommendations imgmy sensitive domains, such as in a
mobile environment. The AdvertLBS system has tloeeebpted for an initial registration of
preference profiles. Other preference elicitati@chanisms will come into play at a later
stage in order to improve the recommendation acgura

| will discuss the manual profile registration as®tvice rating model in this section. | will go
into details of what kind of information must beyided in order to get information from the
user which will maximize the ability of the recommaker logic to provide good
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recommendations. Other relevant information castbdied in detail in section where the
backend database architecture and tables are ldes$ani chapter 5.2.7.

Service Customer Profile Registration

The service consumer needs to register a persaofdepn the AdvertLBS system. This
personal profile contains both mandatory and opliofformation elements. | will now
describe the personal profile and explicate onaifieportant elements.

The consumer registration does not require thatisiee disclose her identity in the public.
The identification is only used internally in theseem An identification of the user provides
more credibility to the system in terms of respbitisy and better chances of receiving
credible service ratings. Identification might als®used to induce consumers to improve
their preferences, recruit other users, provideenservice ratings, maybe in return for some
kind of rewards or gifts. There a numerous possi#sl to stimulate the use of the system.

As location tracking is questionable from both @aleand ethical point of view it is necessary
to inform the user and explicitly request permisdio receive and use location coordinates
produced on the mobile handset in order to prodecemmendations. In the AdvertLBS the
consumer is requested to read and sign a consumeact which permits the mobile
application to transfer location coordinates togiistem and consequently that the system is
allowed to send recommendation messages to theim@nsThe contract also states the
responsibilities of the system in terms of privatynformation and security. The system will
not allow the user to register unless this contisaagreed to.

Table 5.2.1 a) summarize some of the most impomdotmation obtained from the user, and
highly relevant to recommender logic, in the peedqmofile registration

Information Element Description

Age Age of the user. Age is an important service @roduct
discriminator.

—F

Gender Gender of the user. Gender is an imporémice and produg
discriminator.

Civil status Civil status of the user.

Table 5.2.1 a) Recommender logic relevant consymmadile information elements
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Service Consumer Preference Profile Registration

It would be entirely possible to implement a fudlytomatic learning machine that would
learn about user preferences also in a mobile @mvient. This is however a more feasible
solution for recommenders on the web where thevisgweb sites, download documents,
browse products and items, etc. On a mobile harlisekind of activity is not that common
and it is likely that the time used to build a ¢bédel preference profile would require too long
time to become effective in terms of providing w@et and useful recommendations.

The AdvertLBS system uses a service taxonomy tistergservices. The same taxonomy is
used by consumers to define preferences. A prefengrofile consists of a specification of
the service business area of interests, the sesvé@domain, service domain category, and
possibly a service category description recordetiine specific interests and needs. These
elements are outlined in table 5.2.1 b) below. 3érwice taxonomy is described in detail in
chapter

Information Element Description

Service Area Business area.

Service Domain Domain within the business area
Service Category Category within the domain.
Service Description Record Detailed service desongecord.

Table 5.2.1 b) Consumer preference profile elements

This service taxonomy makes the AdvertLBS generierms of service business areas it is
configured to operate within. In the area of sexviecommender it is common to specialize
within a narrow business area, such a shoppingglirenovies, music, etc. The AdvertLBS
allow this specialization, but is also capableagfresenting multiple business areas at the
same time. A few examples serve to illustrate #rgise consumer preference profile
registration.
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Example 1

A consumer wants to receive recommendations aboutikbn single-lens reflex
cameras.

Preference Profile

Service Area: Shopping
Service Domain: Electronics
Service Domain Category: Photo and Video
Service Category Description Record:
Camera: Nikon
Price-Range: 3000 — 5000 nok

Type: Reflex

Figure 5.2.1 a) Example 1. Service preference lgreftample

In example 1 the consumer is very explicit anaaking for a Nikon reflex camera in the
price range from 3000 to 5000 NOK. There are n@ggghical restrictions or time
restrictions in the preference record.

Here is another example which introduces tempardigeographical constraints in the
consumer preference profile.
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Example 2
A consumer wants restaurant recommendations, eithendian or Chinese.

Preference Profile

Service Area: Food

Service Domain: Restaurants

Service Domain Category: Indian, Chinese
Time: Friday, From 1600 to 2000

Time: Saturday, From 1900 to 2200

Geographical Area: Oslo, Arendal, Stavanger

Figure 5.2.1 b) Example 2. Service preference lgrefith geographical temporal constraints

In this example the consumer wants to receive rec@naations for either Indian or Chinese
restaurants, but only on Friday between 1600 o020 on Saturday between 1900 and
2200. The consumer has put some geographical eorstn the preference profile as he
only wants to receive recommendations when he @sio, Arendal, or Stavanger. In the
system the geographical constraints would be repted as boxed or by polygonal regions
defined by longitude and latitude coordinates.

As we can see from the examples it is pretty myrtouhe consumer to create preference
profiles which will provide him with good recommaattbns. A preference profile can be
extremely simple or it can be extremely complexisTreedom to influence and customize
the system is considered important in terms reaitine personalization element referred to
in earlier sections. This does not preclude théesysrom learning from experience and
automatically produce consumer preference profde$y draw inferences related to what the
collaborative group says. These are complimentagath other.

Recommendation and Service Ratings

It is very important to encourage the user to pte\service and recommendation ratings. The
ratings are the primary key to learn user prefezenc

On a mobile platform it might prove quite difficuti get enough ratings. It is not possible to
recommend a lot of services to the consumer inrdadiearn user preferences. This is what
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literature refers to as the cold start problens tinly over time the ratings are going to give
significant information about consumer preferente#®dvertLBS this problem is solved by
allowing the consumer to create preference profiles

The user is encouraged to provide ratings on recemdied services. A service typically
represents a concrete object which might be auestg a shop, a product, something
substantial which the user have been interactiriy. wi

As it is not possible to conclude that the acteabmmendation was according to the taste of
the user based on the service content ratingnip®ertant to receive ratings on the actual
recommendation. This must be done in a clever wagferably in combination with the
service rating operation. There can be several wagbtain this information. In AdvertLBS
this is can be solved simply by asking the usemaple question: “Did you find this
recommendation useful?” The user is given two answes or no. User select yes or no and
ratings are submitted to the system. If the reconttagon rating question is given in
associations with a service rating it is likelyo® done by the user.

In terms of the technical aspects of the recommelodé the ratings are of importance for a
well-functioning content- and collaborative filteg algorithms.

In association with a users service history welggpe that the consumer provides ratings of
the services he consumes, but we should not couitt he recommended service together
with a rating would over time provide an excellbasis for a system generated consumer
preference profile. However, we should not expleetuser to contribute with ratings on every
service recommendation, so in most cases the sygiiénmot know if the recommendation
was good or bad.

In order to solve the likely problem of a relatiyébw frequency of service ratings it is
necessary to apply other means and methods tdisktatedibility to the consumer’s
content-based preference profile. | will descrideva indirect methods which will provide
some information about a service and if the conswsed the recommended service.

Given that the system issues a recommendatioretodhsumer. The consumer read the
recommendation and decides to try it out. The systacks the location of the user close to
the recommended service. Depending upon the titveckea the closest point to the service
and the disappearance of the GPS signal we canviitfea reasonable level of certainty that
the user actually visited the service location T&igsed by the recommender to confirm a
preference element.

Rating Model

The service rating model is based on a range freiy vad, bad, good, very good, and
excellent. These ratings are represented as inafyezs in the system, from 1 to 5. Average
ratings are continuously computed for each semrzkstored in the service profile record in
the database. It is possible to provide a briefroemt with each rating. The comments are are
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as such not something to be used by the systensubutitted, together with the rating levels
and statistics associated with services, to theaeproviders as it might contain hints to
improvement of services.

In order to prevent consumers to actively try tpiave a given service based on false
premises, such as friendship, own business, or stineg illegitimate reason which could
trick the system to recommend bad services, eatsucoer may only contribute with one
rating per service. However, the consumers haveppertunity to modify the rating
provided. There are no limitations to the numbetiroés the user can modify the rating.

The Expert Rater

In any domain there will be experts. There willrbstaurant experts, shopping experts,
electronics experts, etc. The definition of thentexpert in the context of the AdvertLBS
system is a consumer (user) having provided ratiegslarly within a certain service
domain/category, and over an extended period d@.tithe expert rater is identified in the
system and is given a stronger influence in thi@abolative filtering algorithm than non-
expert consumers.

Online Activity Logging

Smartphone’s and advanced mobile handsets withldeaitisplays and web-browsers allow
the user to browse web sites. Logging and analythiagisers’ online activity is most likely to
provide strong leads to user preferences. Thiff isooirse another issues which the user must
be made aware of and give permission to.

Most browsers save bookmarks and recently visited s the file system. It would be
possible for the mobile application to collect timformation and transfer it to the system core
for analysis. Regular analysis of recently visieb sites would provide indications of user
preferences.

With access to URL'’s the context provisioning fravoek would be able to fetch web page
content for text analysis.

5.2.2 Context Provisioning

As we have now discussed the knowledge provisiosagme used in AdvertLBS we will
now have a look at automatic context provisionimghie system. Knowledge based systems
would probably in most cases be sufficient if welldaely on each user’s interest and
participation in producing detailed and qualitatyvgood preference records. This is however
not something to be taken for granted. It is mikely that the majority of users will not
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provide good enough preference profiles. This iséer resolved by learning and
collaborative algorithms implemented in the system.

Even though the system is customer-oriented anayhapntrollable by the user, it is also a
prime motivation to eliminate user interaction ascimas possible. It was based on these
considerations found necessary to provide othehargsms in order to improve consumer
profiles automatically and thereby also improveeh@re recommendation process.

In this section | will discuss issues related taaiyic context elicitation mechanisms and |
will start with the most important context elemenany location based service, geographical
location.

Geographical Location Update

The location update transferred from the mobiledsahto the AdvertLBS system represents
the most important piece of dynamic context infaiora The location update tells the system
where the consumer is currently located. The systeable to identify a set of services
located around the consumer. This will effectivegluce the number of services to consider
during the matching process between service psoditel consumer preferences. In areas of
heavy service populations there might still be éegal lot of services to consider, for example
in a city. This will also depend on the proximisttngs of the consumer.

Different research papers discuss various locatpmtate models. Kupper and Treu [7]
investigate and present a number of location updatirategies. | will briefly mention these
strategies to provide background behind my seleaifdhree for the AdvertLBS system.

Table 5.2.2 a) provides an overview of the locatipdate strategies presented in their paper.

Strategy Description
Query The system request position on demand fraimilendevice.
Piggybacking Position data is included in regulassages from the mobile handset

to the system.

Immediate An update is triggered each time tha&tiposchanges

Periodic An update is triggered each time a prénddftime interval elapses

Distance-based Mobile device compute distance letwast and previous position.
An update is triggered if the distance exceedsdgimed distance
threshold.
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Zone-based An update is triggered if the mobilaaieenters or leaves pre-defined
zones. A zone can be defines as a point, circle, br a polygon.

Table 5.2.2 a) Location updates strategies (frormppg€un and Treu [7])

The query strategy does seem promising from theeAHBS point of view as the system is
aware of the distribution of services and has imatecknowledge about the distance between
services and consumers.

The piggybacking strategy is of no use in Advertl&3here are no regular messages
moving from the handset to the system, exceptdbation update message itself, where the
location update could be piggybacked.

The immediate strategy will be overkill in termsaserloading the system with unnecessary
amounts of location updates.

The periodic strategy is possible, but not veryphglsince we have to take movement and
speed into consideration in the location updateehd®consumer moving on the freeway
could be way past a service that would otherwise teeen recommended but failed to do so
because the timer hadn’t elapsed and transferi@chtion update to the system.

The distance-based strategy seems promising ak iake speed into account.

| will now, based on this brief consideration otdating strategies, present the location update
strategies selected for the AdvertLBS system.

The AdvertLBS Location Update Model

Consumer location is fetched from a GPS devic@@miobile handset. It is the responsibility
of the AdvertLBS mobile application to request Gi@8rdinates from the device, process it,
wrap it up in a message and transfer it to theegyst

The location update model is divided into threatsgies: 1) geographic processing, 2)
distance-based strategy, and 3) query strategiyl. ¢xplain each of these strategies and their
combined effects.

It is very important that the handset contributéhvei slight amount of geographical pre-
processing before the location update is transddoéhe system. The reason for this is to
offload the system from a lot of unnecessary preiogsof location coordinates which in most
cases will amount to no recommendation. This isrevfiee concept of geographical areas of
interest comes into play.
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The concept of geographical areas of interest ntant as this can be defined by the
consumer during registration of preference profiesonsumer can select an area where
he/she wants to receive recommendations, or atteehaselect areas where he/she does not
want to receive recommendations. This informatsthen transferred to the mobile
application and stored in the consumer handsetcgioin. Location updates are only sent
from the handset when the user is within the gqagcal areas of interest.

The geographical area of interest is however nificgent as most consumers will not bother
to define these areas but will operate with thedkefwhich could be the country they are
currently located in or even the whole world foattkake. We need other mechanisms to
reduce the number of location updates.

In AdvertLBS the adopted default location updatatsgy is distance based. A new location
update is sent when the distance between theoleetidn update and the previous location
update exceeds a threshold value. The threshdlefiised to be a dynamic entity which
depends on the service population in the area whereonsumer is located. To take
advantage of the dynamic distance threshold we teeedroduce yet another location
updating method, the query method.

The query strategy is quite suitable in this respsdhe system is capable of doing light-
weight analysis of the distribution of servicesmiecation, and direction of movement.
When the system query the mobile handset the a@ffgutmarily to increase or decrease the
distance-based threshold. This information is ueaequest the mobile handset to relax or
intensify the location update frequency. In thrategy other factors will come into play,

such as when user is within an area where thererdyegreviously recommended services, or
the user has already received recommendation.

GPS Location Log

Even when location updates are not transferredesystem the mobile application can be
configured to produce a location log. The locatmmcan be updated on an regular basis. The
location log is regularly transferred to the sysfemanalysis and route learning. The location
log is likely to reveal regular patterns in movemand can be used to isolate a subset of
services in the proximity of the user paths.

Weather

Weather information is fetched from weather sewjigeeferably meteorological institutions
for accuracy. Weather information can be fetched oeed basis, but this will require a a lot
of requests to the weather service, so this mathodt viable.

The weather context provider in the AdvertLBS systearvest weather data on a regular
basis. Normally the weather service provider upgatdished weather data regularly. The
information published is normally global, restrigti® country, or regions. The weather
harvester in AdvertLBS request and download thethezdiles.
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The harvester parses the weather files and stosesther forecast associated with
geographical location (longitude, latitude) togetivéh a geographical extension expressed in
kilometers. The parsed weather forecasts are shorgNIL format.

All that is required is a simple lookup in the deiae table based on position coordinates to
find the weather forecast applicable in the context

The context provisioning framework is responsildiekeeping the weather forecasts up to
date.

Collaborative Context Elicitation

The process of forming collaborative groups inAldeertLBS system is based on two
dimensions: the similarity of ratings and preferepcofiles, and it will adopt a memory-
based collaborative filtering approach which me#as the algorithm scan preference
profiles, service history and rating tables to prela set of similar users.

The AdvertLBS system continuously scans databasesmhage collaborative groups up to
date. Each user is given a shared collaborativepgidentifier which links the users in a
collaborative group.

When a location update triggers the collaboratilerfalgorithm in the recommender logic
the algorithm uses this identifier to find the damiusers to compute the vote. | will explicate
on the recommendation part of the collaborativeriihg algorithm in section 5.2.8.

5.2.3 Knowledge and Context Representation

The previous section discussed the methods usadvade context information. Knowledge
and context information is complex and need torgamized in a way that makes it
comprehensible both to humans and to computeesmnstof analysis and transfer of
information between different systems. In thistisecl will describe how context
information is represented in the proposed Adve8ldystem.

Service and Preference Profile Taxonomy

The following generic service classification hiefay is used in the CLBS to categorize and
detail services descriptions. Figure 5.2.3 a) bedbaw the service classification hierarchy.
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Service Description Record

Service Category

Service Domai

Service Business Area

Figure 5.2.3 a) AdvertLBS service classificatioarhichy.

We observe that as we climb up the pyramid in thssification hierarchy we increase the
level of detail in the service description. | wallovide definitions and details about each level
in the following sections.

Service Business Area

The service business area is the base level iseitvice taxonomy and represents the highest
abstraction level of service descriptions relateddvertisement and the business areas in
which the AdvertLBS is deployed and put into opierat

Examples of some typical service business areasawthe AdvertLBS could be put into
service could be Entertainment, Food, Shoppingvélyatc.

A business area will normally consist of a numbdrusiness domains and this brings us to
the next level in the service description hierard¢hg service domain.

Service Area Domain

A service domain is a refinement of the servicarmss area and let the service provider
specify a domain within the business area. Thelleypically be numerous domains within a
business area. A few examples serve to illustheebncept of a service area domain:
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The Entertainment business area hosts a numbemnadids, like cinema, music, theatre,
opera, circus, and so on. So in the case of setettie entertainment business area it would
be possible to select the music service domain.

In the business area of Shopping we can identdyfaowing service domains: clothing,
electronics, furniture, groceries, and so on. Siiéncase of selecting the shopping business
area it would be possible to select electronics sesrvice domain.

Service Domain Category

A service category represents a specializationimvdhservice domain. A few examples will
service to illustrate the purpose of the servicadio category:

In the Music service domain category typical exaapif service domain categories could be
rock, classic, rap, R&B, techno. It could also noustore or a concert.

In the Electronics service domain typical examjolieservice domain categories could be
photo, video, stationary computers, laptops, mattienes, and so on.

A consumer generally interested in photo couldstegia very simple preference profile, like:
“Shopping — Electronics — Photo”. This would make tonsumer a potential candidate for
recommendations shops or business dealing witroghaphy.

We understand that the service domain categorgsepts a further refinement of a service
area domain.

Service Category Description Record (SCDR)

A service detailed description record represerdgsitghest level of service and preference
description detail in the AdvertLBS and can be usgthe service provider in dynamic and
customizable manner to detail a service all the d@yn to a single item or service
description.

A few examples of service detailed description rdglustrate the purpose:

A cinema creates a service description record witte category action movies. The SCDR
details the movie with name, leading actors, tiamel price. Service consumers having
registered a preference for this particular movitoomovies with the specified leading
actors are likely to receive a recommendation ngesgaven a favorable context situation.

A Chinese sushi restaurant register a general isierent description record in the
“Chinese” category (under Food — Restaurants —&3athand details a few good offers, and
opening times. A consumer having registered a prrée for sushi restaurants is a candidate
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to receive a recommendation. Other consumers haggigtered preference for Chinese
restaurants are also likely to receive a recomntenda

The SCDR'’s are based on XML schemas. The systesnsafiefault templates in the
respective service categories, but the serviceigeoware also offered an easy way to
customize or create own templates in order to bd#scribe unique services.

It is important to realize that the SCDR represantsndezvous point between the service
provider and the service consumer. The SCDR teempkate available for consumers to use
when providing detailed information about spedifreferences.

The Recommendation Accuracy Estimate

The recommendation accuracy estimate is a dynamity @xpressed in percent. It expresses
the currently perceived accuracy of the systeneliation to the consumers. The
recommendation accuracy estimate is computed asdte knowledge the system have
about the user.

The actual computation of this value can be aslgimpas complex as we would like it to be.
The solution I've selected for the AdvertLBS congptlie accuracy estimate base on the
following considerations:

» the level of depth in the preference profile dggewn, pertaining to service
descriptions, geographical, and temporal aspects

» the presence of regular updates within geographreals of interest as location is the
all-important context element that will make theteyn learn on its own accord

* The rating frequency of the user as this impliégter learning rate for the system.

» the size of the collaborative group associated thighuser — a smaller group give a
higher likelihood of relevant recommendations &ytare more tuned in on
preferences

A weight is associated with each of these elema&misis summed up to produce the accuracy
estimate.

The estimate is always available to the user imbbile application. The user can improve
the estimate by improving preference profiles, smevices more frequently, or ensure a
regular stream of location updates which will et system identify services and do
recommendations.
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5.2.4 Knowledge and Context Representation - XML $&mas

The AdvertLBS system is designed to use the W3C X3dhemas, also referred to as XSD,
to define the format and structure of XML documeststaining knowledge and context
information. XML Schemas were selected for thisgmse because it is flexible and is an
established de facto standard in the industry.

In this section | will provide the details of théV) Schemas used in the AdvertLBS. This is a
rather long and detailed section providing elalsituctures, but it contains descriptions of
the very core entities of the system and shouldabpefully studied.

XML Schema Definitions

This section describes common XML schema defingishich are used to describe services
and preference profiles.

Basic Type Definitions

This section describes common XML Schema type diefns.
STRING TYPE
<xs:simpleType name="string_t">

<xs:restriction base="xs:string"/>
</xs:simpleType>
INTEGERTYPE
<xs:simpleType name="int_t">

<xs:restriction base="xs:positivelnteger"/>
</xs:simpleType>

DECIMAL TYPE

<xs:simpleType name="decimal_t">
<xs:restriction base="xs:decimal"/>
</xs:simpleType>

BOOLEAN TYPE
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<xs:simpleType name="bool_t">
<xs:restriction base="xs:boolean"/>

</xs:simpleType>

TIME TYPE

<xs:simpleType name="time_t">
<xs:restriction base="xs:time"/>

</xs:simpleType>

DATE TYPE

<xs:simpleType name="date_t">
<xs:restriction base="xs:date"/>

</xs:simpleType>

Domain Specific Type Definitions

This section presents a set of more complex schgmeadefinitions.

SERVICE DOMAIN CATEGORY TYPE

<xs:simpleType name="domain_category_t">
<xs:restriction base="xs:string"/>
</xs:simpleType>
DAY TYPE
<xs:simpleType name="day_t">
<xs:restriction base="xs:string">
<xs:enumeration value="Monday"/>
<xs:enumeration value="Tuesday"/>
<xs:enumeration value="Wednesday"/>
<xs:enumeration value="Thursday"/>

<xs:enumeration value="Friday"/>
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<xs:enumeration value="Saturday"/>

<xs:enumeration value="Sunday"/>

<xs:enumeration value="All"/>
</xs:restriction>

</xs:simpleType>

CURRENCYTYPE

<xs:simpleType name="currency_t">
<xs:restriction base="xs:string">
<xs:.enumeration value="local"/>
<xs:enumeration value ="nok”/>
<xs:enumeration value="usd"/>
<xs:enumeration value="gbp "/>
<xs:.enumeration value="euro"/>
</xs:restriction>
</xs:simpleType>

AGE RANGE TYPE

<xs:complexType name="agerange_t">
<xs:sequence>
<xs:element name="from" type="int _t"/>
<xs:element name="to" type="int _t"/>
</xs:sequence>
</xs:complexType>
GENDERTYPE

<xs:complexType name="gender_t">
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<xs:sequence>
<xs:element name="male" type="bool _t"/>
<xs:.element name="female" type="bool _t"/>
</xs:sequence>
</xs:complexType>

TIME RANGE TYPE

<xs:complexType name="timerange_t">
<xs:sequence>
<xs:element name="from" type="time_t"/>
<xs:element name="to" type="time_t "/>
</xs:sequence>
</xs: complexType>

DATE RANGE TYPE

<xs:complexType name="daterange_t">
<xs:sequence>
<xs:element name="from" type="date_t"/>
<xs.element name="to" type="date t"/>
</xs:sequence>
</xs:complexType>

PRICE RANGE TYPE

<xs:complexType name="pricerange_t">
<xs:sequence>
<xs:.element name=from" type="decimal_t"/>
<xs:element name="to" type="decimal_t"/>
<xs:element name="currency” type="currency_t"/>

</xs:sequence>
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</xs:complexType>

Geographical Definitions

This section describes XML Schema definitions eeladb geographical locations, boxed
areas, and polygons.

POSITION
A geographical position is defined by longitude datdude coordinates.
<xs:complexType name="geopos_t">
<xs:sequence>
<xs:element name="longitude" type="decimal_t"/>
<xs:element name="latitude" type="decimal_t"/>
</xs:sequence>
</xs:complexType>
BOXED AREA

A geographically boxed area is represented by csyinespectively north-west, south-west,
north-east, and south-east. Each point is reprederst a geopos_t type.

<xs:complexType name="geobox_t">
<xs:sequence>
<xs:element name="northwest" type="geopos_t"/>
<xs:element name="southwest" type="geopos_t"/>
<xs:element name="northeast" type="geopos_t"/>
<xs:element name="southeast" type="geopos_t"/>
</xs:sequence>
</xs:complexType>

POLYGON
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A geographical polygon consists of a set of gedgcab positions. A polygon can typically
be used to represent a route or to isolate anulaegeographical area. Each point is
represented as a geopos_t type.

<xs:complexType name="geopoly_t">
<xs:sequence>
<xs:element name=" position" maxOccurs="unbouhdgae="geopos_t"/>
</xs:sequence>
</xs:complexType>

GEOGRAPHICALLOCATION DATA TYPE

The geographical location data type may consigeod or more geographical positions,
boxed areas, and polygons. This type is used teesgmeographical information in
preference profiles.

<xs:complexType name="geodata_t">
<xs:sequence>

<xs:element name="geoposition" minOccurs="0" max@®sc"unbounded"
type="geopos_t"/>

<xs:element name="geobox" minOccurs="0" maxOccurebbunded"
type="geopos_t"/>

<xs:element name="geopoly" minOccurs="0" maxOcctuabounded"
type="geopos_t"/>

</xs:sequence>
</xs:complexType>

TIME DEFINITION TYPE

This section describes the XML schemas for reptesien of temporal information. Time
can represented in a number of different ways thith structrure, as a timestamp, timerange,
datestamp, date range or day. It is also posstectude time zone information.

<xs:complexType name="timedata_t">
<xs:sequence>

<xs:element name="at_time" type="time_t" maoQrs="0"/>
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<xs:element name="timerange" type="timeragminOccurs="0"/>
<xs:element name="at_date" type="date_t" nci®@s="0"/>
<xs:element name=" daterange" type="daterangrirtOccurs="0"/>
<xs:element name="day" type="day_t" minOceli0s/>
<xs:element name="time_zone" type="string_t" nio@s="0"/>
</xs:sequence>
</xs:complexType>

OPTIONSDEFINITION

This section describes the XML schema structurelédinition of optional parameters.
<xs:complexType name="option_t">
<xs:sequence>
<xs:element name="add_route_map" type="bOahaxOccurs="1"/>
</xs:sequence>

</xs:complexType>

5.2.5 Service Profile Description Records
This section presents the XML schema descripticords used to define service profiles.

Service Profile Description
This section describes the service profile desormpKML schema.

Service Description XML Schema

The service description schema serves as the tarfptahe description of a service
description XML document and may be as simple onglex as is needed to express the
particular aspects and semantics of a service.

Other templates based on this may be created &iyh&ystem administrators or service
providers upon need.

<xs:complexType name="service_description_t">

<Xs:.sequence>
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<xs:element name="description" type="string_t" iDagurs="1"/>
<xs:element name="content" type="string_t" max@sg"1"/>
<xs:element any minOccurs="0"/>
</xs:sequence>
</xs:complexType>

Note the <any> element in the XML schema which shgsthe schema might be extended
with any number of non-specified elements and Iséltonsidered to be valid.

Example:
<service_description>
<description>"Jeans for sale"</description>
<contents>
Cheap jeans ! Half price. Please visit Superlii@®at Bourbon Street 38.

Walking distance, please follow map. Opening ho0&0 to 1600. Welcome
to our shop!

</contents>

</service-description>

Service Description Extension Template

As the base service description record provideg amgjeneral level of information it is
necessary to allow creation and customization t#restons. The extensions are called service
description extension templates (SDET).

The AdvertLBS system shall provide pre-defined esten templates to be used by service
provider within each service category, but theeyswill also allow the service provider to
create new extension templates.

The service description extension template shitviothis simple template structure:
<xs:complexType name="service_description_ext t">
<x:sequence>

<xs:element any minOccurs="0"/>
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</x:sequence>
</xs:complexType>

As an example of an extended service descriptimplete imagine the following service
description template extension customized to expaesoncrete advertisement for clothing
involving type of clothing, price, size, and produc

<xs:complexType name="service_description_ext t">
<x:sequence>
<xs:element name="clothtype” type="string_t", nG2ccurs="1"/>
<xs:element name="size" type="string_t" minOccus#*
<xs:element name="pricerange" type="pricerangmitiOccurs="0"/>
<xs:element name="producer” type="string_t" mircdcs="0"/>
</x:sequence>
</xs:complexType>

This service description extension template caarbkedded into the service description
template in order to provide more information.

Example: Extended Service Description

<service_description>
<description>"Jeans for sale"</description>
<contents>
Cheap jeans! Half price. Please visit Superbl@letit Bourbon Street 38.

Walking distance, please follow map. Opening ho0&0 to 1600. Welcome
to our shop!

</contents>

<service_description_ext_t>
<clothtype>jeans</clothtype>
<size>35</size>

<pricerange>
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<from>200</from>

<to>600</to>

<currency>nok</currency>
</pricerange>
<producer>Lewis</producer>
<producer>Jack’n Jones</producer>

</service_description_ext_t>
</service-description>

The point with the extended service descriptiomreds that it provides a rendezvous point
between the service provider and the service coasufhe service consumer, when
registering a preference profile in a sub-categerly have access to the extended service
description template and will be able to specify same details on her side.

This will enable the service provider to descrile¢aded and specific services in order to
target a specific group of consumers.

Service Target User Profile Structure

The service target user profile describes detaitsiaithe target user or target user group
associated with service and is another tool tatedhe target consumers. This structure is
optional in the service profile description struetu

<xs:complexType name="service_target_user_t">
<xs:sequence>
<xs:element name="gender" type="gender_t" maxGsclr'/>
<xs:.element name="age" type="agerange_t" maxQ@ecut/>
<xs:element name="keywords” type="string_t"/>
</xs:sequence>
</xs:complexType>
Example:

<service_target_user_t>
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<gender>Male</gender>
<age>
<From>16</From>
<To>35</To>
</age>
<keywords>"fashion, clothes’</keywords>

</service_target_user_t>

Service Profile Description Structure

The service profile contains the necessary infolonaklated to a service registration. A
service profile XML document will consist of thellfmving elements:

» Service name

» Service area

» Service category

» Service sub-category

» Service description

* Temporal Information

» Geographical Information

» Optional parameters related to the service

These information elements translate to the follmNXML schema structure:
<xs:complexType name="service_profile">
<xs:sequence>

<xs:element name="name" type="string_t"/>

<xs:element name="area" type="string_t"/>

<xs:element name="category" type="string_t"/>

<xs:element name="subcategory" type="string_t"/>

<xs:element name="servicedescription" type="mervdescription_t"/>

<xs:element name="timedata" maxOccurs="undedhtype="timedata t"/>

<xs.element name="geodata" type="geodata_t"/>
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<xs:element name="options" type="option_t"/>
</xs:sequence>
</xs:.complexType>
Example: Service Profile Description

Let’'s have a look at a complete service profilecdpsion. It's an advertisement for men’s
jeans registered by a shop called “Superb Clothwt}i the following attributes:

- It's targeted towards males between 18 and 25 pédhiss specified in the target user
profile.

- The ad is active from 1 of may to 10'th of may,rgwaay between 0800 and 1600.

- The position of the shop is included in the seryodile description.

- Options are added. In this case the service prowdets a map appended to the
recommendation message. The map contains thefroateghe user position to the
shop.

Service Profile Description XML Document

<service-profile name="jeans frenzy" type="adv@mtvider-id="12293" area="shopping"
category="clothing" sub-category="casual">

# Service description with extension.
<service_description>
<description>"Jeans for sale"</description>
<contents>

Cheap jeans! Half price. Please visit Superb Ch#tiBourbon Street
38. Walking distance, please follow map. Openiagrk: 0800 to
1600. Welcome to our shop!

</contents>
</service-description>
# Target User Profile
<target-profile>
<gender>male</gender>
<fromAge>18</fromAge>

<toAge>25</toAge>
69



Chapter 5 — Solutions and Design

<keywords>"fashion, clothes</keywords>

</target-profile>

# Temporal Information

<time-data>
<from-date>01-05-2010</from-date>
<to-date>10-05-2010</to-date>
<from-time>0800</from-time>
<to-time>1600</to-time>

</time-data>

# Geographical Information

<geo-data>
<position>

<longitude>123</longitude>
<latitude>122<lIatitude>

</position>

</geo-data>

# Additional options

<options>
<add-route-map>yes</add-route-map>

</options>

</service-profile>

A service profile describes one service. A sertiaaslates to a single advertisement. A
service profile may be general and contain any kindformation, or it may be specific and
contain a very narrow and specialized descriptiosm single product or service aimed at a
relatively small group of consumers with very sfieq@reference profiles.

A user with a personal profile and preference prafiatching the above service profile will
receive a recommendation message:
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Recommendation Received!
Description: Jeans for sale!
Content:

Jeans for sale. Half price. Please visit Superhti@e at Bourbon Street 38. Walking
distance from you.

Please follow map. Opening hours: 0800 to 1600.cdrek to our shop.

View route map herguser select to go to map with route)

Figure 5.2.5 a) Example: Service Profile Descriptio

Let's have a look at an extended service profikcdption. It's still an advertisement for
men’s jeans registered by a shop called “Superth@ig’ with the following attributes, but
extended with more details:

- It's targeted towards males between 18 and 25 wdhizs specified in the target user

profile.
- The jeans are in the price range between 200 abg&0Onds
- The jeans brands are Lewis or Jack’n Jones.
- The ad is active from 1 of May to 10'th of May, gvday between 0800 and 1600.
- The position of the shop is included in the seryiagfile description.
- Options are added. In this case the service prowdats a map appended to the
recommendation message. The map contains thefroatghe user position to the
shop.

This service description profile will only hit usewith a registered interest in Lewis or Jack’n

Jones jeans and where the price range is betwéearzD600 GBP.

Service Profile Description XML Document with Extersions Template

<service-profile name="jeans frenzy" type="adv@mtvider-id="12293" area="shopping"
domain="clothing" category ="casual">

# Service description with extension.
<service_description>
<description>"Jeans for sale"</description>

<contents>
71



Chapter 5 — Solutions and Design

Cheap jeans from Lewis and Jack’n Jones. Availsizies 30-36. Price
range from 200 to 600 GBP.

</contents>
# Extension record.
<service_description_ext_t>
<clothtype>jeans</clothtype>
<size>35</size>
<pricerange>
<from>200</from>
<to>600</to>
<currency>gbp</currency>
</pricerange>
<producer>Lewis</producer>
<producer>Jack’n Jones</producer>
</service_description_ext_t>
</service-description>
# Target User Profile
<target-profile>
<gender>male</gender>
<fromAge>18</fromAge>
<toAge>25</toAge>
<keywords>"fashion, clothes</keywords>
</target-profile>
# Temporal Information
<time-data>

<from-date>01-05-2010</from-date>
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<to-date>10-05-2010</to-date>
<from-time>0800</from-time>
<to-time>1600</to-time>
</time-data>
# Geographical Information
<geo-data>
<position>
<longitude>123</longitude>
<latitude>231<latitude>
</position>
</geo-data>
# Additional Options
<options>
<add-route-map>yes</add-route-map>
</options>
</service-profile>

Any user with a personal profile and preferencdilgranatching this service profile will
receive the following recommendation message:

73



Chapter 5 — Solutions and Design

Recommendation Received!
Description: Jeans for sale!
Content: Jeans on sale.
Clothing type: Jeans

Brand: Lewis, Jack’n Jones
Size: 35

Price-range from 200 to 600 GBP

Figure 5.2.5 bxample: Recommendation message

5.2.6 User Preference Context Representation

Every service consumer (user) can register a gengea preference profile and any number
of optional service preference records in the ClsBS8em. The preference profile is used to
find matching service profiles.

The user preference profile follows the taxonomyhefservice profile:
Level 4— Service Description Record
Level 3— Service Category
Level 2— Service Domain
Level 1- Service Business Area

Please refer to section 5.2.3 on service profitgexd representation above to read the
definition of each level in the hierarchy.

Preference Description Record

The preference description record describes afspaser preference. The description record
may be used to describe a general interest iniadssscategory or to describe a very specific
service.

The user preference profile consists of one or mogéerence description records. A
preference description record consists of the ¥ahg information elements:

* Preference definition name (mandatory)
* Service area (mandatory)

» Service category (mandatory)
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» Service sub-category (optional)

» Service description record (optional)

* Temporal information (optional)

» Geographical information (optional)

» Optional parameters related to the service (optjona

These points translate to the following preferesescription record XML schema:
<xs:complexType name="preference ">
<xs:sequence>
<xs:element name="name" type="string_t"/>
<xs:element name="area" type="string_t"/>
<xs:element name="domain" type="string_t"/>
<xs:element name="category" type="string_t"/>

<xs:element name="desc_record" type="service_daison _t”
maxOccurs="1"/>

<xs:element name="timedata" type="timedataakOccurs="unbounded" "/>
<xs:.element name="geodata" type="geodata t" ncan3="unbounded”/>
<xs:element name="options" type="option_t"/>

</xs:sequence>

</xs:complexType>

User Preference Profile

The user preference profile provides informatioouwdta user’s interest areas and associated
categories.

<xs:complexType name="preference_profile ">
<xs:sequence>
<xs:element name="pref" type="preference"@uours="1"/>
</xs:sequence>

</xs:complexType>
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Example: User Preference Profile

Let’s have a look at a preference profile desariptiecord. User has registered a preference
record with the following requirements:

- Interested in receiving recommendations about ekth the casual wear category

- Only receive recommendations on Friday and Satubbgéayeen 1000 and 1300

- Only receive recommendations in the geographicabrearound Arendal and
Stavanger

Preference Profile

<preference_profile name="my profile” userid="12293
# Preference record for casual clothes
<preference area="Shopping” category="Clothingbsategory="Casual>
# Temporal Information - Friday
<timedata>
<day>Friday</day>
<timerange>
<from>1000</from>
<to>1300</to>
</timerange>
</timedata>
# Temporal information — Saturday.
<timedata>
<day>Saturday</day>
<timerange>
<from>1000</from>
<to>1300</to>
</timerange>
</timedata>
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# Geographical Information
<geo-data>
# Arendal
<geobox name="Arendal”>
<northwest >
<longitude>xxx</longitude>
<latitude>xxx</latitude>
</northwest >
<southwest >
<longitude>xxx</longitude>
<latitude>xxx</latitude>
</southwest >
<northeast >
<longitude>xxx</longitude>
<latitude>xxx</latitude>
</northeast >
<southeast >
<longitude>xxx</longitude>
<latitude>xxx</latitude>
</southeast >
</geobox>
# Stavanger
<geobox>
<northwest >
<longitude>xxx</longitude>

<latitude>xxx</latitude>
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</northwest >
<southwest >
<longitude>xxx</longitude>
<latitude>xxx</latitude>
</southwest >
<northeast >
<longitude>xxx</longitude>
<latitude>xxx</latitude>
</northeast >
<southeast >
<longitude>xxx</longitude>
<latitude>xxx</latitude>
</southeast >
</geobox>
</geodata>
# Additional options
<options>
<add-route-map>yes</add-route-map>
</options>
</preference>

</service-profile>

Example: User Preference Profile Record with Extendd Service Description

Let’s have a look at a preference profile desasiptiecord. User has registered a preference
record with the following parameters:

- Interested in receiving recommendations about ekth the casual wear category
- Only receive recommendations between 0900 and 1500

- Only interested in Lewis jeans in the price ramgenf 100 to 300 GBP.
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- Receive recommendation anywhere (no geographiceticonts imposed).

Preference Profile Description
<preference_profile name="my profile” userid="12293
<preference area="Shopping” category="clothingbsategory="casual™>
<service_description>
# Using available service description structure
<service_description_ext_t>
<clothtype>jeans</clothtype>
<pricerange>
<from>100</from>
<to>300</to>
<currency>gbp</currency>
</pricerange>
<producer>Lewis</producer>
</service_description_ext_t>
</service-description>
# Temporal Information - Friday
<timedata>
<day>Friday</day>
<timerange>
<from>1000</from>
<t0o>1300</to>
</timerange>
</timedata>

# Temporal information — Saturday.
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<timedata>
<day>All</day>
<timerange>
<from>0900</from>
<to>1500</to>
</timerange>
</timedata>
</preference>

</service-profile>

We can see from this example preference profilettteauser have used available extension
parameters to create a very specific preferenc@dec

The service provider is free to create serviceilgrektension records in order to customize
service profiles. The extension records contaimmp&ters which again can be used by the
service consumer to define specific service prefserofile records. The service consumer
may use any combination of extended service prplmmeters to completely customize
what he/she is looking for.

All context information is specified in XML schemasd all concrete XML documents must
comply with the schemas to be valid.

5.2.7 Database Model and Tables

In this section | will present the data model inrte of tables and associated information
fields used to represent static and dynamic coiéatmation in the AdvertLBS system.
XML representation of context data is not a vefficefnt way to process data in terms of
parsing and analysis and should therefore be reldioca minimum. A database however
provides a structured and efficient storage ofrimiation with standardized and optimized
retrieval and storage methods.

| will discuss the content of the AdvertLBS in texf the entities involved in the system.

Service Consumer Tables

This section describes all database tables retatservice consumer profiles and context
information. The following points summarize theerednt tables.
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* Profile table

» Status table

» Settings

* Preference profile table

» Geographical area of interest table
» Geolocation tracking table

* Geo-location logging table

* Online activity logging table

» Service recommendation logging table
» Collaboration table

* Route-learning table

Let's have a look at the detail of the tables.

Consumer Profile Table

The user profile table consists of personal consunf@rmation. This information is
mandatory in order to register in the CLBS systeah therefore be able to receive
recommendation messages.

Profile Element Type Description

Id Integer Unique record id.

Userld Integer Unique user identifier in CLBS syste
FirstName String First name.

LastName String Last name.

AddressLine String Address.

Zip Code String Zip code.

Country String Country of residence.

AddressLon Decimal| Longitudes coordinate of useiresk.
AddressLat Decimal| Latitude coordinate of user aedslr
EMail String E-mail address.

Age Integer User age.

Gender Byte User gender.
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CivilStatus String Civil status (Single, marrieddowed,...)
Username String User name selected by user.

Password String Password selected by user.
UserContractSigned Boolean  User agreed with (giignser contract/agreement.
Created Datetime Datetime of creation.

Modified Datetime| Datetime of modification.

It is recommended that the user enter addressnirition as this will establish permanent
location coordinates.

Consumer Status Table

This table contains dynamic information about watus. Information in this table must be
must be accounted for in context management aniteanatching. The user’s current
location, current estimated accuracy estimateaboHative group ID, mobile IP address.

Profile Element Type Description

Id Integer Unique preference profile identifier.

Userld Integer Associated user profile ID.
RecAccuracyEstimate¢ Short Current recommendatioaracy estimate (%).
Mobilelp String Current mobile IP address (Emptyngf if no IP).
Status Integer Current status.

Longitude Decimal | Last recorded longitude

Latitude Decimal | Last recorded latitude

Speed Decimal| User speed

LastRecServiceld Integer ID of last recommendedicer
CollaborativeGroupld Integer Collaborative groupntdfier

Created Datetime Datetime of creation
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Modified Datetime| Datetime of modification

Consumer Settings Table

This table contains specific user settings andboptrelated to the privacy and reception of
recommendation messages.

Profile Element Type Description
Id Integer Unique preference profile identifier.
Userld Integer Associated user ID.

AllowRecommendations Boolean True if user allonsmmendations.

AllowLocationTracking | Boolean| True if user allowcktion tracking

ApplyWeatherFilter Boolean| True if use weather iatohing

ApplyCollaborativeFilter) Boolean | True if collaborative filtering should bseadl.

ApplyRouteLearning Boolean  True if system is allovte learn routes.

Consumer Preference Profile Table

This table contains user preference records. Egfknence record is stored in XML
document format. A user may create any numbereafepence profiles.

Profile Element Type Description

Id Integer Unique preference profile identifier.
Userld Integer Associated user ID.
PrefProfileName String Preference profile name
InterestRadius Short Service interest radius
Description Text Profile description in XML format
Created Datetime Datetime of creation.
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Modified Datetime| Datetime of modification

The “Description” field contains the actual profdescription. This description must conform
to W3C XML Schema definitions as given in sectio®.6 in order to be valid. Only validated
preference profile description records are allownd this table.

Consumer Geographical Areas of Interest Table

This table is used to associate service preferenitespecific geographical areas. A
bounding box is used to represent area of inteBestice described in the preference profile
can be recommended in specified areas only.

The geographical area could have been specifiacpwlygonal manner, but for reasons of
simplicity | have opted for a bounded box solutewen if this is not entirely correct taken the
curvature of the earth into consideration.

The consumer may associate any number of geoged@reas with defined preference
profiles.

Profile Element Type Description

Id Integer Unique record ID.
PrefProfileld Integer ID of associated preferencile
NWilat Decimal | North-West latitude
NWIlong Decimal | North-West longitude
SWiat Decimal | South-West latitude
SWiong Decimal | South-West longitude
NElat Decimal | North-East latitude
NElong Decimal | North-East longitude
SElat Decimal | South-East latitude
SElong Decimal | South-East longitude
Created Datetime Date of creation.
Modified Datetime| Date of last modification.
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This information is collected when user specifyref@rence profile record. User selects the
area by putting markers on a map.

Consumer Geolocation Tracking Table

This table is used to keep track of user locatimtation data is logged by appending each
received location to a log document in XML format.

Profile Element Type Description

Id Integer Unique identifier

Userld Integer Associated user ID.

Latitude String Last known latitude.

Longitude string Last known longitude.

When Datetime| Date and time of last known position.
LocationLog Text Log of all positions (XML format)

Consumer Geolocation Logging Table

This table represents location logs transferrechfuser mobile device. These logs are
subjected to analysis to detect common movemetgrpat

Profile Element Type Description

Id Integer Unique identifier

Userld Integer Associated user ID.

When Datetime| Datetime of when log was receivedysgem
LocationLog Text Log of all positions (XML format)
ProcessedWhen Datetime Datetime of when log wasepsad
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Consumer Online Activity Logging Table

This table contains online activity logs providegdusers. The online activity logs are
analyzed in order to provide context informatioaiithe user. The sensed context
information act to reinforce existing user contiebrmation.

Profile Element Type Description

Id Integer Unique identifier

Userld Integer Associated user ID.

When Datetime| Datetime of when log was receivedysgem
OnlineLog Text Online activity log in XML format.
ProcessedWhen Datetime Datetime of log processid@gaalysis.

Consumer Service Recommendation History Table

This table is used to document recommended sergit@shistorical basis. This table might
be analyzed to find commonality between “similaséts and to establish collaborative
groups of users. It is also used by content-ba#iedrig to investigate service
recommendation on a historical basis.

Profile Element Type Description

Id Integer Unique identifier

Userld Integer User ID

Serviceld Integer ID of recommended service

When Datetime| When service recommendation wasdssue
ReadReceipt Boolean True if recommendation was read

VisitedSite Decimal | Likelihood that user visiteddoenmended site (percent]
RatingProvided Boolean| True if service rating wesvpged
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Consumer Collaboration Table

This table is used to store “similar” consumersrrbers of collaborative groups). The
criteria for selecting “similar” consumers can leséd on several criteria’s:

» Service rating patterns (look for users who shati@g pattern with active user)

» Service (item)-based

Profile Element Type Description

Id Integer Unique identifier

Userld Integer Unique user ID.

OtherUserld Integer Similar user ID.

ProfileWeight Integer Profile likeness score.
RatingWeight Integer Service rating weight
ServiceWeight Integer Recommended services likesame
PredictionValue Integer Total predictive value lst“buddy”.

Learned Routes Table

This table contains all learned routes. Each rmuteodeled as a polygon of connected points.
The route is bounded by a minimal bounding box Wincludes all points in the polygon.

The bounding box coordinates makes it easy tdftaser is in the area of the route, and if the
more complex polygonal routes should be retrievetidecoded in order to anticipate user

movement.

Profile Element Type Description

Id Integer Unique identifier

Userld Integer Associated user ID.

RoutePolygon Text Route polygon described in XMinfat.
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BoxNWLatitude Decimal | NW corner of route boundinaxb
BoxNWLongitude Decimal| NW corner of route boundhmax.
BoxSWLatitude Decimal| NW corner of route boundiruxb
BoxSWLongitude Decimal| NW corner of route boundbax.
BoxNELatitude Decimal| NW corner of route boundiraxb
BoxNELongitude Decimal| NW corner of route boundbax.
BoxSELatitude Decimal| NW corner of route boundimmx.b
BoxSELongitude Decimal| NW corner of route boundoax.
Weight Integer Weight of the route, i.e. it trustittiness
Created Datetime Datetime when route was firsttecka
Modified Datetime| Datetime of when route was maatlfi
LastRead Datetime¢ Datetime of when route was &d r

Service Provider Tables

This section describes database tables relateshtas provider profiles, service registration,
and context information.

Please referotservice and preference taxonomy for a detailedrgemn of the following
tables:

» Service business area table

» Service area domain table

» Service domain category table

» Service category description record table

Service Business Area Table

A service business area represents the businessvhareh is the parent of a number of service
categories. Service areas can only be created difietbby system administrator.

Profile Element Type Description
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Id Integer Unigue service area identifier.
Name String Name of category.
Description String Description of category
Created Datetime Date of creation.

Modified Datetime Date of last modification.

Service Area Domain Table

The service area domain specifies a particular domwihin a business area. A service
domain is the parent of service category infornmatecords.

A service domain can only be created or modifiedystem administrator.

Profile Element Type Description

Id Integer Unique service category identifier.
Name String Name of service category
Description String Service category description.
ServiceAreald Integer Associated service area ifilem{parent)
Created Datetime Date of creation.

Modified Datetime Date of last modification.

Service Category Table

The service domain category table represents amrmaeee detailed level in the service
representation hierarchy.

Profile Element Type Description
Id Integer Unigue service sub-category identifier.
Name String Name of service category area.
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Description String Service sub-category description
ServiceDomainld Integer Associated service donm@emtifier
Created Datetime Date of creation.

Modified Datetime Date of last modification.

Service Provider Business Profile Table

The service provider business profile table comstailhrelevant information related to a
service provider registration in the CLBS system.

Profile Element Type Description

Id Integer Unigue service provider identifier.
ProviderName String Service provider name.
OrgNumber String Organizational number (official).
AddresLine String Address.

ZipCode String Zip code.

Country String Country of residence.
ContactPerson String Contact person.

PhoneNumber String Contact phone number.
ContactEmail String Contact e-mail address.
SystemEmail String System e-mail address.
Username String Username.

Password String Password.

BuisnessArea String Primary business area of ta®mer.
ProviderContractSigned Boolean True if providereggrto contract
CreditVvalid Boolean True if credit is ok.
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Longitude Decimal Longitude of given service praicdddress
Latitude Decimal Latitude of given service provi@deldress
Created Datetime | Datetime of when profile was esat
Modified Datetime | Datetime of when profile was nfeat

Service Profile Table

The service profile describes a service (advertesgm

Profile Element Type Description

Id Integer Unique service identifier.

Providerld Integer Service provider id associatéth w
service.

ServiceName String Human-readable service name.

Description Text Service profile description.

Areald Integer Service area ID.

Domainld Integer Service domain ID

Categoryld Integer Service category ID

Longitude Decimal Position of service - longitude

Latitude Decimal Position of service — latitude.

ValidFrom Datetime Validity from Datetime.

ValidityTo Datetime Validity to Datetime.

Status Short Service status: Active, Stopped, Expir

RatingLevel Integer Total rating as computed frasaru
ratings.

Blacklisted Boolean True if service is blacklisted

Created Datetime Datetime of creation.
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Modified Datetime Date of modification

Service Description Record Template Table

The service description record table containsefihgéd service description templates. All
templates are encoded as XML Schemas.

Profile Element Type Description

Id Integer Unique ID.

Domainld Integer Domain ID

Categoryld Integer Category ID

Name String Name of description record

Schema Text XML Schema

Providerld Integer ID of service provider who ceshschema

Publish Boolean True if publish. False otherwise.

CanModify Boolean True if template can be modifiadse
otherwise

Created Datetime Datetime when template was created

Modified Datetime Datetime when template was medif

Extended Service Description Record Template Table

The extended service description record templdtie zontains all service description record
templates defined by service providers.

Profile Element Type Description
Id Integer Unique ID.
ServiceDescrRecordld Integer ID of associated sergtescription record
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Name String Name of service description template.

Schema Text XML Schema describing the record

ServiceProviderld Integer ID of service providerondreated
template

Publish Boolean True if publish. False otherwise

CanModify Boolean True if template can be modifidse
otherwise

Created Datetime Datetime when template was created

Modified Datetime Datetime when template was medif

Service Rating Table

This table represents service ratings providedhbyusers. The rating level is kept simple and

is represented by a discrete integer values.

There may be any number of ratings associatedavstrvice. The average rating is stored in

the service profile record.

Profile Element Type Description

Id Integer Unique ID.

Serviceld Integer ID of service profile

RatingLevel Integer Rating level

Userld Integer ID of user who submitted rating
Comment String Rating comment

Created Datetime Datetime when record was created
Modified Datetime Datetime when record was last iined

Service Blacklist Table
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This table contains all blacklisted services. Asggr may be blacklisted if it contains
inappropriate contents or rated below a defineestold over time.

This table store housekeeping information relatea blacklisted service like a descriptive
reason and when service were black-listed as wellféag telling if the service provider has

been notified about the blacklisting.

Profile Element Type Description

Id Integer Unique ID.

Serviceld Integer ID of service profile

Reason String Reason of blacklisting

When Datetime When blacklisting of service was done
ProviderNotified Boolean True if service providemiotified
ProviderNotifiedWhen Datetime When provider wagfrext

Created Datetime When record was created

Modified Datetime When record was last modified

Service Target User Profile

The service target user profile is used to creatail@éd descriptions of a target user group
associated with a given service profile. There im@any number of target user profiles

associated with a service profile.

Profile Element Type Description

Id Integer Unique target user profile id.
Serviceld Integer Service identifier.

Profile Text Profile in RDF/XML format
Created Datetime Datetime of creation
Modified Datetime Datetime of modification.
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Weather Forecast Description Record Table

The weather description table consists of contislyoupdated weather information in
specified regions.

Profile Element Type Description

Id Integer Unique identifier

Longitude Decimal Longitude coordinate

Latitude Decimal Latitude coordinate

Extension Integer Extension of forecast in kilomgte
Forecast String Weather forecast in XML format
ValidFrom Datetime Validity start time

ValidUntil Datetime Validity end time

Created Datetime When record was created
Modified Datetime When record was last modified

5.2.8 Hybrid Recommender Algorithm

In this section | propose a solution to the implatagon of hybrid recommender logic in the
AdvertLBS system.

Overview

Figure 5.2.8 a) below show the weighted hybrid reee@ndation model used in the
AdvertLBS system is based on a sequence of fitppdied to the user. Each module takes
input and produces output.
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Trigger: Location Update

l

GeoAnalysis Filter

v

Knowledge/Context Filter

CollaborativeFilter |  *“----1 >
"""" , Data Source

Finalize Recommendation |  «_______________ :

A 4

Figure 5.2.8 a) Overview of module in AdvertLBS higbrecommendation algorithm.

Each filter or module provides a recommendationesdd a module produces as score higher
than the recommendation threshold the algorithraks@ff and moves directly to the
recommendation process. In the AdvertLBS algorithis happened only for the
knowledge/context filter module.

| will in the next sections describe in detail thdividual modules and their functionality in
the algorithm.

GeoAnalysis Filter Module

In this section | will discuss the purpose, desegm] functionality of the GeoAnalysis module
in the hybrid recommender algorithm.

Overview

The purpose of the geographical analysis filteéoianalyze the geographical location of the
user in relation to available services in the gepgical area where the user is located.

This module takes the geographical location ofea (onsumer) and produces a list of
services within different proximity zones. The piraky zones are defined by the user as they
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are likely to be dependent on personal taste agsigpne — a walking distance for one user
may be no more than 100 meters, but for anothmaight very well be 1 km or more.

The proximity zones are divided into 3 zones: pnekecation, walking distance, and driving
distance. The default values for present locatrer3@m, walking distance is 500m and
driving distance is more than 500m.

Each service is given a score based on which zasdocated within. The GeoAnalysis
module does not make any conclusions to what kirsgvice or relevance to user
preferences, but deals only with proximity issueservice closer to the user is given a
higher score than a service further away.

Figure 5.2.8 b) below illustrates service proxinagnes with a defined geographical area.

GeoArea of Interes

A

A Service

X Consume

Figure 5.2.8 b) Geographical area of interest

Theoretical Background

Location is the most important kind of informatimnthe AdvertLBS system. A consumer’s
location triggers the recommendation logic andndtiely leads to a service recommendation.
In this respect it is important to get the locaticatking and analysis model correct.
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The AdvertLBS uses a location tracking model based shared responsibility between the
consumer mobile application and the core systera.cbmsumer defines geographical areas
in which it is interesting to receive recommendagialuring the preference profile
registration. The mobile application will only selodation updates when the consumer is
located inside these defined geographical areas.

The mobile application does not have an overvietheflocation of services. This would also
be possible and attractive from a system poini@iybut it would require too much
processing on in the mobile device, additionallgining local power resources.

Module Activity Chart
The activity chart below illustrates the main logiche GeoAnalysis module.

. scares. Listis empty ifno serviceswere found.

(Recai\te lacation conrdinates)

Maota valid location

Return a list of services with associated pruximih,rj

= Discard Location

walld [acation

-,
<Fetch samice digtance zone definitions ]

\( Fetch serices ina zone j

(Add Fone-specific scare to services )

/

/

@/

Figure 5.2.8 c) GeoAnalysis module activity diagram
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Knowledge Filter Module

Overview

The knowledge filter module performs matching operes between registered service profile
descriptions and user preference profile. It alsesithe knowledge of the user’s previous
service history and service ratings.

This module takes a list of geographically relevaewvices, as produced by the GeoAnalysis
module, as input. Each service description is net@yainst the user’s preference profiles.
The result of this process is a list of servicescmag the user’s preference profile.

As the AdvertLBS system is highly accepting in terof user contributed context information
there is likely to be a huge variation in prefepcofile availability and quality. A user with
no preference profile will be ignored by this maalak it is impossible to reason with
knowledge about user preferences.

As we can see from figure5.2.8 d) below it is eipossible for the recommender algorithm
to close the recommendation reasoning processamibdule and finalize the
recommendation. This will only occur in the caseemgha service score exceeds the required
estimation accuracy threshold level, i.e. the magtween the service and the consumer
profile is considered to be so strong that therdmumtion of modules further down the line

will only add marginal value to the total score.

This is likely to happen in cases where the conswamd the service provider meet in a
common service description record.

A score is associated with each service in theAidgtetter match is given a higher score.

Theoretical Background

The knowledge filter uses static consumer prefergmofile and matches it with a selection
of service profiles.

The logic of the matching process follows closélg hierarchical levels in the service
taxonomy. Please refer to section 5.2.3 for a ketaiescription of the service taxonomy
levels.

The user preference profile is structured accortbnfe taxonomy. The algorithm is simple
and consists essentially of answering the followgogstions:

1. Does service business area match user prefereoftiepr
2. Does service domain area match user preferencee@rof

3. Does service category match user preference profile
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4. Does service description record match user prederprofile service description
record?

5. Does any keywords provided in the preference @ofitch service profiles?
The score is increased by each positively answeuedtion.

Also weather context is evaluated by a simple Igokuthe weather forecast database table
based on the users coordinates. Services can lkednas weather sensitive as the system will
not be able to discriminate weather sensitive pegiges or services.

Module Activity Diagram
The activity diagram illustrates the major actegtiin the module.
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Knowldge filter module.
Watch list of services with consumer preference profiles.
Meturn a list of weighte d services
( Neceive vector of services from CGeoAnalysis module} OR
return a list of services eligable for recommendation
* (estimated weight == recommendation treshold)
4
v
[ Listis not ampty
( [etch consumer preference proﬂles}
/9(
v
[ Found preference prafiles Found no preference profiles
= Match serice profile with proferenee proﬂlcj
( Add seore to service
.~ .
LIStIS empty
Seare == Treshald
“ )H(Add senice to recormmend Iist)
Seare < Treshold
Mewt servica? < ><
Atlyze recurnmiend list
¢ Mot empty .
’ Return Hecommend Service with highest SCDFE)
Ernipily J
&Relurn wrighled services \reulur) ,_,-"/ N
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Figure 5.2.8 d) Knowledge filter algorithm

Collaborative Filtering Module

The purpose of the collaborative filter moduleasmprove the estimated accuracy of a
recommendation by performing an analysis of how tvensof the collaborative group have
rated the services before.
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By analyzing the service history of users with éampreferences and also their rating of the
services it is possible to draw conclusions ashether the service should be recommended
to the user or not.

This module takes as input a list of services pceduby any of the other previous filtering
modules and updates this list with a collaborasie@re. A common recommended service
with good ratings is given a higher score.

Theoretical Background

Collaborative filtering has been applied in mangoremender systems, particularly web
recommenders, to great success. There is howeedrigrdisadvantage of the algorithm; it
requires a quite high number of users to find ehaandividuals which share the same kind of
service preferences and rating patterns. This & wiakes it so difficult to rely solely on this
algorithm. 1 will now first have a look at how reseh literature defines the collaborative
filtering method. | refer to [3] in the followindissemination of the collaborative
recommender algorithm.

According to [3] the collaboration algorithm carwvided into three sub-tasks: 1)
representation, 2) neighborhood forming, and 3)menendation generation. As [3] discusses
items the user browses and view on the web, Irelidite the approach to the AdvertLBS
system.

The representation task concern how services pregented in the system and how the
system track recommended services and associdiegistaThe neighborhood formation task
focuses on finding similar users and the recommanugeneration task is, according to [3],
about finding the top-N best recommended serviodsecommend the better.

In the AdvertLBS | have chosen to represent thesgorer-service relationship in database
tables. Each consumer is given a collaborative grdentifier. This identifier can be used to
effectively find all members of the group. Each omer has a service and rating history

The recommendation generation process follow thst+ftequently, best rated service policy.
This information can be extracted by scanning titalshse and producing a matrix consisting
of consumer-service matrix consisting of ratingse Tfecommendation generation algorithm
processes the consumer-service matrix and comthédep-N, or most frequently
recommended, services. The rating for each seiviaeeraged and computed to rank the top-
N services. The best rated service in the top-Nsdfi@d services is recommended.

Module Activity Diagrams
Below are diagrams of the neighborhood forming @@mmendation process.

Neighborhood Forming
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3 Collshorative groups are formed based on
- cimilarity in profiles, service history, and rating
<Hcccivc vioctar of corvices ) natterns.
&

¥
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Initialize consumer-senice matric |

™,
Feteh collahorative group member .],x
A
Mu rmalch W
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Match profile with current user )
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>( Feleh service farm yrup mermber sersgce hislory )
vootor cmpty
( Fatch rating associated with carvice )
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Figure 5.2.8 e). Collaborative filtering. Neighbodd formation algorithm.
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Recommendation Generation

( Fetch consurmer-service matrix /I

<1__' Empty
ot Ermipty
Produce tap-M semwices
(hased on service fregueancyd
( Sart top-1 list on rating )

Ratings = Treshold

>

Ratings == Treshald

(Recnmmenu best rated top-rl sewice)

Figure 5.2.8 f). Collaborative filtering. Recommaitidn generation process.

Finalize Recommendation Module

This module is to sum up the recommendation sdooes the modules and check if it
exceeds the recommendation threshold. A recommiendatssage is produced and and
transferred to customer.
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5.2.9 Service Monitoring Model

A well-designed and managed service monitoring rhisdessential in a recommender
system. In the case of AdvertLBS the monitoringe@lvices is related to the quality of
services, service ratings, removal of outdatedisesy renewal of services, and giving the
service provider statistical and housekeeping médron about their registered services.

Quiality of Service Monitoring

In order keep a high quality of services and taattprofessional service providers it is
necessary to implement a set of functionalitiesciwhvill keep the service quality at a high
level. This is one of the most important charasters of the AdvertLBS system and which is
a major factor in the perceived trustworthinesthefsystem from both a service consumer
and provider point of view. This is closely relatedvhat | mentioned in the introduction part
of this paper, it is a personalized recommendeniéd to be an extension of the self. In
order to realize this ambition the concept of psefenalism, quality of service, privacy, and
security must be key priorities. In this sectiawill discuss quality of service.

Quiality of service is related to a number of eleta@m the system, amongst them the quality
of the actual services (advertisements) in ternafent, validity, and trustworthiness. Other
elements included in this are ratings, and gererasekeeping issues. | will now present to
key elements to the success of the service monganodel.

Service Validity Period

The service validity is defined by a start date anagnd date (expiry date). The service will
not be recommended after expiry. The expiry ofraise will be notified to the service
provider in due time before the actual expiry,Isat the service provider can take action to
renew the service.

It is relatively important to keep the service dély period relatively short. This will cause
frequent updates of the services profiles and byeasoiding service profiles no longer
connected to the actual services. The length aflidity period is a business decision and is
related to the business models implemented inysies.

Service Content Analysis

In order prevent services containing content oferibor sexually explicit content a content
analysis is performed to detect words and phrassscated with these topics. The analyzer
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brings these services to the attention of a systministrator which decides if the services
should be blacklisted or not.

A simple text analyzer with a dictionary of keywendill suffice in terms of text contents.
There is however a problem with analysis of imagei@eo content as this is not easily
analyzed with simple methods, but this is considiéoebe matter which is a bit outside the
primary scope of this thesis, so | will primarilycus on textual service profiles.

Service Rating Analysis

Service consumer can rate a service, but as tbigtignal it is likely that not all services
necessarily will be rated or that it will be givenough ratings sufficient to produce a credible
average rating. It is there necessary to delagdhgputation of an average rating until there is
statistically significant number of ratings asstsibwith the service.

However, when an average rating is computed thecgemonitoring will use the rating to
evaluate if a service is fit to be recommendedatr Ifi the rating is below a given minimum
average rating threshold a warning about thisns &ethe service provider. The warning is
sent because the low rating level will forever Bltize service from being recommended.

Another important issue related to credible ratiisghat each service consumer only have the
opportunity to rate a service once. A service careuhaving issued a rating may only
change the rating. This will effectively eliminatee possibility of consumer overrating or
underrating services by doing repetitive ratingsame service. The service will keep track

of the number of time a service recommender hasd to rate a service.

Service Statistics

Services are recommended and rated. It is necessaoynt and keep statistics on a number
of different elements in order to review the e#iacy and precision of the recommender.
Statistics on their own services is also intergstithe service provider.

Statistics internal to the service recommendeypgctlly the number of recommendations of
services in the different service areas, domaimd,categories, rating levels, total number of
active system providers and consumers.

The primary purpose of providing the service consuwith statistics on services is to give

an indication to the usefulness of spending tingtranney on using a recommender. The

system must somehow reflect reality and providaia gn order to be worth using. The

statistics provides the data from the system sidd,include total number of

recommendations of each registered service. Eaultsas also associated with the average

rating and the user has the opportunity to viewadlhgs with service consumer comments
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inclusive. It is considered important to provideagportunity for the consumer to add brief
comment with the rating as it provides concretelli@ek to the service provider.

Service Provider Communication

As mentioned in the previous paragraphs theregislae communication with the service
providers in terms of providing statistics on seeviecommendations and ratings.

The communication between the system and the sepvavider occur via the web portal
(statistics) and via e-mail. The e-mail is primariked to inform about critical issues, such as
the expiry of a service, blacklisting of servicesa service which is never recommended due
to a low rating.

However, the communication should also providermi@tion about positive events, such as a
good rating on a service or a high number of recenaations.
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Chapter 6 - Security and Trust

On the web the recommender system have the adeaotggoviding the user an illusion of
being anonymous. Switching a recommender from e t@ a mobile handset makes the
users self-aware and concerned about privacy issieed to personal information, location
tracking, and not least the possibility of beingspned with unwanted and annoying
information. Most people will shun recommender egst poking into their privacy sphere,
unless we are able to produce recommenders charadtéy features such as high level of
personalization, security, privacy, and sensitiuityerms of recommendation relevance and
accuracy. Only by providing a strong focus and prgthe applied policies and concepts, can
we establish a large user base for a mobile recorderesystem.

In this chapter | describe possible solutions togltoblem domains of security and trust in a
push-based recommender system of the type discus#ad paper.

6.1 Security

Security is related to a wide range of elementsties, and operations in the system. | will
start out with secure communication, and thenaalbut security related to external context
services and last but not least data managemerthandtegrity and confidentiality of
personal information.

The communication between the system and servimadar and consumers is potentially
packed with personal information and preferenceg. donsumers personal or the provider’s
business profile represents as such the most isensitormation in the system with names,
addresses, e-mail address, civil status, crediticdormation, etc. So it speaks for itself that
all communication between actors flowing acrosspihiglic Internet must be encrypted to
avoid eavesdropping.

The security related to data management and cantiadigéy of information provided by both
providers and consumer is of vital importance. Resdate contains personal information,
though for the consumer not very much more thanldvba found on any social media

system or by doing a lookup on the Yellow pagedpés provide a link between the

individual and preference. This link would be indesteresting both to other recommender
systems and other actors with honest or dishonesitions. The security policy adopted by a
recommender is that the data do not leave themyisteinencrypted mode and that indeed the
most personal data, stored location data, andnerefes are kept encrypted also in the
database.
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Another key security feature of the system is autibation. Service provider and consumer
interfacing with the system must authenticate witimique username and password. This also
applies to the communication with professional emhservice providers. All external

systems must be authenticated in order to knowtkadre talking with the right service. An
encrypted communication channel must be set upd&iformation transfer can occur. The
external system shall only provide information aeder be allowed to request information.
The information obtained from the external conaxtvider must be scanned to identify
potential attacks, like sql injection or others.IYoinformation in text format shall be allowed.
Binary data is not accepted as valid input fronesernal system into the system core
applications.

6.2 Trust

Trust is closely connected to the ability to cohthe systems around us. Trust is associated
with professional conduct and confidence. | mayagbout the security measures
implemented in the system from a technical pointiev and the user will still keep his
skeptical position. It is only by building a goagbutation in terms of appropriate and
functioning control policies, privacy of data, amdiable functionality that a system can win
trust with the consumer.

Any new technical system is likely to draw the atiten of users with a personality profile
characterized by curiosity, technical interests alnitities, and perhaps a higher tolerance of
possible failure. These are the people which vpiirave or disprove the system. An approval
from this initial group of people will pave the wéyr the next group of users who require
more predictability and stability than the firsbgp. This is the primary road to success for
any product or system. A recommender is also recemaied.

The AdvertLBS system attempts to establish trustllmwing the user to freely configure the
system as he sees fit. The user is not a passieevee of information from a source he
doesn’'t know anything about. The user is involved B made aware of the system
responsibilities related to privacy and security.

Also, the user can choose to reveal more persofaihnation as he become comfortable with
the system. This gradual intimacy with the systsriikely to motivate the user to both use
and grow with it.

The user may request that information be deletédimregular intervals. The user is offered
a try period after which all information about theer is eradicated.

But only in the long run is it possible to establétrue sense of trust with the system. The
system must prove itself by providing relevant rmaeendations. Relevant and meaningful
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recommendation is based on provisioning of releaadtqualitatively good context
information and profiles.

An effective service monitoring model will keep tbervice space free from bad services and
unwanted content.
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Chapter 7 - Architecture and Platform

The proposed AdvertLBS system is described graphicefigure 7 a). The system
communicates with end users on a web portal. Aaltliy it communicates with the service
consumer via an application running on the mokaledset. In order to collect context
information, obtain geographical information, weatkervices, and other context data it
implements web service interfaces.
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Service Provider

AdverLBS System

Provider Management .
Ty

/4/4/

Web Client
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é}ecommendaﬁm |
User Management
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Figure 7 a) The AdvertLBS system.
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7.1 System Deployment Diagram

| present a system deployment diagram which sdoviisistrate the entities involved in the
system. The system consists basically of a commatioit front-end, a processing back-end, a
data center, and external services. The servicadgamocommunicates via web portal. The
service consumer registers and does housekeepingsisia the web server and receives
recommendations and is able to perform simple nmeadibn to profiles and preferences on
the mobile application.

The packages in the system illustrate functionaiponents.
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Figure 7.1 AdvertLBS deployment diagram
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7.1.1 Front-End Subsystem

The front-end subsystem is responsible for the caomeoation with the end-user (consumer).
The front-end create and manage communicationsessiith the consumer. It offers
communication services to the mobile service coresuand to the back-end subsystem.

The front-end server is also responsible for autbation of users. This is considered a front-
end issue as it will act as protective layer betbeeback-end system. A web server hosting
the AdvertLBS web portal is located in the frondesubsystem.

7.1.2 Back-End Subsystem

The back-end subsystem is exclusively responstslenfintaining consumers, service
providers, context provisioning, representationpagement, and production of
recommendations. The back-end can request a coratiam session to be set up towards an
end-user (mobile user).

The back-end consists of database servers whidhiosra structured representation of all
context information in the system.

7.1.3 Service Consumer

The service consumer (user) is the receiver ofig@recommendations. The user is equipped
with a mobile phone application. The applicatiosiraple in terms of operation and gives the
user a few select functionalities, including recaptind display of recommendation
messages, simple preference profile managemenismoing of service ratings and access
to application settings. The application run in tiaekground and does not interfere with the
normal operation of the handset. It displays an i@oa produce a configurable sound when a
recommendation message is received.

All communication between service consumers vianbb portal is encrypted over https. The
communication between the mobile application ardftbnt-end is also encrypted; this
applies for profile modifications, recommendatioagsages, and location updates.

7.1.4 Service Provider

The service provider registers services (adver@sgg) in the system via the system web
portal. A service provider is given a user and pyasd is able create service, administrate
existing services, view statistics.

All communication between service provider and wekver uses secure http (https).
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7.1.5 External Services

The external services provide context informatidnol can be used to increase the level of
context information to be used in the recommenadgicl | will present some of the services
used by the AdvertLBS system.

Geolocation Service

A geographical location service provides locatioordinates (longitude, latitude) based on
valid addresses. There are many providers of locatbordinates and in a commercial system
the geo-location provider should be an establisitgenization or business. | have opted for a
simple solution for this version of the AdvertLBB8dauses Yahoo GeolLocation web service
to fetch location coordinates for given addresses.

This service is primarily used during registratafrservice consumers, service providers, and
service profile registrations to fetch longitudel datitude coordinates from registered
addresses.

GeoMap Service

A geographical map service provides maps, markgespand routes on maps. This is used
by the AdvertLBS to provide the user graphical timoproduce service location and
geographical restrictions to the preference prefile

The geographical map service is typically usecktolf section of maps with embedded routes
that is appended to recommendation messages.

Weather Service

Provide weather information in specified areas r@gions. The weather reports must be kept
updated on a continuous basis as it might notipfisience what kind of service is
recommended, but actually block any attempts tormewend services at all.

Context Service

This is currently just a placeholder for other @xttprovider services which might prove
valuable depending on the work area the systenmatgzemn.
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Chapter 8 - Evaluation of Proposal

In order to justify and explain how the AdvertLBygstgem realizes the system requirements |
will follow two paths of reasoning, first | want explain how the architecture covers scope of
the requirements. In this section | will also refeother proposals and show that the system
takes great care to Second, | will show how thegsed solution and architecture comply
with the WWRF guidelines for I-centric services.

8.1 Evaluation of Requirements

In this section | discuss and explain the reasémghg | consider the proposed system
architecture fulfill the requirements and the degigtionale expressed in the problem
statement. | will first evaluate the actual recomuiegion logic adopted in AdvertLBS.

8.1.1 Recommendation Accuracy

The recommendation logic is based on knowledgeebasd collaborative filtering
algorithms. The algorithms complement each othénénfollowing sense: the collaborative
filtering produces rather bad recommendations where are few users or the number of
ratings in the system is few. This limitation isot/ed by the knowledge based logic which
contains both static information provided by thenend inferred knowledge learned by the
system.

8.1.2 Registration

There are three issues | would like to reason atmdated to the registration requirements
presented in section 3.3.2.

First, a push-based recommending system operatwaytls mobile users must be partly
based on knowledge and information provided byuers in order to avoid the cold start
problem which affects the efficiency and accuratchearning algorithm operating in an
environment where there are few opportunities aoniédrom user activity. The user must tell
the system something about self to get it stattater, when the interactivity and the number
of user’s in the system grow, the system will stafearn more about the user and new paths
will be established through the recommendationclogi
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The AdvertLBS system solves this problem by fordimg user to register a tiny amount of
preference information to get the recommendatiacgss started.

Second, from a legal and ethical point of vievwsihecessary to gain permission to track the
location of the user and to be allowed to pushmeunendations onto the user’'s mobile
handset. The proposals in this thesis suggest piementation which will secure that the
consumer is made aware of, by being forced to tegithese system activities.

8.1.3 Location Updates

Use case 3 in section 3.3.2 state that the consomastrtransfer location coordinates to the
system. This is needed in order to enable the myBigeason about proximity to relevant
services.

The location update model, described in sectior25c¢hosen for the AdvertLBS is based on
recognition of the need to limit the amount of ugdareceived by the system, but still receive
the significant updates which occur when the molsier close in on relevant services. Three
methods were chosen: geographical filtering, dstdmased, and query based.

The geographical filtering mechanism will ensurat tithe mobile application only transfer
coordinates if the user is within a pre-definedggaphical area of interests, i.e. an area where
the user wants to receive recommendations giveprésence of relevant services.

As it is likely that most users will not define ggaphical areas of interest another method
was required to limit the number of location updafehe distance based approach was
adopted as this method requires that a certaiardistbe travelled between each location
update. The advantage of this is simplicity and #iso the speed of the user can be inferred
by the system based on the frequency of locatialaigs. In most cases this will eliminate
unnecessary network traffic as it enables the redahdset to know when to send updates.

Once inside an area populated with services, lBédvant and irrelevant, it might be
necessary to speed up the location update to iregtm/precision of the user location. As the
mobile don’t know where the services are it wasws necessary to enable the system to
request more or less frequent updates.

By combining these three methods the location wpdetdel provides the following
advantages: reduction of location updates, flexiipldate frequency based on proximity to
relevant services.
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8.1.4 Knowledge and Context Elicitation

As a reaction to the current trend within reseandhe area of LBS'’s, LBA’s and
recommender systems in general to focus on optigitgarning algorithms and prediction
algorithms | decided to place the subject matter bmoader perspective where the customer is
in control and have the opportunity to both impréve system and to shape his own
experience of the service. | suggested viable isolsitto context provisioning and showed
representation of context information.

| believe it is essential to involve the user ia #ystem. This is one of the primary reasons for
adopting the knowledge-based approach in AdvertlB&#im that this is indeed necessary to
establish the necessary trust with the user baseaBlving the user and let him decide how
much or little he wants to contribute we immediatestablish a connection between the user
and the system. Once this initial rendezvous hases the systems collaborative filtering
algorithms will continue to improve the knowledgedacontext around the user and provide
better service recommendations.

8.1.5 Service and Recommendation Rating

Requirements related to service and recommendedtong is considered to be covered in the
AdvertLBS system by implementing a simple mechangich rate the content of the
service and at the same time provides feedbackeadtual recommendation.

The service rating scale is divided into five lsvetpresented by integers from 1 to 5, ranging
from very bad to excellent. This scale is simplg, dives the necessary information to
compute average ratings, identify and form collabige groups, and provides context
information to the content-based algorithm.

The recommendation rating tells the system if dwdti continue recommending the same
kind of services or not.

8.2 Evaluation of Compliance with WWRF I-Centric Model

In this section | will explain how the AdvertLBSstgm adhere to the I-centric guidelines
stated as the leading design guidelines in the begynning off this paper.

8.2.1 Personalization

The systems primary concern is to produce relessommendations to the consumer. This

noble concern will also gain the service provider.
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In order to produce good and relevant recommenakaitds necessary to have knowledge
about the consumer. There are essentially two wagbtain knowledge about the consumer,
either the system learn or the consumer providegtiormation manually by filling out

forms or by some other means.

Once we have knowledge, the system seeks confextiation, such as location,

In a mobile recommender, learning based on ratirsgivices or collaborative-filtering
requires a large group of users. In literatureviehsurveyed there seems to be agreement that
it takes too long time to become effective and eatteu An example of this can be found in
[11].

It is important to bear in mind that the user iirety free to provide a very shallow
preference profile in order to receive more recomuagions. Personalization also means that
the user has a responsibility to improve the recemdation relevance and accuracy, or at
least that he can affect it by specific actionghsass improving profiles and rating services.

8.2.2 Ambient Awareness

The location update model ensures that we are madee of the consumer location when he
is in geographical areas where he wants to recen@nmendations. Further, the system
constantly monitors the user in terms of servitmga, changes in profiles, and notices when
GPS signals disappear indicating that the userlmeagiside a building or just turned off the
GPS device or mobile handset altogether.

There is not much the system can do towards thewlsen location updates are missing. The
system must patiently wait for a new update.

Ambient awareness in terms of location awarenedshanges in profiles, ratings, service
history is central part of the AdvertLBS system #mel mechanisms are described in this
paper.

8.2.3 Adaptation

An adaptable system is capable of delivering servidifferent situations. The proposed
AdvertLBS system is capable of delivering servitesobile handsets based on location-
awareness.

The primary weakness which makes the system faihisn there are no location updates
available and the system lose track of the consuntes is a likely scenario in cities with tall
buildings or when the user move indoors.
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8.3 Comparison to Other Location Based Services

| mentioned briefly three papers which describalmn based service recommendation in
section 1.4.

The Dynamos approach described in section 1.hdtis business marketing system as such
and does not provide a fair comparison, but itithiw the same domain and proposes user
profiling with registration. The recommendation@&ighm is based on knowledge about
context. The system is however a social systemevhgers can add content and tag locations
and places with comments. It is a viable solutmmtlfis kind of systems as the system
encourages the user to actively use the systemotade information, tag locations, etc.

The AdvertLBS system mirror elements of the Dynasastion, but as it works in a
professional arena of business and advertisemdoeg move in the direction of
transparency, of only being present when therenseshing valuable and relevant to inform
to provide the user with.

The CityVoyager system described in section 1 g rather technical attempt to implement a
push-based advertisement system based on GPSjtedoime. As we have seen this is not
nearly good enough.

The Bluetooth LBA described in section 1.4.3. Thegandrawback with this proposal is the
lack of personalization and profiling leading teexy high frequency of irrelevant
recommendations which tends to annoy the consumkis problem is solve in the
AdvertLBS system by personalization and profilisglescribed in the paper.
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Chapter 9 - Conclusion and Further Work

The research in this paper has focused on a beway rof factors related to realization of
push-based LBS. | have investigated and propostabée solution of a system called
AdvertLBS and provided a qualitative evaluatiorithed requirements and shown compliance
to the WWRF guidelines for future information sees: personalization, ambient awareness,
and adaptability. The evaluation show a system lvpromises to dramatically improve the
performance, trustworthiness, accuracy of pushébbB&’s in mobile pervasive
environments.

It is hoped that his thesis will provide the themad basis for an actual implementation of the
system, followed by a quantitative analysis of parfance and accuracy related to service
recommendations, rating mechanisms, service mamitoand the context provisioning
mechanisms.

There are also improvements in terms of harvestomgext information from other sources
than | have described. The reliance on GPS to gedwacation information and GPRS/UMTS
mobile networks as a carrier of information is amsly not enough and other methods should
be investigated; also indoor location tracking gaMLAN or Bluetooth could be a feasible
way to follow up in order to improve the recommeneien further.
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