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ABSTRACT 

 
More and more network bandwidth and processing power available in mobile 
devices enable networking between users beyond voice calls and text messaging. 
Context information, which characterises the situation of an entity, will become 
an essential resource for novel networked applications. It will bring ease of use 
to the mobile devices, as services can be dynamically configured according to 
the context information. Context information is especially important on mobile 
devices, as the context of the device is usually also the context of its user. 
Furthermore, an increasing number of devices are equipped with sensors, e.g. 
with integrated GPS chips, to obtain versatile information of their environment. 
This thesis provides an overview of the sources of context information, its 
categorisation, related work on context distribution, as well as standardisation 
of representation formats for context data. This provides a solid basis for the 
rest of this thesis. User aspects considering the revelation of personal context 
information are discussed, and consequently, an incentive model for leveraging 
context-aware services is delineated. Finally, a proof-of-concept implementation 
of two context-related software components is presented: first, a middleware for 
distributing context information, and second, a navigation application on top of 
the middleware. The navigation application acts as a graphical user interface 
for group-based context-aware communication and seamless inter-application 
cooperation. The analytical results consist of quantitative evaluation, involving 
functional testing and delay analysis, and qualitative evaluation, involving user 
testing. The concepts of group-based context distribution and inter-application 
cooperation were found functional and useful. 
 
Keywords: context-awareness, distributed systems, peer-to-peer networks, 
incentive models, supernetworking. 
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TIIVISTELMÄ 
 
Entistä nopeammat yhteydet ja suurempi suoritinteho mobiililaitteissa 
mahdollistaa verkottumisen puheluiden ja tekstiviestien lisäksi. 
Kontekstitiedosta, joka luonnehtii käyttäjän tai esineen tilannetta, tulee 
olennainen resurssi, jota uudet verkotetut sovellukset käyttävät. Se tuo 
helppokäyttöisyyttä mobiililaitteisiin, kun palvelu ita voidaan dynaamisesti 
muokata kontekstitiedon mukaan. Kontekstitieto on erityisen tärkeää 
mobiililaitteissa, koska laitteen konteksti on yleensä sama kuin sen käyttäjän 
konteksti. Lisäksi laitteet ovat yhä enenevässä määrin varustettuja sensoreilla, 
esimerkiksi GPS-siruilla, voidakseen hankkia monipuolista tietoa 
ympäristöstään. Tämä diplomityö antaa yleiskatsauksen kontekstitiedon 
luokittelusta, kontekstilähteistä, aiemmasta työstä kontekstinjaon saralla ja 
kontekstitiedon esitysmuodon standardoinnista. Tämä muodostaa vahvan 
perustan diplomityön loppuosalle. Käyttäjänäkökulmaa koskien 
henkilökohtaisen kontekstitiedon paljastamista käsitellään, ja tämän 
seurauksena kannustinmalli kontekstitietoisten palveluiden edistämiseksi 
kuvaillaan. Lopuksi prototyyppitoteutus kahdesta kontekstiin liittyvistä 
ohjelmistokomponenteista esitellään: ensin välikerrosohjelmisto kontekstitiedon 
jakamiseen, toiseksi sen päällä toimiva navigointisovellus. Navigointisovellus on 
sekä graafinen käyttöliittymä ryhmäpohjaiselle kontekstitietoiselle viestinnälle 
että saumattomalle sovellusten väliselle yhteistoiminnalle. Analyyttiset tulokset 
koostuvat kvantitatiivisesta evaluoinnista kattaen toiminnallisen testauksen ja 
viiveanalyysin, sekä kvalitatiivisesta evaluoinnista käyttäjätestien muodossa. 
Ryhmäpohjainen kontekstinjako ja sovellusten välinen yhteistoiminta todettiin 
toimiviksi ja hyödyllisiksi.  
 
Avainsanat: kontekstitietoisuus, hajautetut järjestelmät, vertaisverkot, 
kannustinmallit, superverkotus. 
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ABBREVIATIONS 
 
A-GPS Assisted GPS. A method to improve the accuracy of satellite 

positioning. 
ACPC Automatic Content Push Control. Session management system 

enabling installation of missing applications on session start-up. 
AES Advanced Encryption Algorithm. An encryption standard. 
API Application Programming Interface. A software source code 

interface. 
ASCII American Standard Code for Information Interchange. A standard 8 

bit code used in data communications. 
CI Cell Identity. A method for positioning in cellular networks. 
CPP Common Profile for Presence. A standard specification defining 

common semantics and data formats for presence. 
DC Direct Connect. A peer-to-peer file sharing protocol. 
DLL Dynamically Linked Library. A software library linked to an 

executable program at run-time. 
E-OTD Enhanced Observed Time Difference. A method for positioning in 

cellular networks. 
GEOPRIV Geographic Location/Privacy. A working group of IETF developing 

a framework for geographic location information. 
GIF Graphics Interchange Format. A common graphics format. 
GML Geography Markup Language. An XML-based location description 

format. 
GPRS General Packet Radio Service. A mobile data service to the users of 

GSM. 
GPS Global Positioning System. A satellite-based positioning system. 
GSM Global System for Mobile Communication. A standard for mobile 

phones. 
GUI Graphical User Interface. A visual terminal interface. 
HTTP Hyper Text Transfer Protocol. The World Wide Web protocol. 
IEEE Institute of Electrical and Electronics Engineers. An international 

non-profit, professional organization for the advancement of 
technology related to electricity. 

IETF  Internet Engineering Task Force. An organisation for promoting 
Internet standards. 

IM Instant Messaging. A form of real-time communication between two 
or more people based on typed text. 

IMPP Instant Messaging and Presence Protocol. A protocol for instant 
messaging. 

IP Internet Protocol. The computer networking protocol used on the 
Internet 

IPL-OTDOA Idle Period Downlink Observer Time Difference of Arrival. A 
method for positioning in cellular networks. 

ISO International Standards Organisation. An organisation to promote 
international standards. 

JCAF Java Context-Awareness Framework. A Java-based set of APIs for 
creating context-aware applications. 



 

KKJ Kartastokoordinaattijärjestelmä. A coordinate system used in 
Finland. 

MIME Multipurpose Internet Mail Extensions. A standard to extend e-mail 
beyond non-ASCII character sets. 

MVC Model-View-Controller. A design pattern in computer software 
development. 

NAT Network Address Translation. A system for reusing IP addresses. 
NMEA National Marine Electronics Association. An organisation the 

standards of which are used in GPS devices. 
OGC Open Geospatial Consortium. A consensus organisation for 

geospatial standards. 
OLE Object Linking and Embedding. A distributed object system and 

protocol developed by Microsoft. 
OS Operating System. The software that manages the hardware and the 

other software of a computer. 
P2P Peer-to-Peer. A type of computer network. 
PC Personal Computer. A consumer computing device. 
PDA Portable Digital Assistant. A palm-size mobile computer. 
PIDF Presence Information Data Format. An extensible and interoperable 

description format for presence. 
PIDF-LO PIDF Location Object. Location extension for PIDF. 
PnPAP Plug-and-Play Application Platform. A middleware to enable 

application supernetworking. 
RDF Resource Description Framework. A W3C specification for a 

metadata model. 
RFC Request for Comments. Formalised memoranda addressing Internet 

standards. 
RFID Radio Frequency Identification. An automatic identification 

method. 
RMI Remote Method Invocation. The object equivalent of RPC. 
RPC Remote Procedure Call. A technology to allow a procedure to 

execute in another address space. 
RTP Real-time Transport Protocol. A standardized packet format for 

delivering audio and video over the Internet. 
RTT Round Trip Time. Time elapsed for a message to travel to a remote 

place and back again. 
S/MIME Secured MIME. A standard for public key encryption and signing of 

e-mail encapsulated in MIME. 
SIMPLE SIP for Instant Messaging and Presence Leveraging Extensions. A 

presence and instant messaging protocol suite. 
SIP Session Initiation Protocol. A signalling protocol for e.g. VoIP. 
SMS Short Message Service. A textual communication method in cellular 

networks. 
SOA Service-Oriented Architecture. A paradigm to support business 

processes with loosely coupled software services. 
TA Timing Advantage. A method for positioning in cellular networks. 
TCP Transmission Control Protocol. A connection-oriented transport 

layer protocol. 
UDP User Datagram Protocol. An Internet protocol. 



 

UL-TOA Uplink Time of Arrival. A method for positioning in cellular 
networks. 

UML Unified Modelling Language. An object modelling and specification 
language in software engineering. 

UMTS Universal Mobile Telecommunications System. One of the third 
generation mobile phone technologies. 

URI Uniform Resource Identifier. A string to identify a resource. 
URL Uniform Resource Locator. A string to locate a resource. 
VoIP Voice over IP. Routing of voice conversations over IP-based 

network. 
W3C World Wide Web Consortium. A standards organisation for the 

WWW. 
WGS84 World Geodetic System 1984. A coordinate system used in GPS. 
WLAN Wireless Local Area Network. Wireless network access technology. 
WWW World Wide Web. A system of interlinked, hypertext documents 

that runs over the Internet. 
XML Extensible Markup Language. A general-purpose data 

representation format. 
XMPP Extensible Messaging and Presence Protocol. A presence and 

instant messaging protocol suite. 
 



1. INTRODUCTION 
 

Context-awareness in mobile devices is emerging. Compared with desktop 
environment, context data is plentiful and changes often in the mobile environment. 
Context describes the situation of the mobile device and its user. First, context-
awareness is promoted by sensors which are integrated in mobile phones, e.g. 
integrating GPS chips in mobile phones facilitates location-awareness. Second, 
mobile phones today are as powerful and connections as fast as on personal 
computers a few years ago. There can be multiple applications running on a single 
mobile phone at the same time. Third, in practise, a mobile phone is always with the 
user, thus, the context of the mobile phone is the same as its carrier. These facts 
enable context-awareness to make its way into the mobile world. The issue in the 
future seems to be not how to gather context data but rather how to process, refine 
and utilise the data coming from various sources in a meaningful manner. 

User interaction may be needed to benefit from the context provided. An 
alternative is that context is used to bring forth automatic services. This reveals the 
real potential of context-awareness, being especially important on mobile devices, 
where the means of input and output are often limited. In addition to my context data, 
also other people’s context data may be used if they are willing to reveal it. The 
question considered in this thesis is how to improve ease-of-use by using context 
data of a group, especially in inter-application cooperation. 

This thesis represents a chain of context, beginning from context data production, 
going through context data distribution to actual utilisation of context. The studies on 
basic concepts have been strongly affected by the work of Professor Anind Dey [1]. 
Interoperability aspects are regarded with care, since standardisation is needed for 
different systems to be able to inter-communicate. Extensive analysis on the basics of 
context and context-awareness and related work on context data distribution provides 
a solid basis for the rest of the thesis, including the contribution of the author. 

It is claimed that the technical solutions for context data distribution are not 
sufficient. In addition, promoting user willingness to reveal their context data is 
needed. A solution for this issue, an incentive model for leveraging context-aware 
services, is presented. As there are incentives in resource sharing, usually file sharing 
in peer-to-peer environment, there probably has to be incentives also in context data 
sharing. Revealing one’s personal context data may be hindered if there are no 
incentives for promoting this kind of behaviour. Every human has a basic need for 
reciprocity [2]. Thus, this thesis presents an incentive model for leveraging context-
aware services. As people begin to reveal and share more of their personal context 
data, also new possibilities emerge for application developers to innovate novel 
context-aware services. 

This thesis covers the whole context chain in two parts in a resource restricted 
mobile environment. On the one hand, a mobile context-aware peer-to-peer plug-
and-play middleware manages gathering and distribution of context data. On the 
other hand, a context-aware navigation application utilises the context data provided 
by the middleware. It also acts as a graphical user interface for peer-to-peer 
functions. One important aspect of the middleware is enabling context-aware inter-
application cooperation. The functions of the middleware along with the context-
aware navigation application are validated in both quantitative and qualitative 
testing. 
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Thus, the goals of this thesis can be concluded as providing a discussion of the 
basics of context, context-awareness, and context data distribution to present: first, 
an incentive model for leveraging context-aware services, and, second, middleware 
accompanied with a context-aware navigation application capable of inter-
application cooperation. These two parts are woven together as the middleware can 
be considered as the future platform for implementing the incentive model.  

The author has been responsible for studying the related work in the field of 
context-aware computing. Based on these studies, the author has developed the idea 
of an incentive model. Furthermore, the author has contributed to the implementation 
of the middleware in its context distribution and inter-application cooperation parts. 
Additionally, the author has implemented the context-aware navigation application. 
The quantitative testing concerning context distribution was conducted by the author. 
The qualitative testing regarding both context distribution and inter-application 
cooperation was conducted in concert with other researchers. 

The rest of the thesis is organised as follows: chapter 2 presents the background 
and context data production. Chapter 3 provides an overview on various frameworks 
for distributing context data as well as the standards for interoperability. Chapter 4 
presents an incentive model for leveraging context-aware services. Implementation is 
discussed in chapters 5, 6, and 7. First, in chapter 5, a mobile context-aware peer-to-
peer plug-and-play middleware is presented. Second, in chapter 6, a context-aware 
navigation application built on top of the middleware is examined. Third, chapter 7 
provides evaluation of the implementation. Chapter 8 discusses the system and future 
work. Finally, chapter 9 summarises the thesis. 
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2. CONTEXT DATA PRODUCTION 
 

This chapter consists of five parts. First, in section 2.1, background of concepts and 
context data production are discussed. In sections 2.2, 2.3, 2.4, and 2.5 basic context 
types – identity, time, activity, and location – are discussed in more detail.  

 
 

2.1. Background 
 

2.1.1. Context and Context-Awareness 
 
Before further examining context-awareness, the basic concepts are defined. There 
are several definitions of context. Schilit and Theimer were one of the first to briefly 
define the three important aspects of context with questions “where you are”, “who 
are you with”, and “what resources are nearby”. The first question represents 
location, the second one user’s social situation, and the third one, e.g. printers in the 
vicinity of the user. On the other hand, they define context-awareness as the ability to 
respond to the changing conditions of the environment. [3] Some of the previous 
work has defined context merely by enumerating examples [4][5]. Some definitions 
simply describe context as environment or situation. Some consider the context from 
the viewpoint of a computer, some from that of a user, and others from that of an 
application. Pascoe [6] defines context as “the subset of physical and conceptual 
states of interest to a particular entity”.  

Dey and Abowd claim that these definitions are too strict and have given their 
definition for context: “any information that can be used to characterise the situation 
of an entity. An entity is a person, place, or object that is considered relevant to the 
interaction between a user and an application, including the user and applications 
themselves.” Further on, they define a system context-aware “if it uses context to 
provide relevant information and/or services to the user, where relevancy depends 
on the user’s task.” [7] For example, a meeting application is context-aware if it can 
access colleagues’ calendar information but not if it can access the current location 
that is irrelevant considering the user’s task. Dey’s definition will be used, as it does 
not restrict context to specific enumerated values but gives the application developer 
a freedom to define appropriate types of context for the needs of the application and 
the situation. 

 
 

2.1.2. Categorisation of Context Data 
 
After defining context and context-awareness, it has to be decided which of the 
myriad of context types should be discussed. Therefore, context types have to be 
categorised and focus areas selected to be discussed in more detail. Location is the 
most common context type in context-aware applications [7]. As mentioned in the 
previous section, Schilit asks the questions “who”, “where”, and “what resources”.  
Chen et al. interpret this as a division of context into three categories:  

1. Computing Context  
2. User Context 
3. Physical Context 
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Computing context is, e.g. connectivity (Bluetooth, WLAN) and processor 
availability. User context defines the user point of view, for example the social 
situation. Physical context is, e.g. lighting and temperature. Chen [8] adds a fourth 
category, time, which enables context history tracking which is useful in some 
applications. 

Ryan et al. [5] enumerate four context types describing the environment of a 
computer: location, time, temperature, and user identity. Dey slightly modifies the 
list of Ryan et al., suggesting that the most important context types are location, 
identity, activity, and time. These are presented in more detail at the end of this 
chapter. The context types answer to questions “who?”  (identity), “where?”  
(location), “when?”  (time), and “what?”  (activity).  These are the primary context 
types meaning that other types of context may be inferred from these types. The 
inferred context types are referred to as secondary context types. [7] This thesis 
mainly focuses on primary context types, identity, location, and activity, and their 
derivatives, presence, and supported interactions.  

 
 

2.1.3. Context-Aware Application Feature Categorisation 
 

In addition to categorising context, context-aware application features, too, may be 
categorised to help application developers. Schilit et al. presented two criteria for 
categorisation, first, whether the user is to retrieve information or to execute a 
command, second, whether this action takes place automatically or manually. 
Applications that retrieve information manually are classified as proximate selection 
applications. For example, user may choose one of the printers in proximity. These 
printers may be weighted according to location. Automatic contextual 
reconfiguration is information-based but executes automatically. For example, a 
mobile user may enter WLAN hotspot area, causing the change in communication 
context being notified for the user. Contextual commands execute actions manually 
but based on context information. Print command, for instance, would print to the 
nearest printer. Context-triggered actions automatically execute actions, e.g. when 
user enters the WLAN hotspot area, a file transfer is moved from cellular connection 
to WLAN connection. [3] 

Pascoe proposes his taxonomy for context-aware applications. It is highly similar 
to the categorisation by Schilit et al. The first feature discussed by Pascoe is 
contextual sensing which is very close to proximate selection but the user does not 
select one of the context items. The second feature, contextual adaptation, maps to 
context-triggered actions. The third feature, contextual resource discovery, 
corresponds to automatic contextual reconfiguration. The fourth and final feature, 
contextual augmentation, however, means the coupling of real and virtual world. As 
an example, Pascoe mentions a tour guide application that presents information to a 
tourist who is approaching an attraction. [6] 

Dey and Abowd propose combining the two categorisations discussed above. They 
treat information and services in a similar fashion. They present three categories of 
features that a context-aware application can support. First, context information and 
services may be directly presented to the user, e.g. location information or printing 
service. Second, context-awareness can be used to provide service without user 
interaction. This truly makes context-awareness promote ease of use. For example, a 
search can be assisted automatically if the location information of the user is 
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available: the query engine automatically combines the search term “shop” and 
user’s location, so the nearby shops are listed first in the results. Third, tagging of 
context to information supports later retrieval, e.g. history information of user 
location and time in each location is stored. Later on, pictures taken with camera may 
be placed in the correct position on the map with the help of history information. [7] 

 
 

2.2. Identity Context 
 
Identity may be the most essential piece of context information. Namely, if there is 
knowledge of all the context information except for the identity, then the context 
information is worthless and has no use because other context data has to be linked to 
some entity. Context information is always relevant and specific to at least one 
entity. On the other hand, if all the other context data is unavailable, identity context 
on its own can be used to provide valuable information. For example, it may be 
enough to only know whether a specific resource (e.g. file) exists; but knowing only 
location context hardly helps if there is no identity linked to it. 
 Schilit and Theimer categorises identities based on their spatial characteristics. 
Identities are divided into (geographic) location dependent and independent (e.g. web 
page). Location dependent entities may be further on divided into entities in one 
location (e.g. buildings) or mobile entities (e.g. users with mobile phones). [4]  
 
 

2.3. Time Context 
 
Davies et al. have built a context-aware tourist guide system. In addition to location, 
the guide system uses time in various ways. First, some of the places can only be 
visited during some (arbitrary) hours. Thus, information of available tourist 
attractions is dynamic and a web page describing the attraction can be constructed 
accordingly. A second example is that the appearance of a café menu depends on not 
only the language of the user, but also the time of day. [9] 

Thus, time can be associated with objects in the same way as location. Time is 
useful when history information of an object is recorded and used for deducing also 
future context for that particular object, e.g. a daily route to the place of work can be 
predicted to remain the same every working day. Time is also needed for tagging of 
context to information for later retrieval, which was the third context-aware 
application feature defined by Dey and Abowd. An example of this is Conference 
Assistant. It enables retrieving conference presentation notes, lecture slides, and 
attached media after the conference. The Conference Assistant will be presented in 
more detail in the next chapter. 

 
 

2.4. Activity Context 
 
Activity is the description of what is happening in the situation. Examples of activity 
context usage are given in both related work and implementation part of this thesis. 
In short, in Conference Assistant, activity refers to identifying presentations and 
demonstrations taking place in different locations, keeping track of colleagues, and 
taking and retrieving notes on presentations.  
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In the implementation part of this thesis, most visible activities are the applications 
that the users are running on their mobile devices, called supported interactions. 
They are used as multiple users set up a session, e.g. a VoIP call. Also, biometric 
sensor data, such as heart rate context, is gathered and may be exploited by the 
applications. 
  

 
2.5. Location Context 

 
Hightower and Borriello discuss location systems and basic concepts extensively. 
Location information may be either physical (also known as geometric) or symbolic. 
Physical location represents the location by providing the coordinates in a coordinate 
system. An example of physical information is 65°43’21” N by 100°10’10’’ E. On 
the other hand, symbolic location represents the location by providing an abstraction, 
which is often more human-understandable but also ambiguous. An example of 
symbolic location is “home” or “bus number 4”. Location may also be divided in 
absolute and relative. Absolute location system uses the same frame of reference for 
all located objects, i.e. it uses a single coordinate system. In relative system, each 
object can have its own frame of reference, i.e. a place is relative to other landmarks. 
[10]  

Location, whether physical or symbolic, absolute or relative, can be obtained in 
many ways. There are three basic techniques for positioning. The first one is 
triangulation, which can be done via lateration or angulation. Lateration uses distance 
measurements between known points (e.g. GPS), whereas angulation measures angle 
or bearing relative to points with known separation. The second technique is 
proximity, which measures nearness to known reference points (e.g. Ekahau, 
Skyhook). The third alternative is scene analysis, where a view is examined and 
compared with the views in a database. [10] 

The best known and most widely used positioning system is probably GPS. It is 
based on trilateration, i.e. lateration with three reference points. In the GPS 
positioning system, the reference points are the 24 satellites of which 21 are active. 
At any location on earth, there are always at least four satellites above the horizon. In 
the implementation of context-aware navigation application presented in chapter 6, 
the location obtained from a GPS sensor is the most visible context type. Since GPS 
is, in practise, only usable outdoors, other positioning methods are needed for indoor 
coverage.  

Assisted GPS (A-GPS) eases positioning in mobile devices by using an assistance 
server to decrease latency. Assistance server is able to take some of the processing 
load that would be burdening the mobile device in the normal GPS system. The 
server has an access to a GPS reference network. GPS data may be relayed via an A-
GPS server to the mobile device much faster than directly from the satellites. 
Accuracy is in the magnitude of a few metres. [11]  

Cellular positioning has been leveraged by the E-911 mandate in the US, which 
orders that every mobile phone calling to the emergency number must be locatable. 
There are several methods for positioning in cellular networks, including cell identity 
(CI), timing advantage (TA), uplink time of arrival (UL-TOA), enhanced observed 
time difference (E-OTD), and A-GPS. CI is based on the positions of cell towers. 
The accuracy is quite poor (from 50 metres to 35 kilometres), however, but the 
advantage is that there is no need for an additional equipment installation in either 
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mobile phones or cell towers. In cellular systems, TA is a parameter, the value of 
which is directly proportional to the distance from the cell tower. Thus, the accuracy 
of CI improves to 100-200 metres as the distance from the cell tower is obtained. 
Furthermore, the accuracy may be increased by introducing a method where the cell 
sector is known. Two of the solutions, UL-TOA and E-OTD, are based on 
triangulation. In the first, the signal is measured on its way from the mobile phone to 
the cell tower, whereas in the second, the signal is measured on its way from the cell 
tower to the mobile phone. They both have an accuracy of 50-200 metres. In third 
generation networks, a couple of variations of the existing positioning methods 
emerge. First, Idle Period Downlink Observer Time Difference of Arrival (IPDL-
OTDOA) is an adaptation of the E-OTD method. Second, Round Trip Time (RTT) 
method is similar to TA. However, RTT is more accurate. [12] 

Indoor positioning is trickier compared with the outdoor one. The reasons for this 
are the complexity of radio signal propagation and the ad hoc nature of deployed 
infrastructure. Currently, there are the following positioning alternatives emerging: 
solutions using an existing infrastructure (e.g. WLAN) and solutions using an 
infrastructure intended solely on the purpose of positioning. The first solution uses 
signal strength comparison with calibration data, i.e. pattern recognition methods are 
used to find correlation between the measured signal strength and the pre-measured 
signal strengths mapped into their correct positions. For example, Skyhook and 
Ekahau have developed products based on WLAN, which are also viable in outdoor 
use. The second solution either achieves accurate positioning with tags, e.g. RFID, or 
triangulation. Unfortunately, using tags requires building extensive infrastructure. 
The alternative, triangulation using reliable time-of-arrival measurement, is 
problematic indoors, because multipath propagation of the radio signal severely 
hinders accurate positioning. [13] 

After obtaining location information from the sources described above, the 
information must be represented in a meaningful way. Open Geospatial Consortium 
(OGC) has defined Geography Markup Language (GML) to model and interchange 
geographic information in XML format. GML is currently in ISO standardisation 
process. GML defines different profiles, e.g. a very simple Point Profile for 
representing coordinates without the need for importing the whole GML grammar. 
The Point Profile is used later in this thesis in an interoperable geographic location 
description format. More complex profiles are capable of representing geographic 
information with lines and vectors. [14]  
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3. CONTEXT DATA DISTRIBUTION 
 
Context information is produced from different sources, such as sensors and user 
input. On the other hand, the information is consumed by different sinks, for example 
applications and users. Many challenges emerge as the producer and the consumer do 
not reside in the same computational entity. This characteristic of different 
computational entities generates a distributed system, in which communication takes 
place using asynchronous transactions. There are inherent challenges in a distributed 
system, further discussed in the following sections. In addition to these challenges, 
the distributed data itself, context information, has some special characteristics 
compared with general resources (such as files and objects), namely context is entity-
dependent. That is, as explained in the previous chapter, context information has to 
be linked to an identity to make sense. This fact implies that privacy issues are of 
particular importance. Sensitive context information must be secured when it is 
transferred in the network. 

This chapter describes the basic concepts of context data distribution, and why it is 
a challenge in the mobile environment. Solutions for context data distribution are 
examined. The focus is on standardisation which is crucial for interoperability 
between entities. Utilisation of context data is discussed in chapters 5 and 6. 
 
 

3.1. Background 
 
Before plunging into the specifics of context data distribution, some of the basic 
concepts are explained. Distributed computing, mobile computing, peer-to-peer, and 
middleware are in the scope of this thesis. 
 
 

3.1.1. Distributed Computing 
 
Distributed computing, in opposition to centralised computing, means a 
programming model in which the services, data and algorithms are run on several 
computational entities. Coulouris et al. [15] define distributed system as “a system in 
which hardware or software components located at networked computers 
communicate and coordinate their actions only by passing messages.” The 
consequences of this definition are concurrency, inexistence of global clock, and 
independence of failures. The system can be seen as very loosely coupled. The 
purpose of a distributed system is to share resources, whether hardware (e.g. printers) 
or software (files, databases).   

The challenges identified by Coulouris et al. are heterogeneity, openness, security, 
scalability, failure handling, concurrency, and transparency. The variety of networks, 
hardware, software, and programming languages creates heterogeneity. Openness is 
vital for interoperability between the components from different manufacturers. 
Security of information sent in the network can be achieved via encryption. A 
distributed system should be scalable so that adding new resources does not choke its 
operation. Failures in independent entities should be handled gracefully. Concurrent 
requests for resources are inevitable in a multi-user environment. Transparency helps 
application developer by hiding the details of the system. [15] 
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According to the definition of Tanenbaum and van Steen [16], “a distributed 
system is a collection of independent computers that appears to its user as a single 
coherent system”. Along with computer network hardware, this definition more 
closely relates a distributed system to the user and software, which, in fact, are an 
integral part of any computing system. Tanenbaum identifies the goals of a 
distributed system as connecting users and resources, transparency, openness, and 
scalability. These are related to the challenges by Coulouris et al. Tanenbaum and 
van Steen have defined eight different types of transparency, presented in Table 1. 

 
Table 1. Different types of transparency 
 

Transparency Description 
Access Hide differences in data representation and how a resource is 

accessed 
Location  Hide where a resource is located 
Migration Hide that a resource may be moved to another location 
Relocation Hide that a resource may be moved to another location while in 

use 
Replication Hide that a resource is replicated 
Concurrency Hide that a resource may be shared by several competitive 

entities 
Failure Hide the failure and recovery of a resource 
Persistence Hide whether a resource is in memory or on disk 

 
The most widespread example of a distributed system is the Internet, “the network 

of the networks”. Wikipedia provides a description of the Internet in a nutshell: “The 
Internet is the worldwide, publicly accessible network of interconnected computer 
networks that transmit data by packet switching using the standard Internet Protocol 
(IP).”  [17] The Internet and its services (web, e-mail etc.) are accessible from 
heterogeneous devices (e.g. mobile phones, desktop computers), heterogeneous 
operating systems (e.g. Windows, UNIX, Symbian), different applications (e.g. 
browsers, e-mail clients), and different users. 
 
 

3.1.2. Mobile Computing  
 
Mobile networks are a natural place for a distributed system since every user carries 
a personal mobile device. When the users, and thereby the devices, are inter-
connected, a distributed system with separate computing entities is formed. 
Compared with a distributed system consisting of desktop computers, in mobile 
distributed system, there are intrinsically additional challenges. The most important 
one of them is mobility. Mobility leads to a dynamic environment which has to be 
considered, e.g. in ad hoc networking. Additional challenges are that mobile devices 
have low processing power, they have limited battery capacity, and although they 
might have a plethora of connection possibilities, the bandwidth is often limited.  

On the other hand, the advantage of mobility is that the device is carried with its 
user and therefore the context of the mobile device is at the same time the context of 
its user. This takes context-awareness to a new level compared with desktop 
computing. 
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3.1.3. Peer-to-Peer Networking 
 
The work in the Application Supernetworking project is focused on peer-to-peer 
(P2P) networking. In a peer-to-peer system, computing power and bandwidth of the 
participants in the network is used. This is quite the opposite to the organisation of a 
client-server architecture in which server or a relatively low number of them handle 
the computing. In P2P, there are no clients or servers but equal peers. The benefit is 
that there is no single point of failure. In addition, a peer-to-peer system is more 
scalable as every new joining peer provides resources to the network.  

Harjula et al. divide peer-to-peer solution into three generations [18]. Napster is an 
example of the first generation peer-to-peer. The first generation P2P is actually a 
mixture of client-server and peer-to-peer paradigms. The resources are distributed on 
peers but there is central indexing for resource discovery. Thus, shutting down the 
indexing servers would paralyse the whole network. This leads to the development of 
the next generation P2P. Gnutella is an example of this second generation peer-to-
peer in which indexing of resources is decentralised. In this model, the search queries 
are flooded in the network, creating overhead. Even if the resource existed in the 
network, it is not necessarily found if it resides too far from the peer that started the 
query. This is because the search queries are accompanied with a time-to-live 
parameter that determines the number of hops a query can take in the network.  

The third generation peer-to-peer combines the benefits of the previous 
generations. The system is hierarchical in the sense that some of the peers with high 
bandwidth and processing power are promoted to superpeers. An ordinary peer seeks 
out a superpeer and sends queries through it. A superpeer relays queries to other 
superpeers, which in turn have knowledge of the resources of the ordinary peers 
connected to them. This decreases the stress on the network. Skype is an example of 
the third generation peer-to-peer. 

Often, the result of multiple users using a peer-to-peer application is a peer group. 
For example, the users of a file sharing application form a peer group. A peer group 
is a group of cooperating users to achieve a common goal. A peer group can be either 
global (e.g. users of a photo sharing community) or local (e.g. an instant messaging 
contact list which is personal to every user). The role of peer groups is emphasised as 
there emerges a need for the context information of other user. For example, rules for 
distributing and revealing context could be peer group specific. Still, the peer groups 
are not in the focus of this thesis. 
 
 

3.1.4. Middleware 
 
There are many definitions for middleware but this thesis uses the one closely linked 
to the concept of distributed systems. Middleware addresses the challenges set for 
distributed computing. ObjectWeb defines middleware as: “the software layer that 
lies between the operating system and the applications on each site of the 
[distributed] system.” [19] Thus, middleware consists of two components. First, 
middleware services provide services for the applications. Second, middleware 
technologies are using the underlying system to be able to provide those services. 
Examples of different “sites” in mobile environment are easy to find: each mobile 
phone is a separate site. Figure 1 clarifies the role of middleware in a distributed 
system [16]. 
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Figure 1. The role of middleware in a distributed system. 
 

Middleware abstracts underlying distributed system functions so that application 
development is easier. Middleware offers high-level communication facilities, 
naming service, persistence of storage, distributed transactions, and security for 
applications. Communication facilities enable access transparency. Naming is 
necessary for service discovery. Persistence means storage solutions. [16] 
Middleware can also be used to optimise the utilisation of resources, especially if 
there are many applications running on top of the middleware. The services are 
offered through a common application programming interface (API). The services 
might include, e.g. context-aware functions: in mobile environment, middleware 
could gather information from different sensors, refine and provide it for the 
applications.  

Communication in the network between middleware components also takes place 
using common protocols. This is needed for distributed transactions. There are a few 
models to implement such communication: first, the distributed transactions may 
take place using remote procedure calls (RPC). This enables calling procedures in a 
different process (which may be located on a different machine) passing only the 
procedure signature along its parameters. Second, for passing references more 
conveniently, remote method invocation (RMI) was introduced. In RMI, it is 
possible to pass systemwide object references. Third, there is a message-oriented 
model, in which the problems of pass-by-reference in RPC and RMI are avoided by 
only communicating with messages. This thesis concentrates on message-oriented 
model that is transient, i.e. messages are not stored but the receiver has to be 
prepared to accept the message when it is sent. In addition, the message-oriented 
model is asynchronous, in which case the sender can continue its work even if the 
receiver is still processing the message. This offers a loose coupling and a failure-
tolerant environment for the middleware components. Fourth, there is a streaming 
alternative for real time multimedia transfer. [16] 
 
 

3.1.5. Challenges in Context Data Distribution 
 
Context data distribution significantly increases the amount of network traffic, 
especially if implemented in a point-to-point manner, i.e. context data is transferred 
directly from the context data producer to the context data consumer. A centralised 
server for gathering context data and handling publishing of and subscription for 
context data would decrease the network burden. Still, the amount of traffic remains 
a challenge in mobile environment with slow network connections and mobility 
bringing lots of updates on (location) context. There is no simple remedy. However, 
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it would alleviate the problem to update only the information that has changed and 
only the information to which the mobile devices are subscribed. In fact, there has 
been standardisation work concerning this area, which is discussed later. 
  
 

3.2. Related Work 
 

A context distribution system may be based on an existing architecture or may be 
built from a scratch. The first example introduces an existing presence delivering 
system that could be extended with other context information. In addition, the mobile 
middleware solution presented in chapter 5 is based on a framework that was not 
originally designed for distributing context. The other solutions, Context Toolkit and 
JCAF, are mainly designed for distributing context information. The Context Toolkit 
and JCAF were chosen since they had working prototypes built on top of the context 
distributing platform. 
 
 

3.2.1. Presence Service 
 

Instant messaging (IM) is real-time textual communication between multiple, 
traditionally two, users. Most IM systems offer a presence service to indicate other 
users whether one user is available for communication or not. The presence service, 
further discussed in the following sections, might be extended to exchange other 
context information in addition to presence. This has been suggested by a prestigious 
standardisation body, Internet Engineering Task Force (IETF) [20].  

Presence service is a good candidate for context distribution since instant 
messaging has gained popularity during the recent years. In practise, there are 
already instant messaging systems providing context information in addition to 
presence, e.g. Meetro [21] introduces location-awareness in instant messaging. In the 
following, a standard for presence service is presented. The market leaders in instant 
messaging, AOL AIM, Microsoft Messenger, Google Talk, and Yahoo Messenger 
are probably going to follow the same path as Meetro, eventually extending their 
repertoire of context types beyond presence. 

Presence is described as “the willingness and ability of a user to communicate with 
other users on the network”. [22] It may be deduced from the primary context 
information of the user. Request for Comments (RFC) 2778 memorandum describes 
a model for presence service and instant messaging. An architectural overview is 
presented in Figure 2. [23] 
 

 
 

Figure 2. Overview of a presence service. 
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In this system, presence information is transferred between the entities. There is a 

presence server, presence service, and two types of clients, a presentity and a 
watcher. A presentity provides presence information to be stored and distributed, 
whereas a watcher receives presence information from the service. Furthermore, the 
watcher is either a fetcher or a subscriber. A fetcher pulls presence information from 
the presence server. A special case is a poller that fetches information on a regular 
interval. On the other hand, a subscriber is pushed with presence information. All it 
has to do is to subscribe for presence information of the desired presentity and the 
presence service will deliver presence information to the subscriber as it becomes 
available. [23] 

Traditionally, presence has had the meaning of user phone availability, i.e. whether 
the phone is “on-hook” or “off-hook”. This is actually the status of the phone, but it 
may be used to deduce the availability of the user of the phone. In instant 
messengers, presence is usually in textual form, e.g. “away”, “offline”. Users may 
add a personal text to specify further their status. The presence may also be set 
automatically, e.g. after 10 minutes of keyboard and mouse inactivity the status may 
change from “online” to “away”. In fact, a better description of this function would 
be “availability” instead of “presence”. 

Rishi has observed the problem of presence services increasing the volume of data 
traffic in the network. A change in presence of any one user is notified to all the 
subscribed users. This can be called as one to many presence effect, and it applies to 
context distribution as well. [24] A presence service complying with client-server 
paradigm is not the only option. Peer-to-peer paradigm is used in a successful 
commercial instant messaging and VoIP application, Skype, in which presence 
information is scattered in the network instead of a central server. The only server in 
the Skype network is for user authentication during logging in. Supernodes offer 
NAT and firewall traversal capabilities, and act as routers for network traffic 
between ordinary nodes. [25] Other context information could be distributed in the 
Skype network in the same way as presence information. 

 
 

3.2.2. Context Toolkit 
 
Salber et al. enumerate four different reasons for why using context is difficult. First, 
context is acquired from unconventional sensors. Second, context must be abstracted 
to make sense for the application. Third, it may be acquired from multiple distributed 
and heterogeneous sources. Fourth, it is dynamic. To overcome these difficulties, 
Salber et al. propose a software framework -  Context Toolkit -  to make building 
context-aware applications easier. [26] The Context Toolkit supports common 
features required by context-aware applications: capture and access of context, 
storage, distribution, and independent execution from applications. The toolkit 
provides three abstractions: widgets, interpreters, and aggregators. It also provides 
services and discoverers. [27] The use of the Context Toolkit is explained 
accompanied with an illustrative example, Conference Assistant [28] application. 
The Context Toolkit configuration for Conference Assistant application is described 
in Figure 3. 
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Figure 3. Context architecture for Conference Assistant. 
 

Conference Assistant helps conference attendees to identify presentations that 
interest them, keep track of colleagues, and take and retrieve notes. The information 
is displayed and entered using a Personal Digital Assistant (PDA). Conference 
schedule is displayed for the user, highlighting the interesting events. When the user 
selects one of the sessions and enters the room, Conference Assistant automatically 
displays the name of the presenter and the title of the presentation. It also indicates 
whether audio or video is recorded, which affects the user’s need to take notes. The 
user can view the current presentation slide on his PDA, and if she decides to take 
notes, they are attached to the currently displayed slide. After the presentation has 
ended, the user may control the presenters display and view the slide of which she 
wants to ask a question. The user may also see the movement of his colleagues and 
their levels of interest. Based on this context information, the user can choose the 
most appropriate presentation.  

The Context Toolkit retrieves context information from context widgets. They hide 
the complexity of actual sensors from the application. In Conference Assistant, there 
are widgets for gathering context information about each presentation space as well 
as about each user. For example, the Location Widget gathers information from 
iButton Reader. The information is abstracted with aggregators. Aggregators are 
responsible for the context of a single entity, e.g. the Presentation Aggregator gathers 
information from several widgets, including the Location Widget. In turn, context 
interpreters may be used by applications to make sense of the information gathered 
by widgets. Interpreters abstract low-level context information into high-level 
information. There is the Recommend Interpreter for creating recommendations 
about presentations of interest. The Conference Assistant only communicates with 
the aggregators to gather context data and the interpreters to make it more 
meaningful, without the knowledge of underlying details, e.g. how the user is 
located.  

Some of the components of the Context Toolkit are not present in Conference 
Assistant. First, services are components that execute actions on behalf of 
applications. For example, turning on a light may be a service that multiple 
applications use and therefore it could be provided by the framework. Second, 
services use actuators to reflect the changes to the environment. Services with 
actuators, i.e. output, operate as counter-parts to widgets with sensors, that is, input. 
Finally, discoverers are responsible for holding a registry of the capabilities of the 
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framework. The other components notify discoverers of their existence as they are 
started. The applications can find out these components by querying the discoverer.  

Each of these components is autonomous. The components can be instantiated on 
multiple computing devices. The communication between the components is based 
on HTTP and XML. The only requirement for the communication architecture is that 
the platform supports TCP/IP. The implementation language is Java, but the 
mechanisms used are independent from the programming language. The drawback of 
the Context Toolkit is its scalability as the number of components increases. [1] 

All of the context types (location, id, time, activity) are present. In addition, all 
types of context-aware services described in subsection 2.1.3 are provided. First, 
information and services are presented to the user directly, e.g. schedule is displayed 
with interesting presentations highlighted. Second, context-awareness can be used to 
provide service without user interaction, e.g. when the user enters the room, the 
presentation slides are displayed on his PDA. Third, tagging of context to 
information supports later retrieval, e.g. after the conference the user may search for 
notes limiting the search in specific presentation rooms. 

 
 

3.2.3. Java Context-Awareness Framework 
 
Java Context-Awareness Framework (JCAF) is a system for distributing context 
information and providing services for context-aware applications. There is no 
central server but the system works in a loosely coupled peer-to-peer fashion, which 
prevents a single point of failure. JCAF is a general-purpose, robust, modifiable, 
event-based, and secure architecture. JCAF is designed to be modifiable and 
extensible at runtime. In addition, applications are concerned with the quality of 
context information. JCAF uses a Java programming model for the deployment of 
context-aware applications. The JCAF runtime infrastructure is illustrated in Figure 
4. In the deployment setup, each Context Service is responsible for handling context 
in a specific environment. [29] 
 

 
 

Figure 4. Example of a run-time configuration of the JCAF framework.  
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A Context Client can either request context and get it as a synchronous response, 
or subscribe for context and be notified asynchronously when updates become 
available. Clients can also have type-based subscriptions, in which case they can 
receive updates of an entity of a specific type. A Context Service abstracts sensor 
data to a higher level, providing context information about entities. Context Service 
withholds an Entity Container, to which an entity has been added, handles the life 
cycle of the entity, and Transformers that correspond to interpreters of the Context 
Toolkit. Context Monitors acquire context information from sensors, and Context 
Actuators change the environmental setting, analogously to widgets and services in 
the Context Toolkit. 
 A drawback of JCAF is its language-dependency; implementation language is 
Java. However, the creators of the framework claim that a pure Java-based 
framework is valuable as there is no need for special context modelling or mark-up 
languages.  

An example of an application built on top of the framework is Awarephone. Using 
Awarephone in a hospital environment, nurses may contact a physician with minimal 
interruption of his current activity, by letting the nurses be aware of the social 
context of the physician even if they are not co-located. Compared with instant 
messaging systems, Awarephone improves the consistency of real-life presence with 
the presence notified for colleagues by mediating presence from other location 
(Bluetooth, infrared, and WLAN) and electronic calendar markings. With 
Awarephone, the users may call the contact list person or send a written message 
with a certain priority. The message can be read at a suitable time when the person is 
available. Awarephone software is a Context Client in the JCAF framework. 
Awarephone software is connected to Awareness Service that manages messaging 
and contacts, and handles the events originating from Context Services. Monitors in 
the system are using location sensors. Actuator is a component that changes the 
presence status. A simple implementation of Awarephone was tested in a hospital 
environment. Feedback from the personnel proved Awarephone feasible, though 
concerns were expressed about revealing location information. [30] 

 
 

3.3. Standardisation 
 
Interoperability is one of the key challenges in context distribution. Standards are 
evolving to address the issue of interoperability between the entities of a context data 
distribution network. Unfortunately, proprietary implementations, e.g. instant 
messaging services by strong players, developed before the standards were 
established. In addition, there are commercial reasons for proprietary solutions, the 
most obvious one being preventing competitors from entering the network. This is, 
however, obstructing the end user communication by creating separated isles in form 
of closed instant messaging networks. In this section, standardisation of signalling 
protocol as well as an extensible context information representation format is 
discussed accompanied with examples. The focus is on representation format and 
extensibility. 
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3.3.1. Signalling Protocol 
 
As described before, a presence service may be extended to transfer also other 
context information. Session Initiation Protocol (SIP) [31] is an application-layer 
control (signalling) protocol for creating, modifying, and terminating sessions with 
one or more participants. In addition to its originally intended purposes such as 
Internet telephone calls, SIP was seen as a viable transfer protocol for presence 
information. [32]  
 An IETF working group, Instant Messaging and Presence Protocol (IMPP), has 
defined requirements for a presence and IM service in RFCs [33][23]. One of the 
group’s proposals for a transfer protocol was SIP. Later on, there was a proposal to 
extend SIP to instant messaging and presence. This proposal was named SIP Instant 
Messaging and Presence Leveraging Extensions (SIMPLE). It uses subscribe/notify 
functionality of SIP protocol to convey presence. An entity subscribes to the 
presence information of another entity and is notified as updates on the other entity 
become available. Additionally, SIMPLE defines privacy management mechanisms, 
capability querying from server by client, and resource lists (i.e. IM contact lists). 
SIMPLE implements the Common Profile for Presence (CPP) [34] and fulfils all the 
requirements in [33]. 

There are competitors for SIMPLE. One of them, an open standard alternative, is 
called Extensible Messaging and Presence Protocol (XMPP). XMPP was first 
developed as a protocol for the Jabber network. XMPP has also been standardised by 
IETF. Google Talk is built on XMPP and its Jingle extension (used for streaming and 
file sharing) protocols but also uses some of its own extensions. In addition to open 
standard competition, SIMPLE faces many strong proprietary protocols, such as 
AOL AIM, Microsoft Messenger, Yahoo! Messenger, and Skype. There have been 
some efforts to make the IM products by Microsoft and Yahoo! interoperable, but the 
protocols are unlikely to be fully opened. The use of multiple protocols has already 
been possible with third party messengers such as Trillian or Gaim. 
 
 

3.3.2. Representation Format 
 
The most interoperable format is definitely XML, which is widely adopted. It is 
human-readable, thus messages may be understood without sophisticated tools. The 
downside is performance issues: first, bandwidth usage may become a problem since 
XML is space consuming compared with binary formats. Second, XML parsing 
consumes a great deal of processing power. However, the parsing issue may be 
alleviated by new processors, in the design of which the load of XML parsing is 
taken into consideration.  
 The most prominent XML-based formats, in which context data may be carried, 
are Resource Description Framework (RDF) and Presence Information Data Format 
(PIDF). RDF is a W3C specification. The idea is to make statements about resources 
in triples as subject-predicate-object expressions. An example statement could be 
“user Alice has the location of 65°43’21” N by 100°10’10’’ E“, where “user Alice” 
is the subject; “has the location of” is the predicate; and the coordinates are the 
object. The statements would be gathered together in context data. [35] PIDF, in turn, 
is an IETF specification. The focus from this point forward is on PIDF and its 
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extensions, e.g. location object extension PIDF-LO. Next, PIDF will be described in 
more detail. 
 
 

3.3.3. PIDF with Extensions 
 
Presence Information Data Format (PIDF) is a data payload description format, 
originally intended to carry presence information. IMPP Model and Requirements 
documents are used as a starting point. For maximal interoperability, presence is 
represented in XML format. PIDF is protocol-independent in a way that any protocol 
that can carry MIME types or XML can carry PIDF. A MIME type is registered for 
PIDF: “application/pidf+xml”. PIDF is extensible to other context types in addition 
to presence. XML Schema for PIDF is provided in Appendix 1. [36] An example 
payload presenting two tuples containing presence and location information is given 
below:  

 
<?xml version="1.0" encoding="UTF-8"?> 
<presence xmlns="urn:ietf:params:xml:ns:pidf" 

 xmlns:im="urn:ietf:params:xml:ns:pidf:im" 
 xmlns:myex="http://id.example.com/presence/" 
 xmlns:gp="urn:ietf:params:xml:ns:pidf:geopriv10" 
 xmlns:gml="urn:opengis:specification:gml:schema-xs d:feature:v3.0" 
 entity="pres:someone@example.com"> 
<!-- 1st tuple: presence --> 

  <tuple id="bs35r9"> 
  <status> 
    <basic>open</basic> 
    <im:im>busy</im:im> 
    <myex:location>home</myex:location> 
   </status> 
   <contact priority="0.8">im:someone@mobilecarrier .net</contact> 
   <note xml:lang="en">Don't Disturb Please!</note>  
   <timestamp>2001-10-27T16:49:29Z</timestamp> 

  </tuple> 
 

<!-- 2nd tuple: location --> 
<tuple id="sg89ae"> 
  <status> 
    <gp:geopriv> 
      <gp:location-info> 
        <gml:location> 
          <gml:Point gml:id="point1" srsName="epsg: 4326"> 
           <gml:coordinates>37:46:30N 122:25:10W</g ml:coordinates> 
          </gml:Point> 
         </gml:location> 
      </gp:location-info> 
      <gp:usage-rules> 
        <gp:retransmission-allowed>no</gp:retransmi ssion-allowed> 
        <gp:retention-expiry>2003-06-23T04:57:29Z 
        </gp:retention-expiry> 
      </gp:usage-rules> 
    </gp:geopriv> 
  </status> 
  <timestamp>2003-06-22T20:57:29Z</timestamp> 
</tuple> 
<note>I'll be in Tokyo next week</note> 

</presence> 
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 PIDF elements are associated with the XML namespace name 
“urn:ietf:params:xml:ns:pidf”. The root of the payload object is <presence> element. 
It may contain one or more <tuple> or <note> elements. The <presence> element 
must have an “entity” attribute to identify whom the presence information concerns. 
The <tuple> element consists of a mandatory <status> element, an optional 
<contact> element, an optional <timestamp> element, and an optional <note> 
element.  

The <tuple> element includes an “id” attribute which is used to distinguish the 
tuple from other tuples. There may be multiple tuples, e.g. if presence is derived 
from multiple devices. <status> element contains at least one child element, which 
may be <basic>, and optionally <contact> and <note> elements. If the child element 
is <basic>, it indicates the availability for communication, and holds a value, either 
“open” or “closed”. The <status> element may also hold a context item (other than 
presence), as PIDF document may be extended with elements from other 
namespaces. The <contact> element contains a URL of the contact address with an 
optional “priority” attribute to state precedence of one contact means over another. 
The <note> element usually contains a human-readable comment. 

One extension to PIDF is location object (PIDF-LO). An extension solely for 
location is justifiable since location is one of the basic context types, and in addition, 
location context is concerned with privacy aspects. PIDF-LO conveys geographic 
location information within an object that includes user’s privacy and disclosure 
preferences in a secure manner. PIDF-LO extends the <status> element of PIDF with 
an element called <geopriv>. There are two subelements under geopriv: <location-
info>, for storing one or more chunks of location information, and <usage-rules> for 
defining the usage policy for the location info. Both of these elements are mandatory.  
[37] The second tuple in the example contains location information. 

The <location-info> element encapsulates one or more chunks of location 
information. PIDF-LO does not define any format for location itself since there exists 
formats for this purpose. The format of location information is identified by the 
imported XML Schema. To ensure interoperability, it is necessary to select a 
baseline format for the location information. Geography Markup Language (GML) 
3.0 is selected to be this format. The simplest package of GML, “feature.xsd” 
schema, is used as it requires little mark-up to present basic coordinate points. 
Feature resides in “urn:opengis:specification:gml:schema-xsd:feature:v3.0”. [37] 

 The <usage-rules> element may contain fields for limiting retransmissions, 
limiting retention, and containing a reference to external rulesets. There are also 
optional elements, <method>, for providing the method of positioning (e.g. DHCP), 
and, <provided-by>, for describing the supplier of this location information (e.g. 
operator). In addition to location object, this thesis extends PIDF to contain heart 
rate, time, speed, altitude, temperature, and supported interactions. The detailed 
description of such a payload accompanied with an example is presented in 
chapter 5. 

The PIDF RFC enumerates different security threats: eavesdropping, corruption, 
tamper, and replay attacks. As the payload is most probably encrypted as a whole 
and a MIME type has been defined for PIDF, S/MIME seems appropriate for 
securing the messages. Timestamps may be used as a basic protection against replay 
attacks. All PIDF implementations that support the XML Schema extensions for 
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location information must support S/MIME. Additionally, all applications must 
implement the AES encryption algorithm for S/MIME. [37] 

To decrease bandwidth consumption, especially in the mobile environment, only 
partial presence information could be updated. For this purpose, there is PIDF 
Extension for Partial Presence (PIDF-diff). First, the full PIDF document is 
delivered. After that, partial updates on that document may be sent, adding, 
removing, or replacing content. PIDF-diff will not cause interoperability problems 
even if it is not implemented in the basic CPP as servers and gateway can simply 
choose not to use it. [38] 

Internet Engineering Task Force (IETF) ratifies internetworking technologies and 
methodologies as open standards after successful peer review processes. An Internet 
standard begins as an Internet draft, which may then be published as a Request for 
Comments (RFC) memorandum. Along its way, an RFC is constantly facing peer 
scrutiny. RFCs that are to become Internet standards are put on the standards track. 
PIDF and PIDF-LO RFCs are on the track as proposed standards (situation in the 
beginning of the year 2007). After at least two independent and interoperable 
solutions exist, they have a chance to become draft standards. If the successful 
operation continues showing technical maturity, then the RFCs may become 
(Internet) standards. [39] 

It may be concluded that PIDF is a viable choice to be used for context 
distribution. First, it is easily extensible to cover context types beyond those 
presented in RFCs. For example, it is highly unlikely that there will ever be an RFC 
for heart rate or altitude. Second, interoperability aspects have been emphasised in 
the design: peer review process is to ensure there is no ambiguity in the specification, 
PIDF is not constrained to a single protocol, and XML has been chosen as the 
description format for its wide acceptance. Third, privacy concerns are taken into 
account, especially in PIDF-LO. These characteristics should offer an excellent basis 
for emerging non-proprietary commercial implementations. 
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4. INCENTIVE MODEL FOR LEVERAGING CONTEXT-
AWARE SERVICES 

 
This chapter presents an incentive model for leveraging context-aware services. The 
chapter is organised as follows: section 4.1 describes background. Section 4.2 
describes the concept of the incentive model accompanied with an illustrative 
example. Section 4.3 determines calculus. Section 4.4 provides implementation 
guidelines and an example. Discussion is provided in section 4.5. 
 
 

4.1. Background 
 
Technological solutions for context distribution have been getting a great deal of 
attention in the research communities during the recent years. Some examples were 
presented in the previous chapter. How fancy these context distribution models may 
be, in everyday use, however? Context data is not always voluntarily revealed to 
other users, comparable with the phenomenon of not revealing valid presence 
information in instant messaging. This delays and at worst prevents the development 
of new context-aware services and applications. Users – or peers if the social context 
contains peer groups – expect to gain something in exchange for sharing resources; 
in other words, they expect reciprocity [2]. Therefore, it can be assumed that also in 
the case of context-awareness, users expect to gain something for revealing their 
context.  

There are existing incentive models for sharing resources in peer groups [2][40]. 
However, these do not address the special characteristics of context data sharing, 
such as context-entity dependency. Context information is entity-specific, whereas 
resources in general, e.g. files, may belong to any entity. This has the corollary of 
privacy aspects being important. Having clarified the difference between context 
information and resources in general, a novel incentive model for leveraging context 
services can be introduced.  

 
 

4.2. Incentive Model for Context Data 
 

4.2.1. Benefits 
 
Incentive model leverages context services by categorising users in different context 
levels. In essence, the users are induced to reveal their context information by 
rewarding them according to their revelation level. The users get the more rewards, 
the higher they are in the category. Thus, revealing context information becomes 
more appealing. Applying this model, revealing context is expected to contribute to 
the emergence of new context services.  

All the players on the mobile field benefit from using the incentive model. The 
first players are the device manufacturers, who profit by selling phones and other 
devices with advanced technology (GPS location and heart rate sensors). The second 
players are the mobile phone operators, who distribute context-aware services. 
Nowadays, context-aware services do not sell so well. The third players, application 
and service developers, make business by creating context-aware services. The 
fourth players, advertisers, can consider contextual information when delivering 
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advertisement to a mobile device, e.g. by creating location-dependent 
advertisements. Last but not least, users obtain rewards originating from: 

1. Device manufacturers, making basic functions of the phone context-enhanced 
so that revealing more context information leads to more convenient user 
experience. For example, a contact list enhanced with presence information 
may prevent unwanted calls while sleeping. 

2. Mobile operators, offering benefits comparable to money. For example, free 
call time minutes, free data transfer minutes, or more network bandwidth. 

3. Application developers, offering benefits comparable to money. Features in 
applications or free updates, for instance.  

4. Advertisers, offering benefits comparable to money, e.g. discounts on clothes 
if user agrees to receive location-aware advertisements. 

5. Peers, improving communication possibilities, e.g. seeing location of a peer 
leads to changing the walking route to meet the peer face-to-face. 

 
 

4.2.2. Concept Description 
 
In the incentive model, users are graded based on the amount and the quality of 
context data that they are willing to reveal. There may also be a compensation for 
resources, further discussed in section 4.3. Users on a given context revelation level 
can only see the data of peers in that user level or levels below it. An abstract model 
is described in Figure 5, accompanied with an example. Arrows denote a “sees” 
relationship. This means that a user at the start of the arrow sees the context from a 
user at the end of the arrow. Notation “Lm_usern” means the user n on level m; n Î   
[1, Nm], m Î   [1, M]. Therefore, M is the number of levels, and Nm is the number of 
users on level m. 

Trust is important when revealing context information. Users need to be able to 
trust the information will not be misused. There could be an invitation policy to 
promote trust, i.e. some high-level user should recommend the low-level user to gain 
access to higher levels. Thus, the high-level user becomes responsible for the low-
level user. In exchange, the high-level user gets revelation points but is at the risk of 
losing his status if the invited low-level user misbehaves. 

In addition to trust, privacy issues have to be considered carefully. In everyday 
use, the user’s willingness has to be the most important criterion for deciding 
whether to reveal context information or not. However, as an exception, e.g. 
emergency call, would trigger user positioning automatically. Respecting users’ 
privacy, the incentive model does not force anyone to reveal his context information. 
Besides, revealing context without person’s consent might be illegal.  

Peer groups can also be utilised as the executors of context revelation rules. In this 
case, a peer group is interpreted as a set of peers choosing to operate under a certain 
set of community rules. In addition, they undertake the responsibility for enforcing 
the rules on other group members [41]. The community rules, which must be 
approved by every member, define how peers are expected to behave in the group. 
They also specify the actions taken when the rules are broken or how, in turn, 
praiseworthy peers can be rewarded. 
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Figure 5. Context level categorisation: a) abstract model, b) an example. 
 
 

4.2.3. Example of Applying the Concept 
 
Assume that there are seven users in the system on four context revelation levels, 
thus M is 4. There are two users on three lowest levels, Basic Level (BL), Advanced 
Level (AL), and Premium Level (PL), and one user on Ultimate Level (UL), thus 
N1=N2=N3=2 and N4=1. This case is described in Figure 5. 

Once again, arrows denote a “sees” relationship. First, UL denotes an Ultimate 
Level user, who has gained access to the highest level by revealing in-depth context, 
including accurate location (GPS data) and heart rate sensor data, with history 
information, e.g. his location yesterday 12 pm. Second, PL denotes a Premium Level 
user the same in-depth context as UL user. However, history of context is not 
revealed, therefore, the user does not reach the Ultimate Level. The fact that the 
revealed context is objective and the user cannot alter it, helped the user to reach a 
high revelation level. Third, AL denotes an Advanced Level user, who reveals some 
context data, including a presence information text describing his status or mood, e.g. 
“Having lunch”. User inputs this information himself, presence information is thus 
subjective. In determining a revelation level, subjective information was preferred 
over objective. Fourth, BL denotes a Basic Level user with no context data (other 
than existence) shared.  

PL users reveal location for PL peers and higher-level UL users. Lower level (AL 
and BL) users cannot see that location. Lowest level BL users cannot see any peer 
context (except for existence) since firstly, they cannot access higher-level context, 
and, secondly, BL users only reveal their existence. 

There could be a threshold rule for gaining access to a higher level. A threshold 
rule in Premium Level could be that the user has to reveal GPS location data. This 
means that even if the user had enough points for gaining access to Premium Level, 
she does not fulfil some predefined prerequisite, in this case, providing accurate 
location data. This makes providing context-aware services easier, as the service 
developers can trust on a specific level user having certain context item revealed. 
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4.3. Determining Revelation Level 
 
Context data has to be expressed in a quantitative form to be able to determine the 
revelation level. There can be seen two phases in determining revelation level of a 
single user. The first phase is to apply the formula for calculating revelation points. 
As a result, we get revelation points for the user. The second phase is to grade the 
user based on a ruleset. As a result of that, the final revelation level is elicited. The 
overall process of defining revelation level is presented in Figure 6. 
 

 
 
 

Figure 6. Determining context revelation level. 
 
 

4.3.1. Revelation Points 
 
Revelation points have to be calculated in order to be able to determine the revelation 
level. Many different criteria have to be considered. This can be done with the 
following formula for calculating revelation points: 
 

  �
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where 
R = revelation points 
w = weight factor 
s = context revelation scope 
g = granularity of context 
c = context type value 
n = number of criteria to evaluate.  
 
Weight factor w is used to emphasise some context information over another, as 

the system controller, e.g. mobile operator, might prefer location to presence. The 
weight factors are set by mobile operators or whoever provides the framework for the 
context service. Context revelation scope s defines the size of the group to which 
context is revealed. An example classification is the following: only me=0, friends 
and family=1, peer group=2, everybody=3. Granularity of context g promotes 
revealing accurate context. For example, in the case of location information: 
country=1, state=2, county=3, city=4 etc. Context type value c might be based on 
usefulness of context information to other peers, e.g. location could be considered 
valuable (giving it factor of 5), whereas the heart rate not (giving it factor of 1). The 
distinction between w and c is that one considers the utility of context information 
from the viewpoint of the system controller, and the other from the viewpoint of the 
user. Finally, n denotes the number of criteria.  
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There are also other exchangeable items in addition to context. However, other 
exchangeable items should also be evaluated and put in a quantitative form to be able 
to compare them to context revelation. Some of such items are listed below: 

1. Shared data: files. 
2. Resources: processing, memory, bandwidth may be shared within peer group. 
3. Contacts: high-level contacts appreciated. 
4. Money: points can be bought with real money or equivalent. 
Context information may be objective or subjective. Objective information comes, 

e.g. from a device (GPS location, mobile phone idle time) or from a mobile operator 
(cell-ID positioning). Subjective information is set by the user himself or given by 
another peer. There might be a policy that certain amounts of objective points are 
needed to make use of subjective points. 
 
 

4.3.2. Revelation Level 
 
Revelation points themselves are not enough to determine the revelation level but the 
points have to be graded. The one, who does the grading, is the provider of context 
revelation service. This may be a mobile network operator. As for the grading scale, 
it may be static or dynamic. Static scale is simpler and thus more understandable to 
users. Dynamic grading may be needed to assure a desired distribution in revelation 
levels. However, in case a dynamic scale is used, the updates on the scale should be 
infrequent and notified clearly for the users. 

Thresholds may place restrictions that prevent rising to a certain level even if the 
user had enough points for that level. This may be the case if some context item is 
considered essential, e.g. location information could be a requirement for the highest-
level access.  

There is a difficulty in indicating revelation system to users. There should be 
possibility for the users to know how their changes in revelation affect their level 
before they actually “commit” the revelation changes. This could be done by asking 
the presence server (in client-server systems) to calculate the new revelation level. 
 
 

4.4. Implementation Considerations 
 

4.4.1. Guidelines 
 
The model has not been implemented yet. In this subsection, attention is paid to 
implementation considerations of the model. Some questions need to be discussed: is 
the network client-server or P2P based, who actually determines the revelation level, 
how one ensures that context information is correct, and how one ensures that the 
remote peer is who she claims to be. 

There are versatile possibilities in implementing the network for incentive model: 
client-server and different P2P models. In a context-aware client-server model, there 
exists a presence server in some form. In this case, the calculation could be carried 
out on a server instead of less capable mobile devices. If clients need to be notified of 
their revelation level, this information has to be sent to the clients. Information 
related to the revelation level can be transferred in the same packet as the other 
peers’ context data to avoid packet overhead.  
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In the P2P model, a peer is not allowed to calculate his revelation level because of 
the possibility of forging the level. A better solution is that every peer calculates the 
revelation level for every other peer. This places redundant processing burden on the 
mobile nodes, however. A peer could find out his revelation level in the context 
packets from the other peers. 

P2P networks do not need to be flat in hierarchy; the third generation P2P 
networks presented in the previous chapter involve more than one hierarchical level 
of peers. The superpeers are generally more capable than “ordinary” edge peers; they 
communicate with other superpeers, and usually function as centralised points for 
resource discovery of their associated edge peers, for instance. Depending on the 
structure of the network and the identities of the users, superpeers might be trusted 
enough to get the privilege to determine revelation levels. This solution might also be 
more scalable than the flat P2P or client-server, since client-server concentrates all 
execution to one point, and flat P2P might involve lots of messaging between the 
peers of equal status. 

However, even if trusted parties were used to guarantee that the decision from 
grading algorithm is not forged, there cannot be the certainty that peers are not 
emitting forged context data, such as incorrect position coordinates. One possible 
solution could be reputation-based systems, elaborated in [42]. In reputation-based 
systems, the resource requestors (consumers of context) can assess the reliability of 
offered resources (context produced by others) based on the votes given by other 
peers. That kind of system would not be immune to attacks, but seems to be an 
interesting choice for determining the trustworthiness of context information or P2P-
executed grading results. If a peer group is a small group of real-life friends, a 
relatively strong trust is probably present without explicit enforcement. 

Ensuring the identity of a user can be based on digital signatures. Assume that user 
A has a very trustworthy friend, user B. User B sends context information to user A; 
user A wants to be sure that the remote peer really is user B. If user B uses his digital 
signature in the packets, user A can trust that the context originates from user B. 
 
 

4.4.2. Example 
 
One possibility to implement the incentive model is using an existing middleware 
platform, PnPAP, and an application built on top of the platform, NaviP2P. PnPAP 
and NaviP2P are presented in detail in the following chapters. NaviP2P, a mobile 
peer-to-peer navigation application, utilises peer-to-peer context distribution services 
provided by the platform. In the current implementation, there is no presence server, 
therefore user gradings should be maintained by the peers. It is assumed that there 
are no malicious users and thereby no forgeries of revelation levels. 

The heart of NaviP2P is a map view where other peers are tracked, i.e. their 
location is displayed on the map if the user is permitted to access context information 
of the other peers. As the incentive model is applied to this case, only users in 
Premium Level can track other users. An example of the difference in the views of 
NaviP2P according to the user level is presented in Figure 7. First, there is a view of 
a Basic Level user, second, a view of a Premium Level user. Both are able to see 
their own location on the map. However, a Premium Level user is able to see the 
location of other peers, whereas a Basic Level user is not. A Basic Level user is, 
nonetheless, able to see the names of other users in the peer group. In this case, the 
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prerequisite for becoming a Premium Level user has been to reveal location 
information with granularity g, being GPS location granularity and context revelation 
scope s being peer group.        

 

         
 

Figure 7. Example user views: a) Basic Level, b) Premium Level. 
 

A Premium Level user has an access to services that a Basic Level user does not 
have. An example business model is a guidance service that can point out the route to 
the restaurant where friends of the user are. The restaurant pays the operator to put 
their business in the service. The operator shares some of this income with the 
developer of the guidance service. As more and more people want to use the 
guidance service by becoming Premium Level users, device manufacturers sell 
devices with integrated GPS sensors. The users benefit as it is easier for them to find 
the restaurant and friends. Since there is also other context information available in 
addition to location, statistical analysis may be performed to aid further developing 
the service. For example, if the users revealed their location history, it might be seen 
that people usually go to restaurant after cinema, and the route to the restaurant to see 
friends could be automatically suggested to the user after seeing a movie. 
 
 

4.5. Discussion 
 
Implementing the model and testing it with real users is needed in order to verify 
feasibility of the incentive model. A paper presenting the incentive model was 
submitted to the 5th International Conference on Mobile and Ubiquitous Multimedia. 
It was accepted for publication and presented as a poster [43]. The need for user 
testing was also identified in the comments from the conference paper reviewers. The 
details of how human behaviour affects the system or how the system affects human 
behaviour are impossible to analyse in theory. This is left for future work. However, 
some considerations may be presented. Adopting an incentive model, the network 
load is expected to increase as people are induced to reveal more and more context 
information. It must be emphasised, however, that it is not the model overhead, but 
the willingness to reveal more context that causes the increase.  
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5. MOBILE MIDDLEWARE FOR CONTEXT–AWARE 
SUPERNETWORKING 

 
This chapter presents the middleware developed in Application Supernetworking 
project (All-IP) at the University of Oulu, and how it is used in context distribution 
and context-aware supernetworking. In section 5.1, the system is outlined. Section 
5.2 presents the different applications built on top of the middleware. Section 5.3 
studies the middleware from the viewpoint of context-awareness, discussing 
transferring context and providing it for the applications. 
 
 

5.1. The Middleware Architecture 
 
The middleware, PnPAP, Plug-and-Play Application Platform, presented in [18], is 
created to aid software developers’ task of deploying group-based applications in a 
mobile environment. PnPAP implements some functions on behalf of applications 
and tries to overcome challenges in distributed systems, especially as for openness, 
concurrency, and transparency. It also enables using resources in more optimal 
manner in presence of multiple applications running on top of the middleware 
compared with a case where middleware was not used [44]. Finally, it provides 
capability to supersessions that increase ease-of-use. The PnPAP architecture 
overview in Figure 8 is the basis for discussion. In the figure, dotted lines represent 
process boundaries. Black arrows represent inter-process communication.  
 
 

 
 

Figure 8. Overview of PnPAP architecture.  
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As mentioned, there may be several applications running on top of PnPAP at the 
same time. Some of the functions that are common to many applications are brought 
to a higher abstraction level or entirely hidden from the developer by PnPAP. This 
speeds up application development, as the focus can be laid on the application 
specific functions. An application can get a grip on the common functions via a 
PnPAP client stub. It is a dynamically linked library (DLL) running in application 
process to enable communication with the PnPAP server. 

The PnPAP server serves the clients connected to it. It must be noted that in this 
context, both the server and the clients are local, residing on one mobile device. In 
PnPAP, there are several key functionalities with which the applications are 
provided. First, peer group management takes care of low-level group functions on 
behalf of applications. Applications can join and leave a peer group and request for 
the user listing of a peer group. Being a member of multiple peer groups 
simultaneously is supported. The application has to know the name of the peer group 
and whether the group is public or private. If the peer group is private, then, a 
password is also required. 

Second, PnPAP enables obtaining both local and remote context with the context 
module. Context information is gathered from various sources: local sensors (e.g. 
GPS device), applications (e.g. setting textual presence description), or network 
(context information of other users). In the case of multiple context sources or 
conflicting context information, PnPAP would take care of resolving the conflicts 
and providing the application with unambiguous information. Applications may ask 
PnPAP to send a request for remote context, i.e. context information of other user. If 
the request is successful and remote context information is obtained, the information 
becomes available for all the applications on top of PnPAP. 

Third, session management enables sessions between local and remote 
applications. For example, a voice session setup can be managed by PnPAP. The 
application is offered functions to start, accept, reject, and end sessions. Agile 
Content Push Control (ACPC) is part of the session management. ACPC is discussed 
in more detail in the next chapter. 

Finally, PnPAP includes protocol and connectivity management. These are 
bundled under the concept of holistic connectivity. The idea is that the protocols, 
such as SIP, DC++, JXTA, and miniP2P, can be downloaded from, e.g. other peers 
and used in plug-and-play fashion, i.e. changing the protocol on the fly. In addition, 
connectivities, such as Bluetooth, GPRS/UMTS, and WLAN, can be switched on the 
fly. Dynamic state machines are used for decisions about switching between different 
protocols and connectivities. Decisions are based on the preferences (e.g. connection 
cost, speed) provided by applications. In-depth discussion on holistic connectivity 
and state machine execution is not in the scope of this thesis. 

PnPAP is implemented in Symbian C++. Thus, the applications are provided with 
a Symbian C++ application programming interface (API) for the applications 
operating on top of the platform. C++ is an efficient choice in the mobile 
environment. The current version of PnPAP and the applications are using Symbian 
Series 60 Feature Pack 2. Models 6630 and 6680 from Nokia are suitable for 
deployment. 
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5.2. Applications 
 
To demonstrate the capabilities of PnPAP for rapid prototyping, there are various 
applications built on top of PnPAP. In addition, several applications are needed to 
demonstrate the concepts of application supernetworking and supersessions. 
 
NaviP2P 
 
In short, NaviP2P is a mobile context-aware peer-to-peer navigation application [45]. 
It is presented in detail in the following chapter.  
 
FileSharing 
 
FileSharing is a mobile peer-to-peer application for sharing resources within a peer-
group. In its current form, it uses DC++ [46] protocol and may interact with DC++ 
clients on a personal computer. Therefore, it is not restricted to the mobile 
environment. FileSharing provides “Browse Files” interaction. 
 
Wellness 
 
Wellness enables tracking of personal development before, during, and after training. 
It is designed to replace pen-and-paper exercise books. In addition, peer group 
aspects have been considered: workout programs and results can be shared within a 
peer group, and training of other users followed in real-time. Wellness lets the user 
find out heart rate, altitude, speed and temperature. This information is obtained from 
a sports computer. Wellness provides “Follow Training” interaction. 
 
RealTime 
 
RealTime combines multimedia streaming with peer group aspects. The current 
implementation supports voice over IP, more specifically, push-to-talk. RealTime is 
used with NaviP2P to demonstrate dynamic session start-up [47]. RealTime provides 
“VoIP” interaction. 
 
 

5.3. Context-Awareness 
 
In the same way as the Context Toolkit presented in chapter 3, PnPAP provides 
solutions to the problems in using context enumerated by Salber et al. [26] First, 
PnPAP channels context information through one API thus the application itself does 
not have to collect the information. Second, context information might be refined and 
abstracted by PnPAP before delivering it to the application. This feature is not 
implemented, however. Third, PnPAP provides context from distributed sources, that 
is, other users and their sensors. Fourth, the dynamic nature of context information is 
tackled so that every time the information is updated, the application is notified, thus 
removing need for applications to poll for context updates. 
 The following subsections describe the concept of context-aware application 
supernetworking. Subscription for context information, the format in which it is 
transferred, and the means to provide it for the applications, are discussed. 
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5.3.1. Context-Aware Supernetworking 
 
Application cooperation has existed for decades. An example of the first forms of 
application interaction is piping in UNIX, which enables using output of one 
application as an input for another application. It eases application development and 
usage. The development is eased as new applications can be created by combining 
the functions of the existing applications. The usage, in its turn, is eased as 
applications may be combined to complete a certain task. On the other hand, in 
Windows, Object Linking and Embedding (OLE) allows moving, e.g. bitmaps, 
between applications easily. More recently, a concept of service-oriented architecture 
(SOA) has evolved, including similar features such as interoperability and service 
reusability.  

Application supernetworking is one form of cooperation of applications assisted 
with common functionalities of PnPAP. As stated in the beginning of this chapter, 
the common functionalities include managing peer groups, sharing context 
information, managing sessions, and holistic connectivity. A supersession is an 
instance of such cooperation of applications. To give a concrete example: the 
members of a peer group are able to select other members from a navigation 
application to initiate new application sessions, supersessions, for file sharing, instant 
messaging, or real-time communications. PnPAP decides on the most appropriate 
protocols and connectivities to execute the selected interaction. [48] 
 The focus of this thesis is on context-awareness in supernetworking. Context 
information can be used for example to present applications that the other user (the 
user with whom interaction is wanted) has installed, or the menu options may be 
automatically updated according to the installation status of a specific application. 
This means that an application session between users may be started only if the 
application is installed on both, local and remote, mobile devices. Another example 
of using context information is the selection of an appropriate connection. If both 
users have enabled Bluetooth connections and are in the range, then connection and 
data transfer may take place using free Bluetooth instead of chargeable GPRS 
connection. 
 Application supernetworking provides ease of use. It substantially reduces the 
amount of needed user interaction, both time and key presses, of a session start-up. 
The greatest benefit is that, e.g. when viewing a map in Navigation application, the 
user is instantly able to see if the other user is capable of a supersession or not. In 
addition to ease-of-use, supernetworking reduces memory consumption compared 
with the case where applications were installed separately, using separate 
connections. [44] 
 
 

5.3.2. Subscription for Remote Context 
 
Publish/subscribe paradigm in a presence service described in chapter 3 was 
modified to suit a peer-to-peer environment. Instead of a presence or context server, 
there is only one central server to store only online/offline status. In this case, the 
server is a DC++ [46] hub. If context information in addition to online/offline status 
is needed, it is conveyed in a peer-to-peer fashion, i.e. directly from one peer to 
another.  
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The peer-to-peer publish/subscribe mechanism is described in more detail in the 
next chapter along with a sequence diagram. In short, the sequence goes as follows: 
User B publishes his status on the DC++ hub. This informs other users that context 
information of user B may be available. User A requests for context information. The 
request is transferred to user B. User B is notified about the request and may either 
accept or decline the request. If the request is accepted, B sends context information, 
once or continuously, depending on the type of the request. The benefit of this 
approach is that there is no sensitive data stored on a central server. The downside is 
that the system is not very scalable, as one context information packet contains all 
the context items available on B; there is no possibility for content-based selection in 
the current implementation. Furthermore, the context information is sent at certain 
pre-specified time intervals, even if context data has not changed. Still, though not 
being a very flexible peer-to-peer solution, the system is sufficient for the purposes 
of demonstrating the concept of supernetworking and carrying out user testing. 

Context information as well as the messages in publish/subscribe process are 
transferred in SIP packets. This system is independent from the DC++ hub used for 
informing the composition of the peer group. SIP messages are routed via SIP 
Express Router.  
 
 

5.3.3. Transferring Context 
 
Context information is transferred within SIP packets, as mentioned above. The 
format of context information is interoperable as it conforms to the PIDF-LO RFC 
presented in chapter 3. SIP packet contains the PIDF formatted message in its body. 
The implementation complies with the XML schema of PIDF but is not a PIDF 
implementation, since securing the context data has not been implemented. The PIDF 
payload is transferred in the body of a SIP MESSAGE. An example of the headers of 
such message is provided in the following:  
 
MESSAGE sip:1@212.50.147.120 SIP/2.0 
Via: SIP/2.0/UDP 213.139.187.219;branch=z9hG4bKWSWi cJ6sBc 
Max-Forwards: 70 
From: sip:2@212.50.147.120;tag=2PLwPgA963 
To: sip:1@212.50.147.120 
Call-ID: vNKGTDCxR4KH1ovjKiD5@213.139.187.219 
CSeq: 50 MESSAGE 
Contact: sip:2@212.50.147.120 
Content-Type: application/pidf+xml 
Content-Length: 1583 
 

All types of context information (id, time, location, activity) are transferred in a 
single PIDF formatted payload. There are four tuples according to the source of 
context information. The first tuple describes geographic location information 
packed in GML. The format is simple only describing geographic coordinates, i.e. 
latitude and longitude. The second tuple describes presence information, gathered 
from the input of the user. The third tuple describes different biometric and spatial 
attributes: heart rate, speed, altitude, and temperature. These have to be defined so 
that their interpretation is unambiguous. Finally, the fourth tuple enables context-
aware supersessions by providing the supported interactions of the sender. An 
example showing a PIDF formatted message body is provided in the following: 
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<?xml version="1.0" encoding="UTF-8"?> 
 <presence xmlns="urn:ietf:params:xml:ns:pidf" 
   xmlns:gp="urn:ietf:params:xml:ns:pidf:geopriv10"  
   xmlns:gml="urn:opengis:specification:gml:schema- xsd:feature:v3.0" 
   xmlns:myex=”http://www.ee.oulu.fi/~oht/XMLSchema  
   entity="sip:2@212.50.147.120"> 
  <!-- 1st tuple: location information --> 
  <tuple id="sg89ae"> 
   <status> 
    <gp:geopriv> 
      <gp:location-info> 
        <gml:location> 
          <gml:Point gml:id="point1" srsName="epsg: 4326"> 
            <gml:coordinates>37:46:30N 122:25:10W</ gml:coordinates> 
          </gml:Point> 
         </gml:location> 
      </gp:location-info> 
      <gp:usage-rules> 
        <gp:retransmission-allowed>no</gp:retransmi ssion-allowed> 
        <gp:retention-expiry>2007-01-18T21:57:29Z 

</gp:retention-expiry> 
      </gp:usage-rules> 
    </gp:geopriv> 
   </status> 
   <timestamp>2007-01-18T20:57:29Z</timestamp> 
  </tuple> 
 
  <!-- 2nd tuple: presence information --> 
  <tuple id="sg89af"> 
   <status> 
    <basic>open</basic> 
    <myex:im>training</myex:im> 
    <note></note> 
   </status> 
   <contact priority="0.8">tel:+09012345678</contac t> 
  </tuple> 
 
  <!-- 3rd tuple: biometric and spatial information  --> 
  <tuple id="sg89b0"> 
   <status> 
    <myex:heart-rate>100</myex:heart-rate> 
    <myex:speed>1</myex:speed> 
    <myex:altitude>50</myex:altitude> 
    <myex:temperature>20</myex:temperature> 
   </status> 
   <timestamp>2007-01-18T20:57:29Z</timestamp> 
  </tuple> 
 
  <!-- 4th tuple: supported interactions --> 
  <tuple id="sg89b3"> 
   <status> 
    <myex:supported-interaction>FileSharing:Browse Files 

</myex:supported-interaction> 
    <myex:supported-interaction>NaviP2P:Send Messag e 

</myex:supported-interaction> 
    <myex:supported-interaction>RealTime:VoIP 

</myex: supported-interaction> 
   </status> 
  </tuple> 
</presence> 



 

 

43 

 
 

5.3.4. Providing Context to Applications 
 
The context information is provided for the applications through a context API. The 
API provides functions for requesting context. Some example functions are provided 
to show the characteristics of the context API. The following functions are for 
managing context: 

 
TInt RequestVisibilityChangeL(const CEntityList& aR emoteUsers) 
TInt GetContextDataL(TBool aContinuous) 
TInt StopGettingContextDataL() 
 

RequestVisibilityChange() is used for requesting for a visibility change, i.e. user 
wants the permission to access the context information of another user. If the 
visibility request is accepted, then context data may be obtained with 
GetContextDataL(). The parameter determines whether context data should be 
returned continuously or only once. After one application has requested the context 
and the context information begins to flow, all the applications on top of the mobile 
phone’s PnPAP may use the received context information. Getting context may be 
stopped with StopGettingContextDataL(). The responses for the functions are 
asynchronous, therefore, there are the following callbacks defined for incoming 
events: 

 
void VisibilityUpdateL(CUser* aUser) 
void ContextDataChangedL(CEntityList* aEntityList) 

 
VisibilityUpdate() notifies the application that the other user has accepted the 

request for the visibility change. The context data are updated by 
ContextDataChangedL(). Parameter aEntityList contains entities (users) whose 
context data have been updated. PnPAP presents context information as a 
CContextData object. Thus, each entity in the aEntityList contains CContextData 
object, which encapsulates CContextItem objects. CContextItem is the parent class 
for classes such as CContextLocation, CContextPresence, CContextHeartRate, 
CContextTime, CContextSpeed, CContextAltitude, and 
CContextSupportedInteraction. The encapsulated information in these classes can be 
easily deduced from their names. 
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6. MOBILE CONTEXT-AWARE PEER-TO-PEER 
NAVIGATION APPLICATION 

 
Use of navigation applications is emerging. This viewpoint was seen as an excellent 
and tempting basis to demonstrate the feasibility of both peer-to-peer group aspects 
and application supernetworking. A new prototype application, NaviP2P, was born. 
First, NaviP2P provides limited functions compared with what a commercial 
navigation application, such as TomTom, Navicore, and Wayfinder, has to offer. In 
the same way as its commercial cousins, it uses a GPS device to obtain coordinates. 
Using the coordinates and the publicly available maps of city of Oulu1, NaviP2P is 
able to do what every navigation application does, i.e. to present the location of the 
user on the map. 

Second, NaviP2P possesses a feature that is not present in most of the present-day 
commercial navigation applications. It is the ability to display and track the 
movement of other users, i.e. the members of the peer group, on the map. For this 
purpose, the user of NaviP2P may join a peer group for community functions. If the 
user wants to see the location (or in fact any context information) of other user, the 
other user has to approve a request for the information before it can be obtained. 
Some commercial applications, such as Meetro [21], can also display location. It 
combines features of instant messengers with social networks together with location. 
Nearby friends’ location can be seen and instant messages sent. However, their 
functions are limited to few context types, namely presence and location. 

Third, NaviP2P is a basis for inter-application session start-up thus realising the 
concept of a supersession. NaviP2P offers a possibility to interact with members of a 
group in various ways, ranging from mobile peer-to-peer file sharing to Internet 
telephony. 

It can be claimed that NaviP2P acts as a user interface for group-based 
interactions. The following provides detailed description of the use cases in section 
6.1, requirements specification in section 6.2, and design in section 6.3. Design 
consists of system architecture description, application architecture, software design, 
and sequence descriptions. The system is evaluated in the next chapter.  

 
 

6.1. Use Cases 
 
For capturing the functional system requirements, use cases of NaviP2P were 
discovered.  A use case diagram based on Unified Modelling Language (UML) is 
presented in Figure 9. There are four separate use cases. The first use case, “Manage 
Peer Groups”, is for supporting the other use cases. It includes joining a peer group. 
The second use case, “Display My Location on Map”, is a basic navigation 
application function. This use case does not require other users to be present in the 
group, whereas the next use cases do. The third use case, “Track Other User”, brings 
forth the community aspects of the application. The fourth use case, “Start 
Interaction”, extends the community aspects further by allowing the user to interact 
with another user by launching a supersession. 
 

                                                 
1 Karttatie – Oulu region map service, URL: http://kartta.ouka.fi.  
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Figure 9. Use case diagram of NaviP2P. 
 

 
6.1.1. Manage Peer Groups 

 
Brief description: User A can join a private or public peer group with a specified 
name.  
 
Basic flow: User A chooses a manage peer groups view. She chooses either a private 
or public peer group, and enters the name of the peer group and password if required. 
User A joins the peer group and is notified when the joining process completes {1}. 
 
Alternative flow {1}:  The selected peer group does not exist or is, for some reason, 
unreachable. The user is notified of unsuccessful joining process. 
 
Pre-conditions: User A has logged in. 
 
Post-conditions: User A has joined a peer group. 
 
 

6.1.2. Display My Location on Map 
 
Brief description: User A locates himself using location information and maps. She 
is able to use basic navigation functionality. 
 
Basic flow: User A chooses a map view. Using the available location information 
{1}, a corresponding map is displayed {2}. User A may scroll the map or zoom in 
and out. These actions lead to a corresponding view of the map to be displayed. 
 
Alternative flow {1}:  Valid location information is unavailable. This causes a 
default location to be used. If valid location information becomes available at any 
time, it will be used instead of the default location. 
 
Alternative flow {2}:  Maps are unavailable. User A is displayed an error message. If 
a map becomes available, it will be displayed. 
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Pre-conditions: User A has logged in. 
 
Post-conditions: User A sees his location on the map. 
 
 

6.1.3. Track Other User 
 
Brief description: User A wants to see user B’s context information, including 
location. User B has to consent to giving out his context information. 
 
Basic flow: User A selects user B in the user list {1}. User A selects action “Track 
user”. User B is asked to accept the request for context sent by user A. User B 
accepts the request {2}. User A gets the context information of user B continuously 
from this point on. User A sees the context information of user B, e.g. location on the 
map {3}. User A is able to scroll the map, and she can see the location of user B 
even if she is not in the same place as user A. 
 
Alternative flow {1}:  There are no other users in the user list. The list is updated if 
any other user joins the peer group.  
 
Alternative flow {2}:  User B declines the request for context. User A is notified of 
the negative answer. 
 
Alternative flow {3}:  User B leaves the peer group. Context information is not up-
to-date anymore. Displaying context information of user B to user A ends. 
 
Pre-conditions: User A has logged in and joined a peer group. The user is able to 
see a map. 
 
Post-conditions: User A sees the location of user B on the map accompanied with 
his presence information. 
 
 

6.1.4. Start Interaction 
 
Brief description: User A is able to start interaction, i.e. a supersession, with user B. 
The type of interaction may be, e.g. “Browse files”, “VoIP call”, or “Follow 
training”. The Map view is used as a user interface for group-based context-aware 
interactions. 
 
Basic flow: User A selects user B in the user list {1}. Then, user A selects the 
preferred type of interaction {2}. A new application session, corresponding to the 
interaction type, starts. If needed, the views of both users change according to the 
new session. 
 
Alternative flow {1}:  There are no other users in the user list. The list is updated if 
any other user joins the peer group.  
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Alternative flow {2}:  Either user A or user B does not have the application needed 
for this type of interaction installed. If user A does not have the application installed, 
the interaction type is not displayed to user A. If user B does not have the application 
needed, this is indicated to user A. 
 
Pre-conditions: User A has logged in and joined a peer group. 
 
Post-conditions: The views of both users have changed if the nature of interaction 
requires it. 
 
 

6.2. Requirements Specification 
 
NaviP2P has to be able to qualify for user testing. It shall be able to demonstrate the 
ideas of community-based context-aware user interface and supersessions. This 
causes some requirements on the quality of the application. NaviP2P should be able 
to operate for an hour under full stress in user testing (other users tracked; see 
functional analysis in chapter 7). Usability requires that the user should to be able to 
view his location in less than ten key presses (user name input not included), and 
track other user or start interaction with less than ten additional key presses. 
Performance requirement is that the map retrieval should not take more than five 
seconds with a GPRS connection (see functional analysis). 

Use case “Manage Peer Groups” sets the following requirements: (1) the user 
should be able to select a public or private peer group (2) to give the name of the 
peer group and also the password for the peer group if needed (3) to join the 
specified peer group. The user should also be notified of the success of the joining 
process. 

Use case “Display My Location” requires NaviP2P to display user location on the 
map. NaviP2P should obtain location information. NaviP2P should also obtain map 
data according to the location information. If there is a need for conversion between 
coordinate systems, NaviP2P should be able to handle the conversion. If location 
information is not available, default location should be used. If map information is 
not available, an error message should be displayed for the user.  

Use case “Track Other User” requires NaviP2P to be able to display context 
information of user B. NaviP2P should provide user A with a user list. User A should 
be able to select user B from the list. User A should be able to track user B. NaviP2P 
should send a request for context to user B. User B should be able to either accept or 
decline the request. If the request for context is accepted, NaviP2P of user A should 
display user B on the map accompanied with presence information (in textual 
format). Context data of user B should be continuously transferred to the user as long 
as both users stay online in the peer group. On the other hand, if the request is 
declined, NaviP2P should notify user A. 

Use case “Start Interaction” places the following requirements on NaviP2P: 
NaviP2P should provide commands for user A to be able to start a new application 
session with the selected user in the user list if both users have the needed application 
installed. 

The environment has two components that have significant impact on NaviP2P. 
First, NaviP2P has to be built on top of PnPAP middleware (presented in chapter 5) 
and use its API to get both local, user A’s, and remote, user B’s, context information. 
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This forces the platform selection to a mobile phone with Series 60 Second Edition 
Feature Pack 2 and the programming language to Symbian C++. Second, the maps 
are not stored locally on the phone memory but are fetched from a public web server 
using HTTP requests.  
 
 

6.3. Design 
 

6.3.1. System Architecture 
 
As mentioned in the previous section, NaviP2P is constrained to work on top of 
PnPAP platform and to use maps from a web based map server. The system 
architecture is presented in Figure 10. The current location acquisition method, an 
external GPS device, is described in the implementation, although it is not directly 
connected to NaviP2P. In fact, the location acquisition method could be based on any 
method as long as it is available to NaviP2P through PnPAP API. 

PnPAP handles context information retrieval both from the local sensors (GPS 
device) and from peer-to-peer network. Both local and remote context data is 
delivered to NaviP2P. Context information and P2P networking functions are seen 
common to many applications, therefore these are provided by PnPAP. However, 
map data is considered to be application-specific thus the decision of how to obtain it 
is left for the application, in this case, NaviP2P. The current solution is to fetch maps 
from a map server, but as an alternative solution, they might be stored on the local 
phone memory. Finally, NaviP2P is an interchangeable part in the system. Any 
application capable of using PnPAP API may replace NaviP2P. 

 
 

 
 

Figure 10.  NaviP2P system architecture. 
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6.3.2. Application Architecture 
 
NaviP2P conforms to Model-View-Controller (MVC) design pattern. In this pattern, 
the data (Model) is separated from the user interface (View). Controller is the 
component controlling the interaction between the Model and the View. Figure 11 
represents this MVC-based NaviP2P application architecture. There is one model and 
one controller but multiple views on the same data. In addition to the Model, the 
Controller and the Views, a Coordinate Transformer is needed to convert GPS 
coordinates in NMEA format into the Finnish coordinate system format required by 
the map server.  

In the figure, external interfaces to the web-based map server and PnPAP are 
shown. NaviP2P connects to the map server using GPRS connection. The 
communication takes place by passing the coordinates to the map server in an HTTP 
GET message. As a result, a raster graphics file in Graphics Interchange Format 
(GIF) is returned, representing the map in the specified coordinates. The other 
interface to PnPAP is for communicating with other users in the peer-to-peer 
network and getting both local and remote context, mainly location and presence. 
 
 

 
 

Figure 11.  NaviP2P application architecture. 
 
 

6.3.3. Software Design 
 
Software design discusses the application components presented above in more 
detail. First, class model describes the classes conforming to the MVC design 
pattern. Second, since NaviP2P is seen as a graphical user interface to group-based 
functions, it is necessary to describe the user interface in a detailed manner.  
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Class model 
 
The class structure of NaviP2P is presented in Figure 12. Being a Symbian 
application, NaviP2P has the framework-specific class CNavigationApplication, 
which acts as a start-up class and constructs the next framework-specific class 
CNavigationDocument, which in turn creates CNavigationAppUi. According to the 
principles of MVC design pattern, CNavigationAppUi is the Controller class. It 
creates the other parts of the MVC, namely the Model and the Views. 

The Model, CNavigationEngine, is created to take responsibility for 
communication with the underlying PnPAP API. To enable asynchronous 
communication, i.e. to be capable of being called back asynchronously from PnPAP, 
CNavigationEng implements MPnPAPAppInterface. Similarly, CNavigationAppUi 
implements MNavigationEngObserver interface to enable callbacks from 
CNavigationEng.  

The Views, which are the classes with prefix CNavigationView, e.g. 
CNavigationViewMap, take care of presenting the data for the user and allowing user 
input to be passed on to the Model. The different Views use classes with prefix 
CNavigationContainer, e.g. CNavigationContainerMap, to draw the desired content 
on the screen. As a view activates, i.e. the view is selected, the corresponding 
Container class is created. As the view deactivates, that is, another view is selected, 
the corresponding Container class is destroyed. The Views, however, remain existent 
as long as the application is running. 
 
 

 
 

Figure 12.  NaviP2P class diagram. 
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CNavigationViewLogin is the first class activated on the application start-up. It 
queries the user for his user name and password. CNavigationViewMain represents 
the main menu of the application. It presents the different menu items in 
CNavigationSettingListListBox, in which CNavigationSettingListItemData presents 
one option. These classes are also used by CNavigationViewManagePeerGroups and 
CNavigationUserList to represent peer group options and user list, respectively. 
CNavigationViewManagePeerGroups takes care of joining a peer group with 
appropriate parameters according to whether it is public or private. 
CNavigationUserListView manages displaying the list of users after a successful 
login. Finally, CNavigationViewMap displays the map and users residing in different 
locations.  

A class with prefix C refers to the fact that memory is dynamically reserved. A 
class with prefix T means that in this class there is no dynamic reservation of 
memory. A class with prefix M denotes an interface. There are two interfaces, 
MNavigationEngObserver for CNavigationAppUi and MPnPAPAppInterface for 
CNavigationEng. Most of the almost twenty classes are prefixed with C and thus 
reside in dynamically allocated memory at run-time. 

The only T-class, TCoordinateTransformer, takes care of converting the 
coordinates from World Geodetic System 1984 (WGS84) format, which is the 
coordinate format of the GPS system, to kartastokoordinaattijärjestelmä (KKJ) 
format, which is the coordinate system used in Finland. The conversion is needed 
since the maps on the map server are based on KKJ format. The details of the 
conversion are available in Aittola’s Master’s thesis [49]. 

 
Graphical user interface 
 
Since NaviP2P is described as a user interface for group-based interactions, it is 
justifiable to describe the user interface in detail. The state diagram of the user 
interface is presented in Figure 13. The Settings View is greyed as the menu option 
exists but the functionality behind the option is not implemented. 
 
 

 
 

Figure 13.  State diagram of user interface. 
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First, the user is displayed the Login View. After a successful login, the Main 
View is displayed. From the Main View, the user may select the Manage Peer 
Groups View, the Map View, or exit the application causing the Exit Confirmation 
Dialogue to be displayed. It should be noted that the Manage Peer Groups View is 
usually the most reasonable alternative, since without joining the peer group, 
community functionality remains disabled. Thus, if the user has joined a peer group, 
she can see other users in the Map View and see the peer group user listing in the 
User List View. Using the Message Input Dialogue, the user may send instant 
messages to other users who belong to the same peer group. 

The looks of the views are presented in Figure 14 and Figure 15. Figure 14 
contains the basic views for logging in the peer group, main menu, and managing 
peer groups. After the actions in these views, the user should be able to use the 
advanced context-aware and group-based functions of NaviP2P.  
 

 
 

Figure 14.  Basic views: a) Login View, b) Main View, c) Manage Peer Groups 
View. 

 
Figure 15, in turn, contains the advanced views for displaying the map with other 

users on it and the actual user list for commencing group-based actions as well as 
supersessions. 
 
          Map View       User List View 

    
 

Figure 15.  Peer group views: a) Map View, b) User List View. 
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6.3.4. Sequence Descriptions 
 
The previous sections described the static modelling and the user interface of 
NaviP2P. This section describes the behaviour of the whole system, including two 
mobile phones equipped with PnPAP middleware and applications. It should be 
noted, however, that only the initiating user in the sequence has to have NaviP2P 
installed. It depends on the case what applications user B needs to have installed. The 
following sequence descriptions do not go into middleware or application level 
details but merely outline the behaviour of the system. 

The first sequence describes overview of the behaviour of “Track user” 
functionality. As mentioned, the initiating user (A) has to have NaviP2P installed but 
it suffices that the other user (B) has some application running on top of PnPAP. In 
this sequence, user B also possesses NaviP2P. The PnPAP of user A has 
communicated the user list to NaviP2P beforehand to allow user A to select user B 
and track his context information. In Figure 16, the sequence starts by User A 
selecting “Track user”. This launches a chain containing requests for a visibility 
change. The requests are forwarded from user A’s NaviP2P to user A’s PnPAP, all 
the way over the network to user B PnPAP. Finally, user B’s PnPAP forwards the 
request to the application running on top of it. User B accepts the request. After 
receiving the acceptance for the request, user A’s PnPAP requests for context of user 
B. User B’s PnPAP starts sending context information to the user A’s PnPAP, which 
forwards it to the application. Context information flows until one of the users leaves 
the network, user A sends a message ordering to stop the context information 
transmission, or user B stops updating the information. 

 
 

 
 

Figure 16.  “Track user” sequence description. 
 

The second sequence in Figure 17 presents the behaviour of starting an interaction. 
In this case, NaviP2P is used as an interface to start VoIP call between two users, but 
the sequence can be generalised to encompass other types of interaction as well. 
First, NaviP2P starts RealTime locally. After that, the request for interaction is 
passed on via the local and remote PnPAPs to user B who then accepts the request. 
RealTime is started on user B’s device as well. The accept notification travels back 
to user A’s RealTime. A session is set up between the local and remote RealTime. 
Voice is transferred over IP until the session ends (not presented in the figure).  
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Figure 17.  Sequence description of a supersession. 
 

Context data about supported interactions may be used to modify the action menu 
of NaviP2P. In Figure 18, the “Action” menu has submenu options “Send message”, 
“Browser files?”, and “VoIP?”. The question mark in the end of the two latter 
options denotes that the local, user A’s PnPAP supports these interactions but that 
the remote, user B’s PnPAP does not. Based on this information, user A may decide 
that she does not want to initiate a VoIP call, since user B does not have VoIP 
application installed.  

 

 
 

Figure 18.  User interface modified according to context data about supported 
interactions. 

 
If user A would still like to initiate a VoIP conversation, Agile Content Push 

Control [47] might be used to push the missing application to user B. On an 
incoming session request, ACPC detects that the VoIP application is not installed and 
suggests its installation to user B. Digital rights management is integrated in the 
system promoting ease-of-use as user B only has to accept or decline the session 
request. Thus, the inexistence of remote application does not totally prevent session 
start-up, only slightly slows it down, since the application has to be downloaded and 
installed on the remote device.  

Two types of context-aware feature categorisations by Dey and al. [7] are covered 
in NaviP2P. First, context information is presented to user. Second, service is 
provided without user interaction when the menu is dynamically configured 
according to the interactions available on both users. The third feature, tagging 
context, is not present in the system. 
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7. EVALUATION 
 
This chapter provides evaluation on NaviP2P. At the same time, it is also an 
evaluation of PnPAP, as NaviP2P uses the functions provided by the middleware. 
The evaluation is divided into quantitative analysis, consisting of functional testing 
and latency analysis, and into qualitative analysis, comprising of user testing.  
 
 

7.1. Functional Testing 
 
The functional tests are mapped to corresponding use cases so that all the use cases 
are covered. The last test is not mapped to any use case since it satisfies a quality 
requirement. Execution is described from the viewpoint of the user. In the end of 
each test, result of the execution is provided. 
 
 

7.1.1. Contact List  
 
Use Case: Manage Peer Groups.  
 
Execution: User A joins a peer group. As a result, DC++ hub is joined. Peer group 
members can be seen in the User List View. 

 
Result: The test was successful. 
 
 

7.1.2. Context Transfer from PnPAP to NaviP2P 
 
Use Case: Display My Location on Map.  
 
Execution: User A selects the Map View. His location is displayed on the map. If 
valid location information is available, user A can be seen in the correct position on 
the map of city of Oulu. 
 
Result: The test was successful. 
 
 

7.1.3. Delay of Displaying a New Map 
 
Use Case: Display My Location on Map.  
 
Execution: User A selects the Map View. If the user takes an action requiring a new 
map fetch, e.g. scrolling or zooming, fetching a new map from the map server and 
displaying it should not take more than five seconds. There were 30 test runs.  
 
Result: The test was successful. 
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7.1.4. Context Transfer between Two PnPAP Nodes 
 
Use Case: Track Other User.  
 
Precondition: User A and at least one other user have joined a peer group 
successfully.  
 
Execution: User A selects user B in the User List View. User A selects action 
“Track user”. User A selects map view. If user B accepted the request to be tracked, 
user A can see location and presence text of user B. 
 
Result: The test was successful. 
 
 

7.1.5. Supported Interaction Discovery 
 
Use Case: Start Interaction. 
 
Precondition: Context information flows between user A’s PnPAP and user B’s 
PnPAP.  
 
Execution: User A selects user B in the User List View or in the Map View. The 
user selects an actions menu. User A is indicated both locally enabled interactions as 
well as if the interactions are enabled on User B. 
 
Result: The test was successful. 
 
 

7.1.6. Supported Interaction Session 
 
Use Case: Start Interaction. 
 
Precondition: Context information flows between user A’s PnPAP and user B’s 
PnPAP.  
 
Execution: User A selects user B in the User List View or in the Map View. User A 
selects an actions menu. As user A selects one of the actions, an appropriate session 
is started and views changed accordingly. It is enough that one application session, in 
this case, VoIP, can be started successfully. Views are changed both on local, user 
A’s, and remote, user B’s, mobile device. Voice over IP starts to flow between the 
two mobile devices. 
 
Result: The test was successful. 
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7.1.7. Scalability 
 
Precondition: Context information flows between user A’s PnPAP and user B’s 
PnPAP.  

 
Execution: Reliable action, i.e. context information is transferred between nodes, 
was achieved with a limited number of nodes (three). The amount of mobile devices 
available restricted the tests. It is expected that the low speed of GPRS connections 
combined with continuous packet transfer soon create an upper limit to the number 
of devices in the context distribution network. There were five test runs, each of 
which consisted of three nodes exchanging context information with each other. 
Each test run lasted for an hour.  

 
Result: The test was successful with a limited number of nodes (three nodes). 
 
 

7.2. Delay Analysis 
 
This section focuses on evaluating NaviP2P in a quantitative manner, namely delay 
analysis. First, the previously published results are briefly described. Second, new 
tests present measurements on the latencies of context data exchange. The test 
execution is described and the results discussed. 
 
 

7.2.1. Previous Work 
 
A preliminary NaviP2P delay analysis and discussion on different map storage 
solutions is provided by Ohtonen et al. [45]. In the paper, the delay of the following 
sequence is analysed: user starts the application, enters his user name and password, 
joins a peer group and selects the map view. The mobile phone and GPS device were 
assumed to be up and running and the software installed before the sequence. As a 
result, technical delay is approximately 17.4 seconds, which mainly consists of 
GPRS latencies in joining the peer group and downloading a map. User interaction 
delay is approximately 11 seconds, consisting mainly of entering user name and 
password in the login screen. The following conclusion was drawn: stating that faster 
connections (e.g. WLAN), reduced map size or maps stored on local mobile phone 
memory would reduce the technical delay and improve user experience, whereas the 
system remembering user name and password would reduce the user interaction 
delay dramatically after the initial login. The shortcoming of the preliminary delay 
analysis is that it does not encompass the delays of supersessions or context 
distribution -  or any other group-based action besides joining the peer group. These 
shortcomings are corrected by Kassinen, providing delay analysis of a supersession 
[50], and the author, focusing on the delays in context distribution in the following. 
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7.2.2. Test Execution 
 
The test measures the delays of context distribution, including node A requesting for 
visibility change, node B accepting the request, node A requesting for context 
information, and finally, node B delivering it. The test sequence begins from the state 
to which the previous work left the application, i.e. the peer group has been joined 
and a map has been displayed. The sequence is described and explained in detail in 
the previous chapter, in Figure 16. 

The test setting is quite similar to the one in the previously published work. There 
are two Symbian Series 60 phones (Nokia 6630) with PnPAP and NaviP2P installed. 
The SIP messages are routed via SIP Express Router in cellular network (GPRS). 
Both phones are equipped with SIM cards with public IP addresses so that direct 
connection between the phones is possible. DC++ hub is used as a contact list for the 
users in a peer group.  

The delays, originating from various components of the architecture, were 
obtained by repeating the test sequence twenty times during one testing period and 
calculating the average. The test failed once but the reason was found in measuring 
the delay, not in the sequence itself, the sequence completed successfully. The total 
delay between the different test runs, including both user interaction and technical 
delays, varied from 7.93 seconds to 10.69 seconds, mainly caused by the variation in 
the user interaction delay. The results are summarised in Table 2. As the signalling 
protocol is SIP, every message is acknowledged by an OK message. This feature was 
used to calculate round trip times (RTT). The measurement of one-way delay was 
not possible since the clocks on mobile phones were not synchronised. Thus, the 
values in the table present the round trip times. However, from the total delay, the 
delays of OK packets can be subtracted, getting the actual technical delay. This result 
is marked on the last line of the table. As a consequence, the sum of technical delays 
with RTTs is not equal to the total technical delay. Therefore, the total delay 
describes the delay from user selecting the “Request for context” command to the 
context information of user B displaying on the screen. The grand total, including 
both user interaction and technical delays, is slightly over nine seconds (9.09 
seconds). 
 

Table 2. Delay measurement results 
 

Action User 
interaction 
delay (s) 

Technical 
delay (s) 

A selects “Request for context”, the command is processed and 
request for visibility change is sent to B 

~1 0.11 

“Visibility change” packet is transferred from A to B  2.44 
B processed the packet and asks the user to accept the request ~1.3 0.17 
Accept command is processed and a packet is sent back to A  0.13 
“Accept” packet is transferred from B to A  1.80 
A processes the packet and sends a request for a context packet  0.27 
“Request for a context” packet is transferred from A to B  1.59 
The request is processed and a context packet is sent back  0.31 
The context packet is transferred from B to A  2.36 
A processes the context packet and displays data for the user  1.33 
Total ~2.3 6.79 
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The context packet transfer delay is continuous, since it occurs every time a 
context packet is transferred from B to A. In addition, A has to process the context 
packet and display the context information for the user according to the view. The 
view used in the measurement was always the map view. However, the delay could 
be slightly reduced if only, e.g. presence text, was viewed instead of computation 
demanding operation of displaying user location on the map. 

 
 

7.2.3. Analysis 
 
The delays are divided to user interaction and technical delay. The user interaction 
delay is approximately 2.3 seconds. Dissecting the technical delay, there can be seen 
two subsets: network delay and processing delay. Network delay is 8.20 seconds 
consisting of transferring the packets. If the delay of OK packets is subtracted from 
this, we get 4.48 seconds. The processing delay is 2.31 seconds consisting of 
processing the packets and enabling user interaction. Figure 19 presents this division: 
network delay constitutes half of the total, and the other half is divided equally 
between the processing delay and the user interaction delay. Somewhat surprisingly, 
the portion of network delay caused by the slow GPRS connection is not more than a 
half of the total. Besides, the author became skilled in pressing the buttons during the 
test, meaning that the user interaction delay is near the best case scenario. 
 

User interaction

Processing

Network

 
Figure 19.  Division of delays in context distribution. 

 
 The high delay on the first packet, “Visibility change” (2.44 seconds RTT), may 
be due to the fact that, on its way in the network, the packet causes routers to be 
configured. Thus, the consequent packets can be transferred faster. Transferring a 
context packet is more stressing on the network (2.36 seconds RTT) than transferring 
“Visibility change”, “Accept” (1.80 seconds RTT), or “Request context” (1.59 
seconds RTT). However, transferring XML does not imply a significant increase in 
delay, even if the difference in the size of the payload is of the order of one 
magnitude: in “Visibility change”, the size is about fifty bytes, whereas in actual 
context information transfer, the size is about 1.5 kilobytes. In addition to increased 
transmission delay, packet processing and parsing is computation-intensive and 
therefore also time-consuming. The impact of the parsing to the system could not be 
precisely measured, since only a simple parser was implemented. There were no 
security measures either, e.g. packet encryption, taken, thus preventing 
measurements on the impact of security aspects.  

The previous work showed that displaying the map takes 28.4 seconds, consisting 
of 17.4 seconds of technical delay and approximately 11 seconds of user interaction 
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delay. Combined with the results above, it takes almost 40 seconds before the user 
can see the location and other context information of the selected peer. Additionally, 
in real life, user interaction delays would probably be greater. For example, if the 
user did not immediately notice the request for context, then the delay of accepting 
the request could be minutes, even hours. This is a long wait. However, in 
consecutive sequences, the delay may be reduced by allowing the system to 
remember user name and password and avoiding need for requesting for visibility 
change and accepting the request. In addition, it may be set in a peer group that 
context distribution within the group is always allowed, thus, removing the initial 
request for visibility change. It may be concluded that at least in this limited test 
setup, improving the speed of user interaction is almost as important as improving 
the bandwidth of connection. 

Most of the networking in a context distribution system is transferring the actual 
context packets. Before using PIDF, context distribution was implemented using a 
binary format, in which location, presence, heart, rate, altitude, speed, time, and 
supported interactions were compressed in 335 bytes. The format was somewhat 
extensible but had zero interoperability with other systems. Comparison with the 
binary format reveals that the PIDF implementation requires a substantially greater 
amount of bandwidth. The differences between the packet sizes of a binary and a 
PIDF formatted context packet are presented in Table 3. The size of a PIDF packet, 
including IPv4 (IP version 4), UDP, and SIP headers, is 1929 bytes, whereas a packet 
with the message body in binary format is only 680 bytes. The difference is almost 
three-fold. The division between the overhead of IPv4, UDP, and SIP headers, and 
the actual message bodies is illustrated in Figure 20. As seen, the difference between 
the binary and PIDF message bodies is almost five-fold. 
 

Table 3. Context packet sizes for different message formats (bytes) 
 

 Message Body SIP UDP IPv4 Total 
Binary format 335 317 8 20 680 
PIDF 1583 318 8 20 1929 
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Figure 20.  Message format overhead comparison (bytes). 

 
When the binary format is used, the overhead of different headers is about 51 % 

(345 bytes per 680 bytes) of the total packet size. Using PIDF format, the portion of 
the overhead is about 18 % (346 bytes per 1929 bytes). In both cases, SIP headers 
constitute about 92 % (317 bytes per 345 bytes) of the overhead. Thus, using SIP 
produces a significant amount of overhead. If binary format were used instead of 
PIDF, and the binary payload alone would be carried in the UDP body, thus avoiding 
SIP overhead, the packet size would be only 363 (20+8+335) bytes. This would 
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create a substantial reduction from the 1929 bytes of a PIDF formatted packet with 
SIP headers. In conclusion, in mobile environment, slow connections may require 
other solutions for distributing context information at the expense of interoperability. 
 Obviously, GPRS connection chokes if the number of users distributing context 
information in a peer-to-peer fashion rises. This could be alleviated by introducing 
faster connections such as WLAN. However, a better alternative is to reduce the 
amount of data being transferred, since processing data drains the precious battery 
life of a mobile device. Presence server is one alternative for reducing the traffic. 
Furthermore, only significant changes in the context information could be updated, 
and only when the changes occur, not periodically as in the current implementation. 
Despite its deficiencies, the context distribution features of PnPAP were sufficient to 
support user testing, which is discussed in the following section.  

As for the economical aspect, context data distribution does not suit the pricing 
models with traffic-based fees. The pricing has to become flat-rate with a fixed 
monthly fee. However, this puts the network under stress if context updates are 
continuous and the service gains popularity. 
 
 

7.3. User Testing 
 
Qualitative analysis of NaviP2P is provided in this section. NaviP2P development 
was in a mature phase, therefore, it was exposed to the public eye in the form of user 
testing. During the same testing period, also a mobile exercise application, Wellness, 
for keeping record of personal and community training programs and development, 
was tested. The first aim of the user testing was to find out the user experience on the 
applications. For this part, Wellness is out of the scope of this thesis. The second aim 
was to find out the feasibility of supersessions, using NaviP2P to start a Wellness 
session. The third aim, also out of the scope of this thesis, was to find out users 
expectations about new mobile services and the market potential for these 
applications, for creating market scenarios for peer-to-peer networking and mobile 
middleware. The testing provided material for three theses. 

 
 

7.3.1. Realisation 
 
The testing took place from July to October of 2006. The equipment given for the 
users included a Symbian Series 60 mobile phone (Nokia 6630 or 6680) for the 
applications and a sports computer (FRWD F-500) with sensors for retrieving heart 
rate and GPS location data among others. As the nature of the applications insisted, 
especially the sports-centred Wellness, users had to perform testing outdoors during 
their normal sports activities. Therefore, the users were given the testing equipment 
for a week to get hands-on experience on the applications. The number of the test 
users in one group was limited to three due to the limited amount of equipment. 
These facts, the long testing period and poor availability of testing equipment, 
limited also the total number of users and therefore the sample for statistical analysis 
remained small-sized.  

The query form consisted of eleven sheets, including an introduction sheet, two 
sheets for background information, two sheets for each of the applications, and four 
sheets for a business part. There was an introduction session where the organisers of 
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the testing introduced the applications for the testing group. A number of tasks had to 
be completed to show the capabilities of applications. NaviP2P introduction sheet is 
provided in Appendix 2. After the testing period of a week, the users filled in the 
second sheet, provided in Appendix 3. Based on the answers on both sheets, the 
usability and other attributes of NaviP2P were analysed. 

In designing the questions, Nielsen’s model of the attributes of system 
acceptability presented in Figure 21 was considered. System acceptability consists of 
social acceptability and practical acceptability. Questions about privacy issues cover 
social acceptability of the application. Practical acceptability divides into groups of 
reliability, cost, compatibility, usefulness, etc. Compatibility means relation to old 
systems, but in this case, there was no “old system”, therefore compatibility is not an 
issue. Usefulness (whether the system can be used to achieve some desired goal) is 
polarised into utility (can the system in principle do what is needed) and usability 
(can the system in reality do what is needed). Finally, the usability of the system is 
broken down into five categories: easy to learn, efficient to use, easy to remember, 
few errors, and subjectively pleasing. [51] 

 

 
 

Figure 21.  Model of the attributes of system acceptability. 
 
The questions for the users aimed at covering the aspects of the model of system 

acceptability. The focus was on usefulness of the applications. However, some 
questions also covered social acceptability, cost, and reliability. Cost was hard to 
estimate as the users did not have to pay anything for the use of applications. In 
reality, the cost would include both the initial cost of devices and software purchase 
and the continuous cost of using the system in the form of service and data transfer 
fees. Reliability was expected to turn out to be an issue as the applications were 
prototypes.  

 
 

7.3.2. Analysis of the Results 
 

The results of the query were analysed anonymously. However, a link between the 
different answer sheets of each user was preserved to enable comparing background 
information with the corresponding user experience. In addition, as expected, the 
sheets were incompletely filled in and sometimes the answers were even ambiguous. 
Ambiguity was resolved by interpreting the answer in the least favourable way for 
the application, e.g. if there were two options selected in a multiple choice question, 
the negative-toned one was assumed to be the user’s intended answer.  



 

 

63 

Respondents 
 
There were 15 participants in the testing, 3 female and 12 male. They represented 
ages between 20 and 40 years, and were interested in and actively going in for sports. 
Most of them had or were having an education of technical orientation or were 
involved in technology in their work. The number of users to answer to multiple 
choice questions varied from 12 to 15 (Appendix 4). There were two differentiating 
attributes seen in the background information: first, earlier experience of smart 
phones (eight experienced users and seven inexperienced users), and second, earlier 
experience of navigation applications (ten users with some experience and five users 
with no experience).   
 

Often

Sometimes

Rarely

Never

 

Sometimes

Rarely

Never

 
         a)                 b) 

 

Figure 22.  Respondents grouped based on: a) earlier experience of smart phones, 
b) earlier experience of navigation applications. 

 
Grouping based on usage of smart phones  
 
The users were grouped in two groups based on earlier experience of so-called 
“smart phones”. A smart phone was defined as a phone in which applications can be 
installed by the user and that is capable of supporting multiple simultaneously 
running applications. The assumption was that the familiarity with, e.g. Symbian 
environment, affects the user experience. In addition, advanced smart phone users 
have their earlier experiences on services running on, e.g. Symbian mobile devices, 
to compare with. Based on the facts mentioned, advanced smart phone users were 
predicted to have clearer and more realistic expectations on the usability of the 
service. 

Table 4 reveals that with experienced users the interest lies with the sharing of 
context information, where especially presence information (mean 4.00) was seen 
very important. Both user groups considered NaviP2P usability to be rather good; 
after all, both means on this specific question are more than 2.5. However, it is worth 
noticing that the map functions were found much easier to use among the experience 
users (mean 3.71) than among the inexperienced users (mean 2.83). In addition, there 
was a high standard deviation with the performance of map retrieval. Especially 
inexperienced users (s.d. 1.38) do not, presumably, have a clear conception of what 
is a sufficiently fast retrieval of map, since they do not possess earlier usage 
experiences.  
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Table 4. Grouping of respondents based on earlier smart phone experience 

 
Supersession, i.e. Wellness start-up from the map view, was highly appreciated 
among the high usage users. It is assumed that the concept of interacting applications 
was better adapted by the experienced users and possibly seen somewhat irrelevant 
or confusing by the inexperienced users. The most promising result was, nonetheless, 
that both the experienced (mean 1.50) and the inexperienced (mean 1.43) user groups 
did not mind sharing their location information to other users. It also became evident 
that the application functionality and user guidance require some improvements. 
  
Grouping based on usage of navigation applications 
 
The earlier experience of navigation applications (hardware or software, e.g. car 
navigation system or navigation software on mobile phone) was used as a second 
criterion for a user division. None of the users had used navigation applications 
often, and only one had used them sometimes. This is the reason for the first group to 
consist of the users with no earlier experience and the second group to consist of the 
users with at least some experience. As for the results, the earlier experience was 
expected to affect especially the usability of NaviP2P. On one hand, users with 
earlier experience on similar applications may adapt easily to the new environment. 
On the other hand, they may expect NaviP2P to offer the same functionality and 
quality as its commercial counter-parts. 

Table 5 shows that the users with earlier experience on navigation applications 
found map functions a great deal easier to use (mean 3.75) than the users with no 
earlier experience (mean 2.60). However, the users with earlier experience, 
supposedly comparing NaviP2P with other navigation applications, found logging in 
more cumbersome than the users with no earlier experience. There was a great 

 Previous usage of smart phones 
 High  usage Low usage  
 mean s.d. mean s.d. mean 

diff. 
Logging in was fast 3.38 0.74 3.86 0.38 -0.48 
Logging in was easy 2.88 0.99 3.43 0.53 -0.55 
Map functions were easy to use 3.71 0.49 2.83 0.75 0.88 
Key commands in the map view were logic  3.25 0.46 3.17 0.41 0.08 
Map retrieval from server was sufficiently fast 3.13 0.99 2.71 1.38 0.41 
Seeing context info of other user was useful 3.00 0.63 0.14 3.13 0.64 
Wellness start-up worked expectedly 2.43 1.13 0.77 3.00 0.82 
Wellness start-up was a useful function 2.71 0.49 0.69 2.86 0.90 
Need for session start-up with other applications 2.43 0.79 0.97 2.71 0.95 
Seeing location of other user was useful 3.43 0.53 3.29 0.95 0.14 
Seeing presence of other user was useful 4.00 0.00 2.86 0.38 1.14 
           
Application was stable 2.25 0.50 2.71 1.25 -0.46 
Application was sufficiently fast 2.75 0.50 2.57 0.53 0.18 
Application use was easy to learn 3.00 0.82 2.86 0.69 0.14 
Needed additional guidance during the use  2.25 0.96 2.43 0.98 -0.18 
Happy with the functionality of the application 2.25 0.50 2.57 0.79 -0.32 
Reluctant to let other users see my location 1.50 0.58 1.43 0.79 0.07 
Use for a fully developed version of application 1.50 1.00 2.86 0.90 -1.36 
Willing to pay for a fully developed version  1.25 0.50 2.14 1.07 -0.89 
Grade for the service 2.75 0.74 3.14 0.38 -0.39 
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deviation in how map retrieval latency was experienced, both among the users with 
some experience (s.d. 1.20) and the ones with no experience (s.d. 1.14). In other 
respects, in application use experience, there were no major differentiating factors. 
 

Table 5. Grouping of respondents based on earlier navigation experience 

 
Overall user experience 
 
The free-text feedback from the users confirmed the earlier perceptions from the 
multiple choice answers, i.e. the ideas of context-aware community networking and 
supersession were found useful and interesting, but the prototype stage flaws 
hindered the user experience. The users asked for an easier logging in (the system 
remembering login name and password). Also, the users found seeing context 
information (presence description, tracking movement) of other user useful if it was 
available. Often, however, there was only one user using the applications at a time, 
which prevented trying and experiencing the group-based actions. Some users 
tackled the problem by scheduling the use of applications to take place at the same 
time with the other users in the group. Most users were not worried about the 
privacy, although some users found distributing their context information without 
consent problematic. Thus, the system was mostly socially accepted [51]. 

It may be concluded that the fresh ideas improved the user experience, whereas the 
prototype defects lowered it. In other words, the system had better utility than 
usability [51]. The overall user grade for the service was satisfactory (3 on the scale 
from 1 to 5) being almost homogenous (s.d. 0.45). 
 
 

 Previous usage of navigation applications 
 Some  usage No usage  
 mean s.d. mean s.d. mean 

diff. 
Logging in was fast 3.40 0.70 4.00 0.00 -0.60 
Logging in was easy 2.90 0.88 3.60 0.55 -0.70 
Map functions were easy to use 3.75 0.46 2.60 0.55 1.15 
Key commands in the map view were logic  3.33 0.50 3.00 0.00 0.33 
Map retrieval from server was sufficiently fast 3.10 1.20 2.60 1.14 0.50 
Seeing context info of other user was useful 3.13 0.64 3.00 0.71 0.13 
Wellness start-up worked expectedly 3.00 0.82 2.40 1.14 0.60 
Wellness start-up was a useful function 2.86 0.90 3.20 0.45 -0.34 
Need for session start-up with other applications 2.71 0.95 3.00 1.00 -0.29 
Seeing location of other user was useful 3.22 0.67 3.60 0.89 -0.38 
Seeing presence of other user was useful 3.43 0.79 3.20 0.45 0.23 
           
Application was stable 2.33 0.82 2.80 1.30 -0.47 
Application was sufficiently fast 2.67 0.52 2.60 0.55 0.07 
Application use was easy to learn 3.00 0.63 2.80 0.84 0.20 
Needed additional guidance during the use  2.17 0.75 2.60 1.14 -0.43 
Happy with the functionality of the application 2.33 0.82 2.60 0.55 -0.27 
Reluctant to let other users see my location 1.50 0.55 1.40 0.89 0.10 
Use for a fully developed version of application 2.33 1.21 2.40 1.14 -0.07 
Willing to pay for a fully developed version  2.00 1.10 1.60 0.89 0.40 
Grade for the service 3.00 0.63 3.00 0.00 0.00 
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7.4. Conclusions 
 
This chapter encompassed testing NaviP2P in both quantitative and qualitative 
manner. The quantitative testing included functional testing and delay analysis, 
whereas the qualitative testing consisted of user testing. All the functional tests were 
passed. This was needed for both enabling delay analysis in context distribution and 
carrying out user testing. 
 Delay measurement revealed that the three quarters of the total delay in context 
distribution consists of technical delay (6.79 seconds) and one quarter of the user 
interaction delay (approximately 2.3 seconds). Furthermore, technical delay has two 
main components: first, network delay (4.48 seconds), constituting one half of the 
total delay and two thirds of the technical delay, second, processing delay (2.31 
seconds), constituting one fourth of the total delay and one third of the technical 
delay. Somewhat surprisingly, the slow GPRS connection was not the only 
bottleneck in the context distribution system but processing the packets and waiting 
the user to interact proved to stress the system and bring forth significant amounts of 
delay. A comparison between a binary and a PIDF formatted packet showed that a 
PIDF formatted message body and SIP headers produce a significant amount of 
overhead. In mobile environment, using more efficient methods for distributing 
context information may therefore be required at the expense of interoperability. 
 The delays of the system did not prevent conducting user testing successfully. The 
users familiarised themselves with the concepts of group-based context utilisation 
and supersession. Valuable information was gained on the utility and usability of 
these concepts. The concepts we found utilisable, although usability was hindered by 
the fact that the applications were in a prototype stage. 
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8. DISCUSSION AND FUTURE WORK 
 
This thesis has elaborated context-aware group-based interactions in mobile 
environment. It has demonstrated the benefits of using several context types, such as 
identity, location, presence, and supported interactions in promoting inter-application 
cooperation. The user testing proved the concept of supersessions feasible. The 
experience on this area may be used as a basis for future research. As mobile devices 
become more and more sensor-rich and their networking and processing capabilities 
improve, the development of commercial applications with similar features will also 
be possible.  

Related work on the field has outlined the difficulties in using context. The 
architecture of the Context Toolkit and the applications using the toolkit are versatile 
examples of how to refine and use context information. Java Context Awareness 
Framework introduced a context framework in mobile environment and evaluated its 
feasibility in hospital environment. The value of this thesis, compared with the 
related work, is discussing the relationship between group-based context and 
interactions. In addition, a different viewpoint -  a user aspect instead of a technical 
one -  was considered in the discussion on an incentive model for leveraging context-
aware services. The goal of the model is to induce people to reveal their personal 
context data by utilising a basic human need – reciprocity.  

Interoperability aspects were closely examined. The standardised Presence 
Information Data Format (PIDF) was considered as the most prominent solution for 
context information distribution. The intercommunication between nodes of the 
presented middleware, PnPAP, is designed to use PIDF. However, the system is not a 
PIDF implementation due to the absence of security measures. Nonetheless, a step 
towards interoperability has been taken. Regarding the communication between the 
middleware and the applications on top of it, in the current implementation, PnPAP 
provides context information for the applications through an API. This means that 
the programming language of the applications is confined to challenging Symbian 
C++. Arguably, it is not the most suitable option for rapid prototyping. Providing 
context information in PIDF formatted messages locally, through sockets, would 
have been an alternative. However, this would have increased the message-
processing burden. On the other hand, the implementation would have been 
relatively easy since there were experiences on implementing the communication 
between PnPAP nodes using PIDF.  

NaviP2P, in its current prototype form, does not fulfil the requirements of a 
commercial navigation application. As such, NaviP2P is ideal for demonstration 
purposes and small-scale user testing. The user testing proved that people consider 
the usage of group-based context information useful when interacting with other 
users. Still, the supersessions could be further developed, and the size of the sample 
should be increased for more extensive and statistically valid analysis. In the future, 
user testing should include more interaction scenarios close to the non-technically 
oriented users, for example “Browse photo gallery” instead of a lower-level 
interaction “Browse files”. Nonetheless, NaviP2P provides guidelines on what future 
applications might offer: versatile group-based interactions in which context 
information is utilised to provide ease-of-use. On the other hand, instant messaging 
systems have adopted features of a context distributing system, e.g. Meetro [21] uses 
location information in addition to presence. The author anticipates convergence 
between navigation and instant messaging applications in the near future.  
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 The work has received acceptance from peer researchers and the results have been 
presented in various conferences. The author has written and presented a paper 
introducing NaviP2P and its utilisation as a user interface for group-based 
interactions in the 17th Annual IEEE International Symposium on Personal, Indoor 
and Mobile Radio Communications (PIMRC 2006) [45]. In addition, the author was 
a co-writer in another paper in the same conference, considering benefits of 
supersessions from the viewpoint of efficiency and ease of use [44]. The incentive 
model has been presented in the 5th International Conference on Mobile and 
Ubiquitous Multimedia (MUM 2006) as a poster [43]. Results of the delay analysis 
and the user testing are to be presented in future publications. 

There are still many important aspects to research. One of the most important 
challenges was identified in the previous chapter: the wide-scale implementation of 
context distribution. Namely, the efficiency of context distribution remains a major 
challenge, especially in the mobile environment. There are some improvements, 
including introducing faster connections and reducing the amount of data. 
Nonetheless, there is no simple remedy for this problem. The data may be distributed 
in centralised fashion, e.g. through a presence server as in most of the instant 
messaging systems. An alternative is a peer-to-peer approach, which has been proved 
efficient and feasible in Skype network, where presence information is distributed in 
a hierarchical peer-to-peer manner. The two-layered approach in Skype network, 
with ordinary nodes and supernodes, improves efficiency. On the other hand, an 
IETF working group, P2P SIP, studies using peer-to-peer technologies in a SIP 
network to eliminate the need for centralized servers. P2P SIP is a promising 
candidate to achieve wide-scale context distribution.  

The packet comparison showed that, although using SIP and PIDF may be an 
interoperable way to communicate, it is certainly not a very efficient one. Alternative 
solutions may have to be considered in mobile environment, where bandwidth 
available is limited. As mentioned, PIDF is not dependent on SIP. Thus, a similar 
approach as in VoIP could be taken: SIP negotiates starting up a session, but a much 
lighter protocol is used to transfer the actual data packets. In VoIP, this lighter 
protocol for audio is Real-time Transport Protocol, whereas in context distribution, 
the actual context information could be transferred in plain UDP packets. 

Another interesting research direction would be to implement the incentive model 
for leveraging context-aware services. PnPAP and NaviP2P could be used as a 
platform for the model, as it was suggested. Furthermore, the implementation should 
be tested in real environment with real users since it is impossible to predict human 
behaviour by merely conducting theoretical analysis. Thus, implementation and user 
tests are needed for reliably measuring the feasibility of the model. This need was 
also identified by the reviewers of the MUM 2006 conference. 

In addition, the composition of peer groups should be examined. The size of the 
peer group is important since it affects not only the results of using the incentive 
model, but also the efficiency of context distribution within the group. In addition, 
the implications of the user being part of multiple peer groups should be examined. 

The aim of this thesis was to consider how to improve ease-of-use in mobile 
environment by using context data of a peer group, especially in inter-application 
cooperation. By implementing the supersession and proving it feasible in the user 
testing, the aim was attained. Group-based context-awareness is an important topic 
with several potential application areas, especially as mobile devices become more 
and more sensor-rich and capable of communicating with each other.  
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9. SUMMARY 
 
Context information is becoming an essential resource in mobile networking, as 
more and more sensors are introduced in mobile devices to perceive the surrounding 
environment, bandwidth available increases, and processors become more efficient. 
Context-awareness brings ease of use to mobile devices by allowing dynamic 
configuration of services. An advantage compared with desktop computing is that the 
context of the mobile device is also the context of its user. The goal of this thesis was 
to investigate both technical and social aspects of context distribution accompanied 
with an implementation of a context distribution middleware and an application 
using the community context for inter-application cooperation. 

The basic concepts of context-awareness and context distribution were presented. 
Related work, including presence service, the Context Toolkit and Java Context-
Awareness Frameworks were studied. Then, this thesis focused on interoperability 
and standardisation work concerning context distribution. Presence information data 
format (PIDF) and its extensions were presented as a solution to achieve 
interoperability. 

Not only technical aspects of context distribution, but also user aspects were 
discussed. People expect reciprocity in their social relations. Utilising this fact, an 
incentive model for leveraging context-aware services was presented. As a result of 
adopting this model, revealing context information is expected to increase.  

A mobile middleware, Plug-and-Play Application Platform (PnPAP), build on 
Symbian Series 60 platform, was presented. Among its other functions, PnPAP 
distributes context data distributed in PIDF format, using SIP as a transfer protocol. 
Furthermore, an application utilising context data, a mobile peer-to-peer navigation 
application, NaviP2P, was presented. First, NaviP2P offers the basic functions of a 
navigation application, i.e. zooming, scrolling, and displaying user location on map. 
Second, NaviP2P is capable of displaying context information of other users, 
including location and presence. Third, NaviP2P is capable of supersession start-up, 
i.e. enabling new application sessions to be launched directly from the map view. In 
short, NaviP2P provides a graphical user interface for group-based interaction. 
NaviP2P as a whole and parts of the context distribution were implemented by the 
author. 
Finally, NaviP2P along with the context distributing middleware underwent 
quantitative evaluation, consisting of functional testing and delay analysis, and 
qualitative evaluation, consisting of user testing. Passing functional testing served 
both delay analysis and user testing. Delay analysis examined distributing context 
data using a GPRS connection. Technical delay constitutes three thirds of the total 
delay, mainly caused by the slow GPRS connection. The rest of the delay originates 
from user interaction. The packet comparison between PIDF and binary formats 
showed that PIDF formatted message body and SIP headers produce a significant 
amount of overhead. In mobile environment, where efficient usage of bandwidth is 
vital, alternative methods for distributing context information may be considered. 

However, the delays were tolerable for user testing to find out utility and usability 
of NaviP2P. Users considered context distribution and inter-application 
communication to be utilisable as concepts, although usability was somewhat 
hindered by the unfinished nature of PnPAP and NaviP2P prototypes. The 
experiences may be utilised in the development of commercial applications with 
similar features. 
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Appendix 1: PIDF XML Schema 
 
<?xml version="1.0" encoding="UTF-8"?> 
   <xs:schema targetNamespace="urn:ietf:params:xml: ns:pidf" 
        xmlns:tns="urn:ietf:params:xml:ns:pidf" 
        xmlns:xs="http://www.w3.org/2001/XMLSchema"  
        elementFormDefault="qualified" 
        attributeFormDefault="unqualified"> 
   <!-- This import brings in the XML language attr ibute xml:lang--> 
     <xs:import namespace="http://www.w3.org/XML/19 98/namespace"  
   schemaLocation="http://www.w3.org/2001/xml.xsd"/ > 
 
     <xs:element name="presence" type="tns:presence "/> 
 
     <xs:complexType name="presence"> 
       <xs:sequence> 
         <xs:element name="tuple" type="tns:tuple" minOccurs="0"  
      maxOccurs="unbounded"/> 
         <xs:element name="note" type="tns:note" mi nOccurs="0"  
      maxOccurs="unbounded"/> 
         <xs:any namespace="##other" processContent s="lax"  
      minOccurs="0" maxOccurs="unbounded"/> 
       </xs:sequence> 
       <xs:attribute name="entity" type="xs:anyURI"  use="required"/> 
     </xs:complexType> 
 
     <xs:complexType name="tuple"> 
       <xs:sequence> 
         <xs:element name="status" type="tns:status "/> 
         <xs:any namespace="##other" processContent s="lax"  
      minOccurs="0" maxOccurs="unbounded"/> 
         <xs:element name="contact" type="tns:conta ct"  
      minOccurs="0"/> 
         <xs:element name="note" type="tns:note" mi nOccurs="0" 

 maxOccurs="unbounded"/> 
         <xs:element name="timestamp" type="xs:date Time"  
      minOccurs="0"/> 
       </xs:sequence> 
       <xs:attribute name="id" type="xs:ID" use="re quired"/> 
     </xs:complexType> 
 
     <xs:complexType name="status"> 
       <xs:sequence> 
         <xs:element name="basic" type="tns:basic" minOccurs="0"/> 
         <xs:any namespace="##other" processContent s="lax"  
      minOccurs="0" maxOccurs="unbounded"/> 
       </xs:sequence> 
     </xs:complexType> 
     <xs:simpleType name="basic"> 
       <xs:restriction base="xs:string"> 
         <xs:enumeration value="open"/> 
         <xs:enumeration value="closed"/> 
       </xs:restriction> 
     </xs:simpleType> 
 
     <xs:complexType name="contact"> 
       <xs:simpleContent> 
         <xs:extension base="xs:anyURI"> 
           <xs:attribute name="priority" type="tns: qvalue"/> 
         </xs:extension> 
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       </xs:simpleContent> 
     </xs:complexType> 
 
     <xs:complexType name="note"> 
       <xs:simpleContent> 
         <xs:extension base="xs:string"> 
           <xs:attribute ref="xml:lang"/> 
         </xs:extension>  
       </xs:simpleContent> 
     </xs:complexType> 
 
     <xs:simpleType name="qvalue"> 
       <xs:restriction base="xs:decimal"> 
         <xs:pattern value="0(.[0-9]{0,3})?"/> 
         <xs:pattern value="1(.0{0,3})?"/> 
       </xs:restriction> 
     </xs:simpleType> 
 
     <!-- Global Attributes --> 
     <xs:attribute name="mustUnderstand" type="xs:b oolean"  
   default="0"> 
       <xs:annotation> 
         <xs:documentation> 
        This attribute may be used on any element w ithin an  

 optional PIDF extension to indicate that the corre sponding     
 element must be understood by the PIDF processor i f the  
 enclosing optional element is to be handled. 

         </xs:documentation> 
       </xs:annotation> 
     </xs:attribute> 
   </xs:schema> 
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Appendix 2: NaviP2P User Testing: Background Info Query Forms 
__________________________________________________________________________________ 
OSA 1: Taustatiedot 
 
1. Sukupuoli:   Nainen �  Mies �   
 
2. Ikä (vuotta):   15-20 �   21-25 �   26-30 �   30-40 �   41+ �   
 
3. Ammatti:________________________________________________________________________ 
 
4. Koulutus:________________________________________________________________________ 
 
                                                                                                       En koskaan     Usein 
5. Oletko aikaisemmin käyttänyt ns. älypuhelinta?      1�             2�             3�             4�  
 
6. Kuinka usein olet käyttänyt seuraavia matkapuhelinpalveluita? 
                                                                                                       En koskaan     Usein  
                            Internetin selaus älypuhelimella     1�             2�             3�             4�  
                                            Käytön syy?       Työ �   huvi �   koulutus �   muu �  
 
                            GPRS/EDGE/3G          1�             2�             3�             4�  
                                           Käytön syy?       Työ �   huvi �   koulutus �   muu �  
 
                             Pelien tai sovellusten lataus älypuhelimeen 1�             2�             3�             4�  
                                           Käytön syy?       Työ �   huvi �   koulutus �   muu �  
 
7. Montako älypuhelinsovellusta olet itse ostanut? _________________________________________ 
 
8. Oletko aiemmin käyttänyt vertaisverkkosovelluksia (esim. Napster. DC++. Kazaa. Gnutella). PC:llä 
tai matkapuhelimella? 
                                                                                               1�             2�             3�             4�  
                                           Käytön syy?      Työ �   huvi �   koulutus �   muu �  
Millaisia sovelluksia? 
    ________________________________________________________________________________ 
    ________________________________________________________________________________ 
 
Sovelluksiin liittyvät esitietokysymykset 
 
9. Oletko aiemmin käyttänyt navigointisovelluksia?      En koskaan      Usein 
                                                                                              1�             2�             3�             4�  
                                          Käytön syy?       Työ �   huvi �   koulutus �   muu �  
Millaisilla laitteilla (matkapuhelin. erillislaite. muu)? 
    ________________________________________________________________________________ 
    ________________________________________________________________________________ 
 
10. Kuinka usein keskimäärin harrastat urheilua (poislukien hyötyliikunta kuten töihin pyöräily)? 
 

�  n. 2 kertaa kuukaudessa tai vähemmän 
�  n. 3 kertaa kuukaudessa 
�  n. kerran viikossa 
�  n. 2 kertaa viikossa 
�  n. 3 kertaa viikossa tai enemmän 

 
11. Mitä urheilulajeja harrastat? 
    ________________________________________________________________________________ 
    ________________________________________________________________________________ 
    ________________________________________________________________________________ 
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12. Miksi urheilet (tavoitteet)? / Miksi et urheile? 
    ________________________________________________________________________________ 
 
13. Millaisia apuvälineitä olet käyttänyt urheillessasi tai kuntoilun tulosten seurannassa (esim. 
sykemittari (merkki ja malli). kynä ja vihko)? 
    ________________________________________________________________________________ 
    ________________________________________________________________________________ 
 
14. Mitä muita harrastuksia sinulla on? 
    ________________________________________________________________________________ 
    ________________________________________________________________________________ 
    ________________________________________________________________________________ 
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Appendix 3: NaviP2P User Testing: User Experience Query Forms 
__________________________________________________________________________________ 
OSA 2: Käytettävyyskysely 
 
NAVIP2P: TEHTÄVÄT  
 
Tee tehtävät. Raksi ruutuun mielipiteesi väitteistä ja kirjoita havaintosi ja kokemuksesi NaviP2P:n 
käytöstä. 
 
Tehtävä 1: Kirjautuminen vertaisryhmään (DC++-hubi). Kartan käyttäminen. 

·  Kirjoita nimesi tekstin ”sip:” jälkeen. esimerkiksi ”sip:Seppo@212.50.147.120”. Salasana 
voi olla mikä tahansa. 

·  Liity vertaisryhmään ”Default”.  
·  Jos liittyminen ei onnistu. voit ”puhdistaa” DC++-hubin liittymällä sille uudestaan eri 

nimellä: poistu sovelluksesta (myös Wellnessistä) ja kirjaudu uudelleen eri nimellä. 
·  Jos GPS-dataa on saatavilla. pitäisi sijaintiasi kuvaavan sinisen pallukan näkyä oikeassa 

kohdassa Oulun kartalla. Muuten käytetään oletussijaintina Rotuaarin palloa. 
 
Väitteet:                    Eri mieltä  Samaa mieltä 
1. Kirjautuminen oli nopeaa.             1�  2�  3�  4�  
2. Kirjautuminen oli helppoa.             1�  2�  3�  4�  
3. Karttatoiminnot olivat helppokäyttöisiä.         1�  2�  3�  4�  
4. Näppäinkomennot karttanäkymässä olivat loogisia.     1�  2�  3�  4�  
5. Karttojen haku karttapalvelimelta oli riittävän nopeaa.    1�  2�  3�  4�  
 
Havaintoja ja kokemuksia: 
__________________________________________________________________________________
__________________________________________________________________________________ 
 
Tehtävä 2: Kartan ja vertaislistan käyttäminen. 

·  Voit siirtyä karttanäkymästä käyttäjälistaan. jossa näkyvät DC++-hubin jäsenet.  
·  Voit lähettää muille käyttäjille viestejä tai seurata heidän treenaustaan.  
·  Käyttäjälle nimeltään PC lähetetyt viestit menevät sovelluksen tekijöille. 

 
Väitteet:                    Eri mieltä  Samaa mieltä 
6. Toisen käyttäjän kontekstin näkeminen oli hyödyllistä.   1�  2�  3�  4�  
7. Wellnessin käynnistys Navista toimi odotetusti.      1�  2�  3�  4�  
8. Wellnessin käynnistys Navista oli hyödyllinen toiminto.    1�  2�  3�  4�  
9. Kaipaisin kohdan 8 ominaisuutta muidenkin sovellusten   1�  2�  3�  4�  
kanssa. esim. puhelu suoraan kartassa näkyvälle kaverille. 
 
Havaintoja ja kokemuksia: 
__________________________________________________________________________________
__________________________________________________________________________________ 
 
Tehtävä 3: Muiden käyttäjien sijainti. 

·  Vertaislistassa valitse ”Track user” (käyttäjää PC tai omaa matkapuhelinta ei voi seurata). 
·  Karttanäkymästä voit valita käyttäjän näppäimillä 1 ja 3. 

 
Väitteet:                    Eri mieltä  Samaa mieltä 
10. Toisten käyttäjien sijainnin näkeminen oli hyödyllistä.   1�  2�  3�  4�  
11. Olotilatekstin näkeminen oli hyödyllistä.        1�  2�  3�  4�  
 
Havaintoja ja kokemuksia: 
__________________________________________________________________________________
__________________________________________________________________________________ 
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NAVIP2P: KYSYMYKSET KÄYTÖN JÄLKEEN  
 
Väitteet:                  Eri mieltä  Samaa mieltä 
1. Sovellus toimi riittävän vakaasti.         1�  2�  3�  4�  
2. Sovellus toimi riittävän nopeasti.         1�  2�  3�  4�  
3. Sovelluksen käyttö oli helppo oppia.        1�  2�  3�  4�  
4. Kaipasin lisäohjeita sovelluksen käytön aikana.    1�  2�  3�  4�  
5. Olen tyytyväinen sovelluksen toimintaan.      1�  2�  3�  4�  
6. En olisi halunnut muiden näkevän sijaintiani.     1�  2�  3�  4�  
7. Minulla olisi käyttöä valmiiksi kehitetylle versiolle   1�  2�  3�  4�  
    sovelluksesta. 
8. Olisin valmis maksamaan valmiiksi kehitetystä    1�  2�  3�  4�  
    sovelluksesta. 
 
9. Mikä palvelussa oli parasta? 
    ________________________________________________________________________________ 
    ________________________________________________________________________________ 
    ________________________________________________________________________________ 
 
10. Mikä palvelussa oli huonointa? 
    ________________________________________________________________________________ 
    ________________________________________________________________________________ 
    ________________________________________________________________________________ 
 
11. Kehittämisideoita ja muita kommentteja? 
    ________________________________________________________________________________ 
    ________________________________________________________________________________ 
    ________________________________________________________________________________ 
 
12. Minkä kokonaisarvosanan antaisit palvelulle (arvosana 1-5)? 
    ________________________________________________________________________________ 
 
Kannustinjärjestelmä kontekstitiedon jakoon 
Kuvittele järjestelmä. jossa vertaisryhmässä oman kontekstitiedon jakamisesta saa pisteitä. Pisteistä 
saa hyvitystä palveluntarjoajalta ja niiden perusteella määräytyy käyttäjätaso. joka vaikuttaa siihen. 
miten paljon muiden kontekstitietoa on mahdollisuus nähdä (esim. tason 1 käyttäjät näkevät vain 
muiden olotilaa kuvaavan tekstin. tason 2 käyttäjät tämän lisäksi muiden käyttäjien sijainnin jne.). 
 
13. Kenelle ja millaista kontekstitietoa olisit valmis paljastamaan? Rastita ruudut. 
 verkkoyhtey-

den laatu 
olotila paikka konteksti-

historia 
muu. mikä? 
_________ 

ystäville      
tuttaville      
työkavereille      
mainostajille (kaupat)      
muille (esim. urh.seura)? 
__________________ 

     

 
14. Mitä haluaisit saada vastineeksi kontekstitiedon jakamisesta? 
    ________________________________________________________________________________ 
    ________________________________________________________________________________ 
     
15. Kehittämisideoita ja muita kommentteja järjestelmästä? 
    ________________________________________________________________________________ 
    ________________________________________________________________________________ 
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Respondent (group.id)
Background 1.1 1.2 1.3 2.1 2.2 2.3 3.1 3.2 3.3 4.1 4.2 4.3 5.1 5.2 5.3
Gender femalefemalefemale male male male male male male male male male male male male
Earlier epxerience of smart phones 4 4 4 4 4 4 1 4 3 3 3 1 3 2 4
Earlier experience of navigation applications 2 3 2 2 2 2 2 2 2 1 1 1 1 2 1
Introduction
Logging in was fast 3 3 4 2 4 4 4 3 3 4 4 4 4 4 4
Logging in was easy 3 2 3 1 3 4 4 3 3 3 3 4 4 3 4
Map functions were easy to use 4 4 4 3 - 4 4 4 - 3 2 3 2 3 3
Key commands in the map view were logic 3 3 4 3 3 3 4 4 - 3 3 3 3 3 3
Map retrieval from server was sufficiently fast 3 1 4 3 4 3 4 4 1 2 3 4 1 4 3
Seeing other user context info was useful 3 2 4 - 3 3 - 3 3 3 3 3 2 4 4
Wellness start-up worked expectedly 3 3 3 - - - 4 4 2 2 1 4 2 2 3
Wellness start-up was a useful function 4 3 4 - - - 2 2 2 3 3 3 3 3 4
Need for session start-up with other applications 2 4 4 - - - 2 3 2 3 4 2 2 2 4
Seeing other user location was useful 3 3 4 - 3 3 2 4 3 4 4 4 2 4 4
Seeing other user presence was useful 4 4 4 - - - 3 4 2 3 3 3 3 3 4
After use
Application was stable 2 - - 3 - 2 3 - 1 3 4 4 1 3 2
Application was sufficiently fast 3 - - 3 - 2 3 - 2 2 3 3 2 3 3
Application use was easy to learn 3 - - 2 - 4 3 - 3 2 2 4 3 3 3
Needed additional guidance during the use 2 - - 3 - 1 2 - 3 3 4 1 2 2 3
Happy with the functionality of the application 2 - - 2 - 2 2 - 2 2 3 3 2 4 3
Reluctant to let other users see my location 1 - - 2 - 2 1 - 2 3 1 1 1 1 1
Use for a fully developed version of application 1 - - 1 - 3 3 - 2 2 4 2 3 4 1
Willing to pay for a fully developed version 1 - - 1 - 2 2 - 2 1 3 1 2 4 1
Grade for the service 3 - - 2 - 3 3 - 3 3 3 3 3 4 3


