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Abstract

This thesis looks at how spontaneous collaboration can be promoted and
supported through the applianceof P2P applications on wirelessmobile devices
with the abilit y to form ad-hoc wireless networks. A concept was developed
in order to provide one possible solution for promotion and support of such
collaboration. A prototype was developed as a proof-of-concept. The thesis
makes the important assumption that in the near future, all employeesat the
workplace (or all humans) will wear computers that are much smaller, faster
and more convenient to use than those available today. These are important
tools for communication and collaboration, and are worn at all times (at least
at the work place).

Informal interaction can occur when two or more colleaguesmeet by chance
in the hallway, or at any other location. On such occasions,this informal inter-
action can lead to valuable spontaneouscollaboration, where current problems
are discussedand useful input and updates are received from co-workers.

This thesis claims that through the useof P2P technology on wireless,mo-
bile devicescapable of ad-hoc networking, spontaneous collaboration can be
promoted and supported, providing new possibilities for collaboration and more
bene�t from chanceencounters.

Real-life scenarioswere developed and analyzed in order to identify prob-
lemsconcerningspontaneouscollaboration and to �nd possiblesolutions for the
promotion and support of such activit y.

Further analysisof the scenarioswasdoneby applying the MOWAHS char-
acterisation framework. This framework provides requirement indicators used
to reveal the complexity and the requirements of the di�eren t parts of the �nal
system. A prototype wasthen designedand implemented on suitable mobile de-
vices. After deployment, the prototypewastested in a well-known environment,
namely the hallways of a university. In such an environment, a large number
of specialistswork in separateo�ces, and chanceencounters in the hallway are
frequent. Most employeeswork on di�eren t projects, and there is currently no
e�ectiv e way of knowing what all the others are working on at a given time.
There is also no accurate way of knowing in detail what skills each co-worker
possess.By deploying the prototype in this environment, the prototype's level
of support for such problemscould be documented. This thesissummarizesthe
main �ndings of thesetests, and usethe results and the experiencesgatherered
to provide answers to the initial questions.

The thesis �nds that research in this �eld is still in its early stages,and that
real innovation can be done. The developed concept provided valuable insight
into the problem domain, and outlined onepossiblesolution for promoting and
supporting spontaneous collaboration. The developed prototype proved itself
to be a useful tool, and further development will enablefurther insight into this
interesting �eld.

i



ii



Preface

This thesis is the result of the work done by Thomas Fossumof the Software
Engineering group at IDI, NTNU. The subject and �ndings of this thesis are
related to the MOWAHS project.

Note that the word "he" usedas a pronoun referring to an unspeci�ed indi-
vidual such as an arbitrary user, shall from this point on be read as "he/she".
The term "mobile devices" is usedin this thesisasa commonnamefor personal
digital assistants (PDA), mobile phones,handheld computers and other kinds
of mobile equipment with a central processingunit, memory, screenand basic
input/output and networking capabilities.

Ac kno wledgemen ts
I would like to thank my advisor Alf Inge Wang for useful discussionsand
feedback during the entire processof writing this thesis. I would also like
to thank Andrew Fortier and Jason Prideaux of the University of Oregon for
invaluable contributions while developing the prototype.

Trondheim, June 19th, 2003

Thomas Fossum

iii



iv



Con ten ts

I In tro duction 1

1 In tro duction 3
1.1 Motiv ation and background . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.2 Project context . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

1.2.1 The MOWAHS project . . . . . . . . . . . . . . . . . . . . . . . 5
1.2.2 Related �elds of research . . . . . . . . . . . . . . . . . . . . . . 6

1.3 Limitation of scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.4 Problem de�nition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.5 Reader'sGuide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

I I Background and related work 11

2 Mobile collab oration: central concepts 13
2.1 Informal communication and spontaneouscollaboration . . . . . . . . . 13
2.2 Computer Supported Collaborative Work (CSCW) . . . . . . . . . . . . 15
2.3 Mobile Ad Hoc Networks (MANETs) . . . . . . . . . . . . . . . . . . . . 17
2.4 Mobile Peer-to-Peercomputing (P2P) . . . . . . . . . . . . . . . . . . . 18

3 Researc h context 21
3.1 Related research projects . . . . . . . . . . . . . . . . . . . . . . . . . . 21
3.2 Position of this thesis in research context . . . . . . . . . . . . . . . . . 24

4 Enabling technologies: state-of-the-art 27
4.1 P2P platforms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

4.1.1 JXTA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
4.1.2 JXME . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
4.1.3 The Proem platform . . . . . . . . . . . . . . . . . . . . . . . . . 32
4.1.4 Other platforms . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
4.1.5 Choice of P2P platform . . . . . . . . . . . . . . . . . . . . . . . 34

4.2 Operating systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
4.3 Mobile devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
4.4 Network technologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

4.4.1 IEEE 802.15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
4.4.2 IEEE 802.11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
4.4.3 Methods for data transmission . . . . . . . . . . . . . . . . . . . 44
4.4.4 Wireless Local Area Network (WLAN) . . . . . . . . . . . . . . . 45
4.4.5 Bluetooth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
4.4.6 Infrared (IR) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
4.4.7 HomeRF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

4.5 Choice of technology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

v



I I I Scenarios and concept 51

5 Scenarios for spontaneous collab oration 53
5.1 Framework for building scenarios . . . . . . . . . . . . . . . . . . . . . . 53
5.2 The Scenarios. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

5.2.1 A day at the o�ce . . . . . . . . . . . . . . . . . . . . . . . . . . 55
5.2.2 At the conference. . . . . . . . . . . . . . . . . . . . . . . . . . . 55

5.3 Discussionof scenarios . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
5.4 Future scenarios . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

5.4.1 A day at the o�ce . . . . . . . . . . . . . . . . . . . . . . . . . . 57
5.4.2 At the conference. . . . . . . . . . . . . . . . . . . . . . . . . . . 58

5.5 Challengesfound . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
5.5.1 Social challenges . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
5.5.2 Technical challenges . . . . . . . . . . . . . . . . . . . . . . . . . 59

6 Details on concept 61
6.1 ProMoCoTo: Pro-active Mobile Collaboration Tool . . . . . . . . . . . . 61

IV Dev eloping the protot yp e 63

7 The developmen t of a protot yp e 65
7.1 Design approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

7.1.1 Details on approach . . . . . . . . . . . . . . . . . . . . . . . . . 67
7.1.2 Protot yping plan . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

7.2 Design Goals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
7.2.1 Implementation considerations . . . . . . . . . . . . . . . . . . . 71

7.3 Using the MOWAHS characterisation framework . . . . . . . . . . . . . 73
7.3.1 Applying the MOWAHS characterization framework . . . . . . . 73
7.3.2 Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
7.3.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

7.4 Protot ype architecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
7.5 Requirements speci�cation . . . . . . . . . . . . . . . . . . . . . . . . . . 88

7.5.1 Functional requirements . . . . . . . . . . . . . . . . . . . . . . . 88
7.5.2 Non-functional requirements . . . . . . . . . . . . . . . . . . . . 89

7.6 Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
7.6.1 Technical limitations of protot ype . . . . . . . . . . . . . . . . . 90
7.6.2 The development process . . . . . . . . . . . . . . . . . . . . . . 90

8 Veri�cation and validation 99
8.1 Test strategy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

8.1.1 Developing the testplan . . . . . . . . . . . . . . . . . . . . . . . 100
8.1.2 Objectivesfor testing . . . . . . . . . . . . . . . . . . . . . . . . 101

8.2 Test scenario . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
8.3 Testplan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
8.4 Test results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

V Findings and conclusion 115

9 Main �ndings 117
9.1 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117

9.1.1 Validation of generalapproach . . . . . . . . . . . . . . . . . . . 117
9.1.2 Validation of development approach . . . . . . . . . . . . . . . . 118

vi



9.1.3 Validation of implementation . . . . . . . . . . . . . . . . . . . . 119
9.1.4 Discussionof test results . . . . . . . . . . . . . . . . . . . . . . . 120

9.2 Contributions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121
9.3 Future work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122

9.3.1 Further development of protot ype . . . . . . . . . . . . . . . . . 122
9.3.2 Extensions to concept . . . . . . . . . . . . . . . . . . . . . . . . 123

9.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125

A App endix 127
A.1 MOWAHS complexity indicators . . . . . . . . . . . . . . . . . . . . . . 127
A.2 MOWAHS characterisation results . . . . . . . . . . . . . . . . . . . . . 129
A.3 IEEE 802.11layer details . . . . . . . . . . . . . . . . . . . . . . . . . . 130
A.4 Bluetooth usagemodels . . . . . . . . . . . . . . . . . . . . . . . . . . . 132
A.5 Commercial P2P collaboration systems. . . . . . . . . . . . . . . . . . . 134
A.6 JavaDoc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135

Bibliograph y 151

vii



viii



List of Figures

1.1 A heterogeneousenvironment . . . . . . . . . . . . . . . . . . . . . . . . 6

2.1 The two major P2P networking models . . . . . . . . . . . . . . . . . . 19

4.1 Use of relay hosts in JXME . . . . . . . . . . . . . . . . . . . . . . . . . 31
4.2 Relation betweenPeers,Peerletsand Peerlet Engines . . . . . . . . . . . 33
4.3 Compaq IPAQ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
4.4 Sharp Zaurus 5600 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
4.5 Palm Tungsten T and W . . . . . . . . . . . . . . . . . . . . . . . . . . 40
4.6 Nokia 3650,Sony EricssonP800 and SiemensSX56 . . . . . . . . . . . . 41
4.7 ISO ReferenceModel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
4.8 Peer-to-PeerWireless LAN . . . . . . . . . . . . . . . . . . . . . . . . . 45
4.9 Using an accesspoint to extend the range of wired LAN . . . . . . . . . 46
4.10 An ad-hoc combination of point-to-m ultip oint and point-to-p oint Piconets 48

6.1 An exampleof a messageexchangebetweenpeers. . . . . . . . . . . . . 62

7.1 The processof protot ype development . . . . . . . . . . . . . . . . . . . 66
7.2 The basic stepsof evolutionary protot yping . . . . . . . . . . . . . . . . 68
7.3 Description of MOWAHS characteristics . . . . . . . . . . . . . . . . . . 75
7.4 The architecture of the Proem platform . . . . . . . . . . . . . . . . . . 86
7.5 The packagehierarchy of the protot ype . . . . . . . . . . . . . . . . . . 87
7.6 The network architecture of the future system . . . . . . . . . . . . . . . 88
7.7 The development process . . . . . . . . . . . . . . . . . . . . . . . . . . 91
7.8 Main screenand preferencesscreen . . . . . . . . . . . . . . . . . . . . . 95
7.9 All nearby peersmatching search criteria are displayed in a list. Double-

clicking on a peer will display the details of this peer's pro�le. . . . . . . 96

8.1 The debuggingprocess. . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
8.2 Both usershave been noti�ed of the presenceof a matching peer, and

collaboration is initiated . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
8.3 The protot yperunning on a CompaqIPAQ with a wirelesscard in ad-hoc

mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
8.4 Usersworking on hetergeneousdevicesrunning ProMoCoTo are noti�ed

of the presenceof a peerwith a matching pro�le, and contact is established113

A.1 MOWAHS characterisation results . . . . . . . . . . . . . . . . . . . . . 129

ix



x



Part I

In tro duction

1





Chapter 1

In tro duction

Humans are said to be social animals. We seekcontact with other humans,and
we are usedto collaborate to achieve our goals. By interacting in various ways,
we can shareinformation and exchangeideasand opinions. Both in professional
and private settings, we use communication as a mean of collaboration. Col-
laboration is vital for productivit y at workplaces,and much research has been
done to �nd how collaboration can be better supported.
Much of earlier research in this �eld is basedon the premisethat most interac-
tions betweencolleagueshappen in formal meetings,wheremultiple peoplehave
long interactions on pre-planned topics. Isaacs[49] states that the interaction
patterns betweenpeopleat workplacesare indeed di�eren t. Most interactions
are short, and tend to be spontaneous. Such interactions can occur at any place
at the workplacewhen two or more co-workersmeet by chance. The discussions
will most often be informal, and tend to becontinuations of prior conversations.

Informal, spontaneous interaction at work placeshas important functions
both socially and for collaboration. Incidental encounters betweenco-workers is
a natural setting for collaboration, wherea lot of important information, ideas,
inputs and updates on various issuescan be exchanged.

This thesisseeksto �nd how the potential of this kind of communication can
be utilized in order to promote and support spontaneous collaboration. The
initial questionsposedare:

� What research has beendone in this �eld?

� How can computer technology be applied to promote such collaboration?

� What problems can be found with regard to spontaneouscollaboration?

� How can theseproblemsbe removed or reducedwith the useof computer
technology?

In the information age,communication and collaboration has becomesup-
ported by an ever growing number of devicesand tools. The telephone was a
revolution, enabling peopleto communicate acrosslarge distancesand making
the world a smaller place. In recent years, the mobile phonehas continued this
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Introduction

trend, making people accessible"anywhere, anytime". The widespreadadop-
tion of the Internet has given yet other channels of communication, such as
email, instant messagingand online chats.

With both hardware and bandwidth becoming increasingly cheaper, new
devices,platforms and applications are constantly being developed. According
to Ken Dulaney of Gartner Group[20], this can be expected to continue, and
devices for computing and communication will becomefaster, smaller, more
accessible,more a�ordable and easier to use. This trend is already clearly
visible through the fusion of PDAs and mobile phones.

The samelevel of innovation canbe found within network technology. Wire-
lessLocal Area Networks (WLAN)[12 ] hasbecomecommon,and new standards
such asBluetooth[61] and other implementations of WirelessPrivate Area Net-
works (WPAN)[13] are being implemented into many new devices.Other areas
of network technology are alsosubject to extensive research, and amongtheseis
ad-hoc networking, which enablesdevicesto discover each other autonomously
and to communicate without the need for a central server or other existing
infrastructure. This technology is very interesting for use in applications sup-
porting spontaneouscollaboration.

All these technologies,and the new and improved ways of communication
they provide, has a led to a great potential and new opportunities for collabo-
ration. This thesis aims to �nd how such technology can be used to promote
and support spontaneous collaboration. This leads to further questions that
needanswering:

� What currently available technologiescanbeusedto promote and support
spontaneouscollaboration?

� How can thesetechnologiesbe applied to provide proof-of-concept?

� What bene�ts can be gained by using thesetechnologies?

1.1 Motiv ation and background

The original task for this thesis was formulated simply as "Mobile collabora-
tion". From this very broad assignment description, I wanted to narrow down
the scope,and to focuson a morespeci�c �eld of research. Through my prestud-
ies, the aspect of informal communication and the possibilities for spontaneous
collaboration that such communication provides, caught my interest. This is
acknowledgedasa very important way of spreadinginformation and exchanging
ideas in workplaces, but has received relatively little focus in research. I also
wanted to apply the �eld of Peer-to-Peer (P2P) technology to the assignment,
and my initial task becometo seehow thesecould be combined.

I soon found that using mobile P2P on wireless mobile deviceswould be
a good way to promote informal communication and spontaneous collabora-
tion. As previously mentioned in the introduction, an important presumption
is made; that all employeesalways wear a mobile devicescapable of wireless
communication. By looking at real-life scenarioswhere spontaneous collab-
oration occurs, I wanted to seehow these devices and their communication
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1.2 Project context

capabilities could be used to promote and support such collaboration. This
was to be realized in a prototype.

My motivation for doing research in this research �eld is that I �nd it very
interesting, and that there still areopportunities for real innovation. In my early
literature studies, I found that research on spontaneouscollaboration was still
not very comprehensive. The �eld alsoincludesthe useof many newand exiting
technologiesand devices. I have previous experiencefrom P2P technology and
programming for mobile devices from previous projects, and this provides a
good foundation for further exploration.

1.2 Pro ject context

This thesishasbeenassignedby the Department of Computer and Information
Science.My work is done within the Software Engineering Group, as a part of
the MOWAHS project. The subject of this thesis is part of the larger research
�eld of mobile Computer Supported Collaborative Work (CSCW).

1.2.1 The MO WAHS pro ject

MObile Work AcrossHeterogeneousSystems(MOWAHS) is a research project
founded by the Norwegian Research Council. The project's homepage[86] pro-
vides an overview of the project's goalsand current status.

The project has two parts: processsupport for mobile users using het-
erogeneousdevices (PC, PDA, mobile phones) and support for cooperating
transactions/ workspacesholding work documents.

With more and more companiesworking as virtual organizations, people
are distributed over several locations and time zones. Distributed, mobile and
partly asynchronous technology enablessharing of documents and work plans.
The infrastructure and tools for carrying out such projects in virtual organi-
zations are immature. There is a heterogeneity of tools, equipment and work
models. In addition, mobilit y of devicesand partial lack of connectivity require
regular synchronization of such devicesagainst stationary servers and PCs.

MOWAHS aims to provide an e�cien t and user-friendly environment for
helping people in virtual organizations to perform and coordinate their work
at their current location, time and device con�gurations An overview of the
elements that can be involved in a virtual organization is found in �gure 7.3[86].

The goalsof MOWAHS are threefold:

G1 Helping to understand and to continuously assessand improve work pro-
cessesin virtual organizations.

G2 Providing a 
exible, commonwork environment to executeand sharereal
work processesand their artifacts, applicable on a variety of electronic
devices(frombig servers to small PDAs).
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G3 Disseminatingthe results to colleagues,students, companies,and the com-
munit y at large.

Figure 1.1: A heterogeneousenvironment

The MOWAHS project has concentrated mainly on supporting each mo-
bile user in an virtual organization, by providing solutions for mobile work.
This thesis follows this work by looking at support for collaboration between
coworkers. But rather than looking at traditional collaboration that can be
a result of planned meetingsand communication through various medias, this
thesis focuseson the spontaneouscollaboration that can be a result of informal
communication.

1.2.2 Related �elds of research

The subject of this thesis is part of several large researching areas. The main ar-
easare research on mobile CSCW, P2P computing, ad-hoc networking, context-
aware computing and the use of mobile devices. Included in these �elds are
interesting research on ubiquitous computing, groupware for mobile ad hoc col-
laboration, mobile P2P computing and ad hoc virtual teams. Research is also
being doneon collaboration in general,development for mobile devicesand the
development of P2P platforms and P2P applications. P2P research has had its
main focus on routing algorithms, security and carrier standards.
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1.3 Limitation of scope

1.3 Limitation of scope

The original problem de�nition was to do research in the �eld of collaboration
through the useof mobile devices. This problem de�nition was later narrowed
down to that of promoting and supporting spontaneouscollaboration using mo-
bile devices.The problem domain then involvesthree main parts: spontaneous
collaboration, ad-hoc networking and P2P programming on mobile devices.
Each of theseare �elds with extensive research in their own right, and a strict
limitation had to be made with regardsto the focus of the thesis.

The thesis will provide an overview of relevant mobile devices, platforms
and network technologies, but not go into great detail. Referencesto further
reading for the interested reader are provided where applicable. Scenariosfor
promoting spontaneous collaboration are developed and analyzed. These are
used as the foundation for the development of a prototype. The �rst step in
the design processis the appliance of the MOWAHS framework. A working
prototype is the �nal result of this work. The developed prototype will have a
small number of features. This is done becausethe prototype is merely meant
as a proof of concept, proving that it can indeed be a useful tool. Several
extensionsand useful features could be explored with the prototype, someof
theseare outlined in section9.3. The prototype is subject to testing, and results
and �ndings are �nally discussed,and a conclusionis made.

This limitation of scope leaves other interesting subjects unanswered. One
of the important aspects that could have beenincluded is security . This is not
consideredin this thesis.

1.4 Problem de�nition

"This thesiswil l examinereal-life scenarios where informal commu-
nication can lead to spontaneous collaboration. This thesis claims
that informal communication holdsa great potential for spontaneous
collaboration, and that this potential can be better utilized through
the useof computer technology. A prototype wil l be developed to back
this claim, and to gain useful insight into this �eld of research. The
purpose of the prototype is to show that mobile Peer-to-Peer tech-
nology on heterogeneous devices capable of utilizing ad hoc wireless
networks can indeed promote and support spontaneous collaboration
between peers in the vicinity of each other. Detailed scenarios with
real-life elements needs to be developed for this. The MOWAHS
characterisation frameworkwil l be applied to the scenarios, and the
results wil l be used in the design- phaseof prototype development.
The prototype is developed as proof of concept for the use of mo-
bile devicesfor promoting and supporting spontaneous collaboration.
This prototype is to be tested in a suitableenvironment, and �ndings
are to be summarized."
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1.5 Reader's Guide

This sectionprovide a brief overview of what canbe found in the variouschapter
of this thesis. The thesis is divided into parts, whereeach part contains related
chapters. Part 1 give a introduction to the subject of this thesis. Part 2 provide
a detailed overview of the central aspectsneededasa background for this thesis,
as well as the research context and a overview of the enabling technologies.
Part 3 describe the scenariosand the concept that have beendeveloped. Part
4 outlines how the development and testing processeswere carried out, and
provide a overview and short discussionof the results found. Part 5 contains
a discussionof the main �ndings of this thesis, details on future work and the
�nal conclusion.

Chapter 2
This chapter providesan overview of the most central conceptsthat are relevant
as background knowledgefor this thesis.

Chapter 3
In this chapter, the research context of this thesis is explored. An overview
of current and related research projects is presented. The chapter also aims to
explain what parts of other conceptsand projects are especially relevant for this
thesis,and how thesemake up a foundation for the conceptand implementation
of this thesis. Only the most important subsectionsof this chapter are included
in the table of contents, in order to give good readability.

Chapter 4
The technologies enabling the implementation of a proof-of-concept are pre-
sented in this chapter. The choices of technology for the development of a
future prototype are justi�ed as they are made.

Chapter 5
The scenariosdeveloped in this thesis are meant to provide better insight into
the possibilities and potential problems of a concept and a future implementa-
tion of such a concept. This chapter describes the framework used to develop
thesescenarios,and provide discussionswith regardsto what they have revealed
of the problem domain. The chapter concludeswith a list of challengesthat
have beenidenti�ed through the useof the scenarios.

Chapter 6
This chapter gives a short description of the concept developed in this thesis.
This concept is the foundation for the following implementation of a working
prototype.

Chapter 7
The development of a prototype as proof-of-concept is described in this chap-
ter. The chapter coversthe development processfrom designto implementation,
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and o�ers details on the chosenapproach. The use of the MOWAHS charac-
terisation framework is also included. The implementation-phase is described
in detail, with results from various stagesof testing during development being
documented.

Chapter 8
The veri�cation and validation of the implemented prototype is found in this
chapter. A test strategy is presented, and a detailed test plan and a description
of the execution of the test is included. The chapter endswith a presentation
of the test results.

Chapter 9
This �nal chapter sumsup the main �ndings of this thesis,and give an overview
of the authors contributions. Details on possibleextensionsand improvements
to the existing implementation are presented, as well as related conceptsthat
was developed but not implemented, and that may have interest for later work
in this �eld. The chapter �nally include the conclusionof this thesis.
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Part I I

Background and related work
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Chapter 2

Mobile collab oration: central
concepts

This chapter takes a closer look at the theoretical concepts that are relevant
for this thesis. An overview of the relevant aspects of informal communication
and spontaneous collaboration between co-workers is useful as a foundation
for later development. By identifying the main characteristics of spontaneous
collaboration, detailed scenarioscan be developed, and the most important
features for a future prototype can be identi�ed. Next is an overview of the
main abstract conceptsrelated to the this thesis. This is followedby an overview
of the current research in this and closely related �elds.

This thesis looks at how wireless mobile devicescan be used to promote
more informal communication and in this way promote spontaneouscollabora-
tion, with the appliance of P2P applications. In order to do this, it is essential
to have su�cien t background knowledge of the involved concepts. This sec-
tion summarizesthe relevant background material for the �eld of spontaneous
collaboration.

2.1 Informal comm unication and spontaneous col-
lab oration

Several studiesstressesthe importanceof informal and unplanned interaction as
a sourceof collaboration and e�cien t problem solving ([4], [5], [63], [70]). Infor-
mal communication consistsof spontaneous interactions, with no pre-planned
agendafor the conversation. Its characteristics will depend on the setting and
on the personsinvolved. Filho[26] o�ers the following de�nition of informal
communication:

"Informal communication is a synchronous face-to-face interaction,
which is brief, unplanned and frequent. It can be strongly related
to work but it can also be purely social. In thesetypes of meetings
the interactions have an unsettled agenda,no preestablished topics
are discussed, and the interaction can have a random number of
participants."
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Rognes[71] arguesthat informal communication is not restricted to face-to-
face, or even verbal, communication, but for the remainder of this thesis, this
is the context in which the term "informal communication" will be used.

Face-to-faceinteraction providesa rich form of collaboration, becausea large
amount of information can be exchanged. Communication is held via both au-
dible and visible techniques, and participants can use the emotional content
of conversation as information to make decisionsor to act. Emotions can be
expressedthrough body languagesuch as gesturesduring informal interaction,
making these interaction far more expressive than communication over phone,
Instant Messagingor other forms of interaction. Using visual techniques like
showing an idea on a pieceof paper will help to underline the audible commu-
nication. Such forms of visual communication becomeseven more important
when advanced topics are discussed,where the understanding of details will
rely on more than just regular explanations.

Rogers and Kincaid[70] state that face-to-face communication is central
when dealing with ambiguous and/or complex issuesthat require feedback and
active interaction. Informal communication is not as restricted as regular, pre-
planned meetings. Examples of restrictions related to regular meetingsare the
pre-planned,limited agenda,the needfor a moderator and the tendencytowards
groupthink, where the majorit y of the participants can champion an idea, even
though it may not be the best solution. Also, participants are more likely to
come up with original ideas in informal settings. This can be becauseof the
reduced fear of being wrong or appearing un-intelligent. Studies suggestthat
novel or surprising information tends to be discounted as unreliable when im-
mediate feedback and explanation is not available(Schrange[74]). Further, it is
argued that spontaneouscommunication participants have lesstime to harden
their preconceived notions about the topic discussed,and tend to ask for more
clari�cation and be more receptive to ideas. Impromptu face-to-faceencounters
have beenshown to be extremely important in increasingthe perceived quality
of information in communication (Maltz[56]).

Aldunate et.al.[23] looksat what factors that facilitate interaction, and these
results are interesting for this thesis. They �nd that if factors such as similar
attitudes, similar preferred activities, similarity in basic values, interests and
hobbiesall are important factors for whether two personsare likely to inter-
act. Location is another important factor; somelocations promote interaction
through the prede�ned cultural situations they facilitate. Examplesof such lo-
cations and situations can be dinners, summercampsand conferences.Further,
the physical distance between people will also be an important factor for the
probabilit y of contact being made. Demographic information such ascolor, age,
wealth, nationalit y and education is alsoan important factor. Finally, trust be-
tweenpeoplewho can chooseto initiate contact is found to be a relevant factor.

The frequencyof opportunities for informal interaction will depend on envi-
ronmental variables such as the o�ce landscape, the working environment and
the corporate culture.
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With this knowledgeof the importance of spontaneous,informal interaction
and collaboration, the motivation for developing a concept and a system for
promoting such interaction has a solid foundation. Later chapters tries do
identify common problems with this kind of collaboration (section 5.3), and
possiblesolutions are proposed(section 6.1) and implemented (section 7.6).

2.2 Computer Supp orted Collab orativ e Work (CSCW)

Computer Supported Collaborative Work (CSCW) is a multidisciplinary re-
search area focusing on supporting collaboration and group activities, by pro-
viding e�ectiv e methods for sharing information and coordinating activities.
The �eld of CSCW will require the application of multiple diciplines, such as
sociology, organisationalscience,psychology and computer science(Rodden[69].
CSCW studies how peoplework together using computer technology. Typical
applications include email, awarenessand noti�cation systems, videoconfer-
encing, chat systems, multi-pla yer games, and real-time shared applications,
such as collaborative writing or drawing. The �eld relates to individuals both
as professionalsand as social beings. The professionalaspect include sharing
knowledge,explicit as well as tacit, forming a professionalidentit y. The social
being aspect include becoming a member of a social group, and maintaining
the communit y. The domain of CSCW are made up by two dimensions; time
and place:

Real time Async hronous time
Same place I I I
Di�eren t place I I I IV

The collaborative work supported through the conceptsdeveloped in this
thesis take place in a small geographicalarea and in real-time. The focus of
this thesis will therefore �t in the top-left part I of this table. Bernard et.al.
[24] describe this part of the taxonomy as synchronous, co-located interaction,
where the situation awarenessof the parties involved is total. The emotional
content can be usedas information to make decisionsor to act. As mentioned
in section,2.1, face-to-faceinteraction is a very rich form of communication, be
it verbal and non-verbal. This setting is an ideal casefor e�cien t work.

The promotion and support of spontaneouscollaboration by meansof wire-
lessmobile devicesand P2P applications belong to the �eld of mobile CSCW.
With the new possibilities o�ered by ever more powerful mobile devices,mo-
bile CSCW is better facilitated than ever before. Wib erg and Gronlund[87]
de�ne mobile CSCW simply as "working together at various sites with the use
of mobile IT". This de�nition implies that co-workers collaborate at di�eren t
physical locations, and that they usemobile devicesand networking technology
to support this collaboration.
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Reinhard, Schweitzer et.al.[85] discussbasic underlying conceptsof CSCW
and evaluates existing frameworks. Schmidt and Bannon[72] provide somehis-
toric background on CSCW.
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2.3 Mobile Ad Ho c Net works (MANETs)

"Ad Hoc" means"for this", further meaning "for this purposeonly", and thus
usually temporary. An ad-hoc network is a network wheresomeof the network
devicesare part of the network only for the duration of a communications ses-
sion or, in the caseof mobile or portable devices,while in somecloseproximit y
to the rest of the network. A mobile ad-hoc network (MANET) is an ad-hoc
network consisting of mobile nodes. The speci�cation for such a network is
currently being developed by the Internet Engineering Task Force (IETF[40 ]).
Kortuem[52, Ch.3] describes the advantages of a mobile ad-hoc network com-
pared to regular mobile infrastructure wireless networks (e.g. mobile phone
networks):

� No infrastructure needed:

{ Ad-hoc wirelessnetworks do not rely on wired base-stationsand for
that reason can be deployed in places without existing infrastruc-
tures. They can be created spontaneously and on as neededbasis,
becausethey require little con�guration to setup.

� Self-organization:

{ In a wired network the topology of nodesis determined by the phys-
ical cabling and thus is �xed. This restriction is not present in ad
hoc networks; as soon as two nodesare within range of each other,
an instantaneous link between them is automatically formed. As a
consequence,the network topology of an ad-hoc network re
ects the
relative distanceof its nodesand is constantly recon�gured as nodes
comewithin range of each other.

� Fault tolerance:

{ The self-organizingnature of ad-hoc networks and the fact that they
do not rely on dedicatedbasestations makesad-hoc networks fault-
tolerant. In a traditional cellular network, a fault in the basestation
will impair all nodesin its cell. In ad-hoc networks, a malfunction in
one node can be easily overcomethrough network recon�guration.

The primary concernsin ad-hoc networks are bandwidth limitations and
unpredictable changesin network topology. Becauseof this, e�cien t utilization
of routing packets and immediate recovery of route breaksare critical in routing
and multicasting protocols. Theseareashas seena large body of research, and
this is discussedin detail by Perkins[68]. Ad-hoc networks provide low-level
functions that span the following �v e areas:

Disco very General ad-hoc networks only support the discovery of devices,so
the discovery of serviceson these devices must be added by the P2P
platform.
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Routing This has been the area that has seenthe most research. The com-
munication between the peers in an P2P network requires routing over
multiple-hop wireless paths. The nodes in this network are constantly
moving, and the topology of the network is therefore in constant change.
This changeleadsto increasednetwork congestionwhile the network rout-
ing algorithm tries to cope.

Multicasting This technique is important for the e�ciency desseminationof
data and messagesthroughout the network. In a ad-hoc network, data is
multicasted to hosts basedon speci�c host properties.

Information dissemination Various algorithms exists for e�cien t data dis-
semination and optimized power consumption on nodes.

Securit y Not many ad-hoc networks provide built-in security. Bluetooth is an
exception.

Several interesting areasof application canbeenabledby ad hoc networking.
Amongst these,Perkins[68] lists conferencing,homenetworking, emergencyser-
vices, Personal Area Networks (PAN), embedded computing applications and
increasedinteraction between regular computers and mobile devices. In addi-
tion to this, the areasof communication and collaboration will provide numer-
ousopportunities for interesting applications, using ad hoc networking. Section
4.4 presents currently available networking technologiesthat are able to create
ad-hoc networks.

2.4 Mobile Peer-to-P eer computing (P2P)

The term "Peer-to-Peer" refersto any relationship in which multiple, autonomous
hosts interact as equals. The peering relationship implies that additional func-
tions are available to other peerscollectively as a consequenceof their collabo-
rations with other hosts.

One way to describe what a P2P system is, would be to describe such a
system in terms of it's properties. A P2P system is a community of networked
nodes, or peers, that communicate with each other. The peersare equal, in a
sense,since peerscan provide servicesto other peers,and peersmay use ser-
vices that other peersprovide. This is in contrast to the traditional client {
server model, where there is a limited number of service providers and many
clients that consumethese services. Virtually any device may be a peer in a
peer-to-peer network, from mainframe computers to cellular phones. However,
deviceswith limited resourcesmay not be able to participate in the network
without the help of a proxy.

Peers communicate by exchanging messages.If a peer A wants to utilize
a service provided by peer B, it sendsa messageto B containing the service
request. The messageenvelope must contain the addressof both A and B, i.e.
A needsto know B's address. B will learn about the presenceof A and A's
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addressbasedon the information given in the request. B may then processthe
requestand return a messageto A containing the response.

Peersmay learn about other peersthrough a mechanism called "discovery".
Advertisements are broadcasted on the P2P network at certain times or in
responseto search requests. Peersusually implement somemethods to cache
addressesof other peers,in order to minimize network tra�c.

Figure 2.1 from Schollmeier[73] shows the two major P2P networking mod-
els.

Figure 2.1: The two major P2P networking models

Hybrid P2P In hybrid P2P networks, a central entit y is employed, but only as
a global index server. This server is held by a central authorit y (broker),
and will not provide further content or service. In many respects, it
resembles a lookup-table, where the actual content is exchangeddirectly
betweenthe peers. This server can be a Single Point of Failure.

Pure P2P Pure P2P networks have no centralized �xed entities, and any net-
work entit y can be removed from the network without the other peers
su�ering of loss of service. This network has no Single Point of Failure.
Peerswill only have local knowledgeof the network, and they registerwith
network neighbors. Such a decentralized model enablesthe development
of applications with high availabilit y, fault-tolerance and good scalability.

The network of interest for this thesis is the Pure P2P model, where each
device is fully autonomousand needno existing infrastructure to be useful.

A mobile P2P systemis a distributed mobile systemthat consistsof mobile
hosts that continuously changetheir physical location and establishpeeringre-
lationships amongeach other basedon proximit y (Kortuem[52]). A mobile P2P
system di�ers from regular P2P systemsin it's much more limited expansion
of bandwidth and in the much weaker devicesit is deployed to. In this thesis,
such a system is usedin a Pure P2P network.
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Chapter 3

Research context

This chapter providesan overview of current research that relatesto the subject
of this thesis. It alsodescribesthe position of this thesisin this research context.

3.1 Related research pro jects

The main focus in collaboration-related research has been on collaboration
through Internet-based media such as groupware, discussion boards, shared
workspacesetc. Less focus have been put on the collaboration done through
face-to-facecommunication. This is the kind of collaboration found in sponta-
neousinteractions. This section describesrelevant research projects that deals
with conceptsthat are interesting for this thesis.

In ter-P ersonal Aw areness Devices (IP AD)
The concept of IPADs is discussedin several interesting papers (Holmquist,
Falk and Wigstrom[39], Filho[26]), and is usedas a collective term for mobile,
portable devices intended to improve the opportunities for face-to-faceinter-
action in a group of people. IPADs aims to provide awarenesssolutions that
combine the advantagesof desktop-basedawarenessapplications; constant, non-
disruptiv e awareness,with the mobilit y provided by mobile devices.The IPAD
is used as a contact facilitator , initiating contact and extending the human
range of awareness. Holmquist, Falk and Wigstrom[39] present the following
de�nition of the concept:

� Inter : It utilizes the relationship betweenitself and other IPADs (such as
the distance), thus taking advantage of the user's inherent mobilit y.

� Personal: It is personal, i.e. an IPAD is identi�ed with its user, and is
carried and worn at all times when in use.

� Awareness: An IPAD is used to convey awarenessof others. It is not
used for meditation of the actual communication that may result from
this awareness.

� Device: An IPAD is a self-su�cien t device, not reliant on any other in-
frastructure except that provided by other IPADs.
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Several experimental prototypes have implemented this concept, amongst
theseare several prototypesdeveloped in the following research projects.

Hummingbird
The Hummingbird[54] has its name becauseit "hums" whenever another hum-
mingbird is nearby. The prototype implements the concept of an IPAD, and
is meant to promote presence awarenessand collaboration betweenpeoplewho
are in the physical vicinit y of each other. Constant awarenessinformation is
supplied to the usersthat are closeto each other, without any reliance on an
underlying infrastructure. When another device has beendetected, a sound is
generated,and the name of the owner of the other device is displayed on the
device'sscreen.Studiesshow that the Hummingbird did increaseawarenessbe-
tweengroup members,and that it had the potential to complement other forms
of communication such asphoneand email(Holmquist, Falk and Wigstrom[39]).
The Hummingbird prototype was found to be particularly useful when a group
of peoplewere in an unfamiliar location, with no other form of communication
available.

Pro xy Lady
The main objective of this system is to promote informal, opportunistic face-
to-face communication. Proxy Lady[67, 66] is intended to be used by people
who meet frequently, such as co-workers, and needsto share information when
opportunities occur. The systemwill support theseinformal interactions by pro-
viding location awareness,as well as information items such as email messages
and other �les. These items are stored on the mobile device during synchro-
nization with a desktop computer. The concept behind Proxy Lady assumes
that these information items can be usedas the basis for informal interaction.
Usersmay want to discussthe information items they carry. This implies that
the usersof the system already know each other, and store information items
on their mobile deviceswith later interaction in mind. As the Hummingbird,
the Proxy Lady prototype provides presenceawareness[18], but it addsthe pos-
sibilit y to �lter the candidates for interaction by what information items they
carry.

Pro em
The Proem platform is asa platform for developing and deploying P2P collabo-
rativ e applications, and is described in moredetail in section4.1.3. A number of
interesting prototypeshave beendeveloped by using this platform, and amongst
these are one prototype basedon the concept of interchange of user pro�les,
simply called Proem. This prototype supports awarenessand informal commu-
nication during chance encounters between mobile users. The concept di�ers
from the Hummingbird and the Proxy Lady in that it supports encounters be-
tween people who do not know each other. The pro�le-based system is not
intended to carry on sustained communication or to replace face-to-facecon-
versations. According to Kortuem, Zegall et.al[51], the systemenablesusersto
publish and exchange personalpro�le information during physical encounters.
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It will in this way initiate contact between individuals by identifying mutual
interests or common friends.

A large body of research has been done by the team behind the Proem
platform on systemsthat support face-to-facecommunication, and several other
prototypesin addition to the previously mentioned have beendeveloped to test
various theories in this �eld. Kortuem, Schneider et.al.[53, 29] provide several
interesting conceptsand results.

Ad Ho c Information Spaces
Redstrom, Holmquist et.al.[45] describes the concept of ad-hoc information
spacesas a way of distributing information in an environment depending on
user mobilit y and relative location. Redstrom, Holmquist et.al give the follow-
ing de�nition of the term:

"A n Ad Hoc Information Space is an information space mediated
by ad-hoc networks of functional ly self-contained devices within a
limited physical space, as available to a user or a device."

The concept is realised by the use of self-contained, autonomous devicesand
ad-hoc networking. Several prototypes have been built to experiment with
the concept. The previously mentioned Hummingbird prototype were devel-
oped as support for awarenessin mobile groups. Later prototypes,such as the
Newspilot[17], enabled other information sourcesand the abilit y to transmit
more complex information.

AID A
AID A is a an prototype that combine the features of an Instant Messaging
application with those of a PresenceAwarenessapplication (Favela et.al.[44]).
The prototype is deployed to a mobile deviceand is usedto interact with devices
that comewithin reach of the user as he moves within a pervasive computing
environment. AID A usesa infrastructure called DoMo, for opportunistic in-
teraction with servicesavailable in a pervasive computing environment. When
users join the ad-hoc network, agents representing servicesare registered in
a list held on each mobile device. The user will have accessto a given set
of serviceso�ered by other users of this network. The application also pro-
vides presenceawarenessthrough a Instant Messaging-partof the application.
Both the AID A application and the DoMo infrastructure is described further
by Favela et.al.[44].

Ho cman
A prototypenamedHocmanis describedby Esbjornsson,Juhlin and Ostergren[57,
58] to bea mobile HTTP P2P application, which supports social interaction and
enabledsharing of multimedia content over an ad-hoc network. The prototype
has been deployed to mobile devices and tested in the very mobile environ-
ment, namely that of motor bikers riding their bikes. A rapid peer discovery
algorithm was invented in order to cope with the very brief opportunities for
peer discovery and the creation of ad-hoc networks.
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P2P collab orativ e platforms
Research is alsobeing doneon developing P2P platforms to facilitate the devel-
opment of more systemssuch asthe onesdescribed in this section. Examplesof
such platforms are Sun Microsystem's JXTA[60] and The platform developed
at the University of Oregon called Proem[52], a more comprehensive overview
is found in section 4.1, which describes the available P2P platforms that are
relevant for this thesis. Several commercialP2P platforms exists, that are built
to support collaboration. But these are proprietary systemsthat are not in-
tended to be used as platforms for further development. Also, none of the
platforms found in this prestudy are intended for use in ad-hoc networks, pro-
moting spontaneouscollaboration and supporting face-to-facecommunication.
A brief overview of commercialP2P collaboration systemsis found in appendix
A.5.

3.2 Position of this thesis in research context

The concept and prototype of this thesis make use of several of the concepts
described in the previous section. The aspects of awarenessand the initiation
of interaction through the use of mobile devicesare central. The developed
prototype share many similarities with the concept of IPADs. It is intended
for raising awarenessof co-worker's skills, and to initiate interaction that can
lead to useful collaboration. Also, the prototype will be independent of existing
network infrastructure, and will only need the presenceof other devicesto be
truly useful.

The future prototype will share the feature of providing information on
nearby peers with implemented concepts such as the Hummingbird and the
Hocman. This aspect is also implemented by the AID A prototype. Both the
Proxy Lady and the HocMan prototype add the concept of exchanging infor-
mation items. This can however be done without additional software once the
deviceshaveestablishedan ad-hoc network, but it could neverthelessbea useful
feature of the future prototype, providing increasedconveniencefor the users.
The �ltering of nearby usersbasedon what information items they carry, used
in both the Proxy Lady and Proem, closely resembles the concept that will be
used in the future prototype to determine what peersthat are interesting for
collaboration.

The Proem prototype has many similarities with the future prototype of
this thesis, particularly through it's useof pro�le-exchangefor initiation of in-
teraction and collaboration. The Proem prototype was run on laptops and
purpose-built mobile devices,and wasnot available for testing. The future pro-
totype of this thesis should instead enablemore insight into the possibilities of
such an application.

The prototype developed in this thesiswill combine the strengths of several
of the described prototypes. In addition to the presenceawareness,the pro-
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totype will use the concept of �ltering what remote devicesare perceived as
interesting, through search criteria that must be matched in order for presence
noti�cation and further exchangeof information to occur. The information on
the owner of the nearby devicewill be accessibleon the local devicethrough the
exchangeof pro�les. The prototype will most likely built on top of an existing
P2P platform.
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Chapter 4

Enabling technologies:
state-of-the-art

In recent years, there has been major technological advances in the area of
wireless communication. New technologies and evolutions of existing ones
have emergedat a high rate. Examples of such technologiesare GPRS, IEEE
802.11b, Bluetooth and UMTS. The same level of innovation has also taken
place with mobile devices, which have becomeboth smaller, more advanced
and easier to use. With the increasing number of users that have accessto
advanced PDAs, mobile phonesand hybrid devices,much research is done on
how to utilize this infrastructure. In the past, most of the research e�ort has
beendonein lower-level protocolsand services,such asnetwork access,routing-
protocols, Qualit y of Service(QoS) preservation and power consumption. This
emphasisis now starting to shift to the upper layers, covering issuessuch as
middleware, security, human-interfaces,applications, etc. As a part of this the-
sis, a prototype will be developed, utilizing several of the technology advances
made in recent years, such as ad-hoc networks, P2P technology and sophisti-
cated mobile devices.

This chapter provides an overview of the current state-of-the-art in the
respectiveareasof supporting technology. The �rst sectionprovidesan overview
of available P2P platforms for the prototype. Thesearecrucial to the prototype,
sincethe abstraction of networking details o�ered by theseplatforms will enable
the prototype to perform complex tasks that would otherwise not be feasible
in the short development period of this thesis. The choice of P2P platform will
also dictate the choice of programming language. A short overview of relevant
operating systemsis followed by an overview of relevant mobile deviceswhere
the �nal prototype can be deployed. The next section presents the relevant
background information on the networking standards, transmission methods
and available implementations. Finally, an overview of the technology selected
for development and testing of the future prototype is presented.
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4.1 P2P platforms

The concept of P2P computing includes lots of complex implementational is-
sues.Wilson[88, Ch.2] summarizesthesein a generalway:

� How to connect a set of devicesin such a way that they can share infor-
mation, resourcesand services

{ How doesone device learn of another device'spresence?

{ How do devicesorganizeto addresscommon interests?

{ How doesa devicemake its capabilities known?

{ What information is required to uniquely identify a device?

{ How do devicesexchangedata?

� The fundamental problem in P2P is how to enablethe exchangeof services
betweennetworked devices.

{ How doesa device �nd peersand servicesin a P2P network?

{ How doesa device in a private network participate in P2P?

Without the useof an existing P2P platform, a lot of problems would have
to be solved from scratch. Examples of such problems are:

� Implementing middleware support

� Enabling peer-to-peer interaction

� Supporting disconnectivity, location independence,group collaboration,
atomic transaction and Qualit y of Service

� Explicit programming of both data and network aspects of applications
on each devicewhen using heterogeneousdevices

The reasonsfor not building the systemfrom scratch are mainly related to
the complexity involved in such an undertaking. This would be far beyond the
scope of this thesis, and require much more time and research. A P2P platform
will o�er abstractions to much of this complexity, and let applications be built
on top. For this reason, the approach of developing from scratch was found
not to be a feasibleoption. Existing platforms have rich APIs and enablesthe
development of extensive programs with advanced functionalit y. This section
provides a brief overview of relevant platforms. The Proem platform is given
extra attention becauseof its speci�c focus on supporting collaborative P2P
applications in ad-hoc networks. This should make the platform very suitable
for the development processof this thesis. The �nal choice of P2P platform is
justi�ed in section 4.1.5.
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4.1.1 JXT A

JXTA[88] is a platform for developing P2P applications, originally initiated by
Sun Microsystems. JXTA is now an open-sourceproject actively supported by
Sun. JXTA is short for "Juxtap ose", which means"side by side". JXTA pro-
vides a set of protocols and APIs for general-purpose, computer-to-computer
communication. The motivation behind the JXTA project is to create a com-
mon platform for P2P systems. JXTA provides a fully decentralized environ-
ment that enablesuser applications to connect to each other in an ad-hoc fash-
ion. This enablesapplication developers to createrobust P2P applications with
a minimum of e�ort. JXTA is implemented in a wide variety of programming
languages,but the referenceimplementation is done in Java. The platform is
both platform and network independent.

Li Gong[30] of Sun Microsystems lists the following as the main objectives of
JXTA:

In terop erabilit y
Existing P2P solutions are often developed from scratch for a single purpose.
Popular applications such as Gnutella[77], with its generic �le sharing, and
AOL instant messenger(AIM) providing instant messagingare examples of
such. With the diversecharacteristics of theseservicesand the lack of a com-
mon underlying P2P infrastructure, the systemsbecomeincompatible. Each
vendor createsits own P2P user communit y, and duplicates the e�orts in cre-
ating software and system primitiv escommonly usedby all P2P systems. If a
peer want to participate in multiple communities organized by di�eren t P2P
implementations, the peer must support multiple implementations, each for a
distinct P2P system or communit y, and serve as the aggregation point. With
JXTA asa commonplatform for development, interoperabilit y betweensystems
could more easily be realized.

Platform Indep endence
Many P2P systemstoday o�er their features or servicesthrough a set of APIs
that are delivered on a particular operating systemusing a speci�c networking
protocol. For example, one system might o�er a set of C++ APIs, with the
systeminitially running only on Windows, over TCP/IP , while another system
o�ers a combination and C and Java APIs, running on a variety of Unix systems,
over TCP/IP but also requiring HTTP . A P2P developer is then forced to
choosewhich set of APIs to program to, and consequently, which set of P2P
customers to target. The JXTA platform is designed to be independent of
preferred programming languages,development environments, or deployment
platforms.

Ubiquit y
JXTA is intended to implementable on a wide range of devices, from simple
consumerproducts to high-end servers. It is also designedto be platform inde-
pendent.
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Imp ortan t concepts
JXTA is basedon the conceptsof peers, peer groups, pipes and messages. A
peer is any devicethat is capableof participating in the network. Peersmay be
a member of one or more peer groups, in which the peershave similar capabil-
ities. Communication between the peersis done by passingmessagesthrough
pipes. A pipe is a communications channel that can support either multicast
or point-to-p oint communications. A messageis a collection elements, which
are (name,value) pairs. The name is meta data about the value, and the value
is the actual data that the peer wants to communicate. JXTA currently uses
XML as the encoding format for its messages.

Peers gain knowledge about other peers, peer groups and pipes through
use of the discovery services. Discovery is basedon advertisements, which are
structured documents that contain information about peers, peer groups or
pipes. For instance, an advertisement may contain the name, id and descrip-
tion associated with a peer group. Advertisements are propagated throughout
the network when needed,for instance when creating a group or when a peer
searches for a group. Advertisements are normally published in the scope of a
peer group, which limits the amount of propagation neededand ensuresthat
only potentially interested peersreceive the advertisement[30].
JXTA does not mandate exactly how discovery is done. It can be completely
decentralized, completely centralized, or a hybrid of the two.

Direct discovery
This is done via a local broadcast; discovery through invitation. If a peer
receives an invitation, the peer information contained in the invitation can be
usedto discover a (perhapsremote) peer.

Indirect discovery
A rendezvous point is a special peer that keepsinformation about the peersit
knowsabout. A peerthat cancommunicate via a rendezvouspeer,perhapsvia a
pipe, can learn of the existenceof other peers.Rendezvouspoints are especially
helpful to an isolated peer by quickly seedingit with lots of information.

Cascaded discovery
If a peer discovers a secondpeer, the �rst peer can, with the secondpeer's
permission,view its horizon, discovering new peers,groups, and services.

The JXTA project consistsof several sub-projects, including JXTA Platform,
JXTA Security and the JXTA Shell.

JXT A Platform
This is the corecomponent upon which all other JXTA projects depend, and

hoststhe referenceimplementation of the JXTA Protocols. The JXTA Platform
also provides an implementation of the JXTA API, that enablesapplication
programmersto create JXTA applications.

30



4.1 P2P platforms

JXT A Securit y
This project aims at providing security servicesfor the JXTA communit y.

It currently includes a cryptography toolkit that ensuresprivacy, integrity, au-
thenticit y and non- repudiation of messagessent between peers[89]. It also
contains a distributed trust model for peer-to-peernetworks that enablespeers
to maintain a "web of trust"[14 ].

JXT A Shell
The JXTA Shell is a framework for running and testing JXTA applications,

and for getting familiar with the JXTA project. It givesusersdirect interactive
accessto the JXTA network through a command line interface[81]. This can
be usedfor testing purposeswhen developing a custom application, as the shell
provides the programmer with the possibility of manipulating his application
directly.

4.1.2 JXME

JXTA for J2ME (JXME) is a very lightweight implementation of JXTA for
mobile devices. It is speci�cally aimed at devices that do not have enough
computation and/or communication resourcesto participate in the network
on their own. JXME is currently implemented in part on the CLDC/MIDP
platform, and aims to provide full JXTA functionalit y through the use of a
relay host.

JXTA Network


Relay host

Relay host


High-end

handheld


Workstation


Workstation


Mobile phone


Mobile phone


Mobile phone


Mobile phone


Mobile phone


Figure 4.1: Use of relay hosts in JXME

In �gure 4.1, a small JXTA network is shown. It consists of two regular
workstations and a high-end PDA, which participate in the JXTA network
directly. In addition, two relay hosts are shown. The mobile phonesare not
connecteddirectly to the JXTA network. Rather, the relay hosts act on their
behalf. All messagesintended for the mobile devicesare received by the relay
host. Becauseof limited processingresources,mobile devicesmost often do
not have an XML parser. Messagespassedin the JXTA network are in XML
format, so the relay host must pre-processmessagesbeforeforwarding them to
the mobile device. Between the relay host and the mobile device, a compact
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binary format is used. The relay host also�lters messagesthat the mobile device
does not need. This saves bandwidth and processingresourcesat the mobile
device, and speci�cally reducescosts when the mobile device is connectedvia
a network that charges its customers basedon tra�c amounts [7]. A mobile
phonemay useany available relay host, and may disconnectfrom the relay host
and return at a later time. The relay host will then cache any messagesintended
for it, and deliver them when the phone is connectedagain. This behavior is
very advantageouswhen mobile phonesare connectedto the Internet by means
of unreliable physical networks such as GSM. But it is also the reason why
JXME is not found suitable for use in this development process.Each peer in
the ad-hoc network needsto be truly independent of other hosts.

JXME provides a small API that gives accessto the most used features in
the JXTA API[80]. The JXME API consistsof only three classes,which are
abstractions of messages,elements and the peer network[79].

4.1.3 The Pro em platform

Proem is a platform for developing and deploying P2P collaborative applica-
tions in a mobile ad-hoc networking environment. The platform is developed
at the WearableComputing Laboratory at the University of Oregon. The main
objective of Proem is to provide a common platform for rapid development of
applications for ad hoc network environments. The platform is implemented in
Java, and can be run on various wirelessmobile devices. Proem is designedto
be independent of underlying network transport protocols, and can be imple-
mented on top of TCP/IP , HTTP , Bluetooth and others.

The Proem application environment consistsof three major components:

Pro em Run time En vironmen t (P eerlet Engine)
The P2P applications that run on top of the Proem platform are called peerlets.
These are hosted in the peerlet engine, which is responsible for instantiation,
execution and termination of peerlets. It also controls the discovery of peers
and users,the communication betweenpeerletsand the peerlet user interfaces.
The peerlet enginemust run on every peerin the Proem network. Peerletsreact
to and communicate via events. The peerlet engine �res events to peerlets as
a reaction to changesin its internal state or as a reaction to messagesreceived
by remote peers. Peerletsare noti�ed of and handle event asynchronously.

Pro em Applications (P eerlets)
The Proem application environment is based around the notion of peerlets.
These are simple structured P2P applications that follow an event-based pro-
gramming model. Peerlets function as communication end-points, as shown in
�gure 4.2. The main task of the peerlets is to interact with other peerlets,
running on other mobile devices(other peersin the network). Each peerlet has
to implement a application-speci�c peerlet protocol. Only peerletsthat support
the sameprotocol will be able to communicate.
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Figure 4.2: Relation betweenPeers,Peerletsand Peerlet Engines

Pro em Peerlet Dev elopmen t Kit (P eerlet framew ork)
The Peerlet development kit is a set of high-level Java APIs for rapid develop-
ment of peerletsthat can be executedby the peerlet engine. The development
kit provides an extensive collection of Java interfaces and classesfor naming,
communication, data management and event handling.

Kortuem and Schenider et.al.[29] lists the following objectives as the most im-
portant for the Proem platform:

High-lev el developmen t supp ort Proem aims to a platform that facilitates
development of mobile P2P applications.

Adaptabilit y The platform is intended to be easyto adapt to changesin the
operating environment, such as the suddenavailabilit y of new methods of
connectivity.

Univ ersalit y Proem can be used to develop a wide range of di�eren t appli-
cations, and is not constrained to just one speci�c type of application
development.

In terop erabilit y With the Proem platform, interoperabilit y betweenhetero-
geneousdevicesand software platforms can be realized.

Platform indep endence Proem is designedto be platform independent, in-
cluding both programming language, system platform and networking
platform.

Extensibilit y The core components of Proem should be modifyiable for de-
velopers.

Mobile Pro em Platform

Although ad-hoc networking and P2P computing dealwith similar issuessuch as
discovery, routing and information dissemination, there is not much overlap in
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research. The unique requirements of ad-hoc networks require highly adaptable
P2P systemsthat can react to changesin connectivity and resourceavailabil-
it y in a timely and ongoing manner. The Proem mobile P2P platform is an
e�ort to integrate both theseresearch areas. The Proem mobile P2P platform
is designedto run on PersonalJava or similar Java platforms, such asJDK 1.1.8.

For a detailed description of both the underlying concept and the technical
details of the Proem platform, Kortuem[52] is recommendedreading.

4.1.4 Other platforms

Another P2P platform, called RockyRoad[15], has a set of features similar to
that of JXTA. The main di�erence is that RockyRoad can be deployed to wire-
lessdeviceswith both Palm OS and Pocket PC operating systems.This makes
RockyRoad an interesting platform, but development is still in the early stages,
and the project seemsto have little momentum at the time being. This makes
it lesssuitable as a development platform for this thesis.

Other platforms have similar goals but other approaches. Lyngstad[55,
Ch.4] mentions a platform developed on top of another interesting technology
developed by Sun Microsystems;Jini[59]. The Anigha Project[64] is working on
a distributed computing infrastructure designedspeci�cally to support collab-
orative applications running on wirelessad hoc networks of mobile computing
devices.More details on this and the underlying conceptsis provided by Kamin-
sky and Bischof[48, 47]. The Anhinga project has not yet produced a mature
platform that can be usedfor further development, and is thereforenot suitable
for use in the forthcoming development process.

4.1.5 Choice of P2P platform

When choosing between the various P2P platforms, somecharacteristics were
seenasessential for the future platform of choice. Thesewere the requirements
determining the platforms suitabilit y:

� Abilit y to run on available mobile platforms. Needsto be able to run on
resource-constraineddevicesthat are currently available.

� Must support the use of wireless ad-hoc communication. The platform
must be able to support communication in a wirelessad-hoc network.

� Required programming language. Should enable the development of ap-
plications in a programming languageI am familiar with.

� Peersmust be truly autonomous, the ad-hoc network be completely de-
centralized. This meansthat the entire platform and the developed appli-
cation must beable to run on the mobile device,with no needfor external
resourcessuch as servers or other.
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The peersinvolved in the future system will have to be truly autonomous.
JXME is intended for mobile devices that do not have enough computation
and/or communication resourcesto participate in the network on their own.
Also, previous experiencewith this platform concluded that the platform was
not yet mature, and was missing important features in its API (Fossum and
Nipen[28, Ch.9]). This was the reasonwhy this platform was found not to be
suitable for use in the future development process.

JXTA and Proem are similar in their overall approach, but their goalsare
di�eren t. Both JXTA and Proem are P2P platforms as opposed to speci�c
applications. JXTA has a broader scope and is more generic; it is intended as
a common communication infrastructure for P2P applications, covering a large
number of hardwareplatforms, networks and applications. The Proemplatform
hasthe more narrow focusof ad-hoc networks and collaborative networks. Both
platforms are protocol-based;they de�ne application-level communication pro-
tocols. There are alsosomefundamental di�erences betweenthe two platforms.
The JXTA platform hasits strength in support for developing P2P applications
for semi-stableenvironments like the Internet. Proem, on the other hand, fo-
cuseson the person-to-person collaboration aspect of communication and is
designedfor highly dynamic environments, such as those of ad-hoc networks,
with their constantly changing topology and changesin resourceavailabilit y.
Becauseof JXTA's more genericapproach, this platform is more low-level than
Proem, and will require more time to develop P2P applications.

All in all, this makesProemthe most suitable P2P platform for future devel-
opment. With the light-weight version of JXTA not found suitable, the Proem
platform's abilit y to run on resource-constraineddevices is a �nal important
reasonwhy this platform is chosenfor future development.

4.2 Op erating systems

The characteristics and features of a given mobile device is to a large extent
determined by which operating system it uses. Di�eren t mobile devicesfrom
di�eren t vendorswill have very similar features if they usethe sameoperating
system. Becauseof this, a short review of the relevant operating systemswill
be conducted �rst. Becauseof the restrictions madeby the choice of P2P plat-
form, only the operating systemsthat support Java 2 Standard Edition (J2SE)
or PersonalJava are relevant for this thesis.

With the restriction of support for either J2SEor PersonalJava, wide-spread
operating systemssuch asPalm OS and Symbian OS are not found suitable for
use in the forthcoming development process. Both of these operating systems
support the development of applications in their native programming language
(C and C++), in addition to Java 2 Micro Edition (J2ME) in various editions.
The remaining alternativesarethen the Microsoft WindowsCE OS1 and various

1Windows CE is the name of the OS, while Pocket PC is the product name of a given
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open-sourceimplementations of Linux.

Pocket PC 2002
Pocket PC can be found in a large and growing number of high-end PDAs.
Several large manufacturers such asHP/Compaq, Toshibaand Fujitsu Siemens
all manufacture Pocket PC devices. Pocket PC 2002 has a Windows XP-lik e
userinterface,and includeshandwriting-recognition software that lets you write
whole words or even sentences rather than single characters. It also has a
on-screenkeyboard for input using the pen that all PDAs with touch-screens
include.
The Pocket PC OS can be extendedby a wide range of applications. Amongst
theseare various Java Virtual Machines, which enablesa Pocket PC device to
support Sun PersonalJava. This version of Java roughly resembles the JDK
1.1.8 version. Support for J2ME can been added by a 3rd-party extension
called the Mobile Foundation[78]. Pocket PC 2002purports to monitor RAM
usageand closeidle applications as necessary, but the performanceis found to
be reduced after sometime of use. The minimum hardware requirements are
higher than thoseof the Symbian and Palm operating systems,and battery life
is not as good. But a Pocket PC system has o�erings that are hard to �nd in
Palm-powered PDAs.

Lin ux OS
Embedded Linux[16] is oneof several open-sourceoperating systemsthat can be
usedon mobile devices.The OS is still in early stagesof development, but the
Embedded Linux Consortium (ELC) is actively working on the speci�cation
for this operating system. Embedded Linux can be used on a wide range of
devices,and have very low minimum hardware requirements. Being a scaled
down version of the original Linux, it could also provide a very good devel-
opment platform for mobile device applications. With the right compilators,
development could take place in almost any language,and support for J2ME
or even J2SE is feasiblewith the su�cien t hardware resources. [1] provide an
comprehensive overview of Linux distributions for mobile devices.

Other alternativ es
The computing department of Lancaster University[83] o�ers an overview of
various Java distributions for Pocket PCs. An interesting alternative here is
the SavaJeXE distribution, which o�ers full J2SE1.3.1support. It runs on top
of the SavaJE OS[82], which is implemented in Java, and can be installed on
Pocket PCs. This does however require that the operating system is installed
on the mobile device,and this can be a time-consuming process.

version of this OS, much lik e Windows 2000 and Windows XP are product versions of the
operating system Windows. The current version is called Pocket PC 2002, and this name will
be used from here on
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4.3 Mobile devices

This section presents an overview of available mobile devicesthat can be used
to host the future prototype. Thesedevicesneedto be able to support wireless
communication and the programming languageof choice. They will also need
to be powerful enoughto provide a reasonablygood user experience. This will
set hard requirements to the CPU and the amount of memory. A large screen
and a small and light-weight devicewill also be preferable.

There are a lot of di�eren t models available, from simple mobile phonesto
various kinds of Personal Digital Assistants (PDA) and hybrid models. Hy-
brid models are devicesthat incorporate both PDA and phone functionalit y.
The constraints from the previously chosen P2P platform will severely limit
the number of available mobile devices. The chosenProem P2P platform has
speci�c requirements for the following properties of the mobile devices:

� Must support fast wirelesscommunication

� Need to support J2SE or PersonalJava

� Need enough memory and processingpower to handle a comprehensive
platform

With regardsto the choiceof programming language,it is important to note
that J2ME will not be su�cien t for development. This is important since the
majorit y of the mobile devicesavailable support this language,due to its low
requirements to the hardware. The reasonsfor J2ME not being suitable for use
in this development processare threefold:

1. Limited networking support. With the pro�le used by most mobile de-
vices,the Mobile Information DevicePro�le (MIDP) 1.0, the only network
capability is that of HTTPConnection, which enablesthe application to
receive and send GET and POST-requests using the HTTP transport
protocol, which is a request{responseprotocol. J2ME does not include
a http server, so the J2ME device cannot open ports to listen for HTTP
requests. This meansthat the device must use active polling to be able
to receive messages.The Proem platform will require far more compre-
hensive network support.

2. No interface to wirelesscommunication. The MIDP 1.0 speci�cation is
general, and each vendor can chooseto add features as they see�t. No
vendorshave yet added interfacesto the Bluetooth or WLAN capabilities
of their devices. This meansthat the application will not be able to use
these. Somevendors o�er Standard Development Kits for their devices
that include the possibility of using the wirelessnetworking capabilities,
but theseare intended for applications written in the native programming
languageof the device (often C++).

3. Limited Graphical User Interface. The GUI elements o�ered by MIDP
1.0 is not found to be su�cien t for the future prototype.
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Another programming language, the open-sourceproject Superwaba[37],
can be installed on devicesusing both Palm OS and Pocket PC. This is inter-
esting since it should mean that applications could be run on truly heteroge-
neousdevices,but SuperWaba was found to have the samebasic shortcomings
as J2ME.

Developing the future prototype in the native programming languageof de-
vices is also found not to be a good solution. An example of such would be
to develop the application in C++ on devices using the Symbian OS. This
would restrict the prototype to run on just onetype of device,and not be easily
portable. Another restriction with writing the future application in the native
programming languageis that not many deviceso�er a free SDK, so develop-
ment would be costly. For a more thorough overview of both other operating
systems and programming languages,Fossum and Nipen[28, Ch.3] is recom-
mendedreading.

The following characteristics will be reviewed on each type of device:

� Operating system

{ Driv er support for wirelesscommunication (wlan, bluetooth, IR)

{ Support for programming languageof choice (and P2P platform)

� Hardware support for wirelesscommunication

{ Bluetooth or 802.11bfor ad-hoc networking

� Physical attributes

{ Size- should be small enoughto carry around at the workplace

{ CPU, memory, storagespace

{ screensize

{ methods of user input

In addition to thesecriteria, the availabilit y is of coursean important aspect.
At least one devicewill have to be available for development and testing. Each
review ends with a short discussionof the device's suitabilit y for use in the
development process.
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Compaq IP A Q

Operating system: Microsoft Pocket PC 2002
Supported prog.lang: PersonalJava
Wireless support: Can have both WLAN, Bluetooth and IrD A support,

depending on model.
Physical attributes: Relatively small and lightweight. IPAQ hasa 206MHz

Intel Strong ARM 32-bit RISC Processorand 64 Mb
of RAM. With the OS and default software installed,
around half of this is occupied. This meansthat the
maximum sizeof a application will be around 22 Mb.
240x 320px screen,limited input capabilities (No key-
board, but touchscreen)

Additional features: The OS can be replacedwith an various open-source
Linux OSes. Can also useSavaJE XE, which will en-
able the device to support J2SE. Good software for
syncronization with desktop PC.

Suitabilit y: The most suitable of the devices,becauseof the ma-
ture drivers, support for PersonalJava and the easeof
use.

Figure 4.3: Compaq IPAQ

Sharp Zaurus

Operating system: Linux
Supported prog.lang: J2SE
Wireless support: Can have both WLAN and Bluetooth, depending on

model. Poor driver-support.
Physical attributes: Relatively small and lightweight. 206MHz ARM pro-

cessor,64 Mb of RAM. 240 x 320px screen. Built-in
keyboard.

Additional features: Long list of features. Customizable from command-
line prompt. Supports lots of familiar unix-
functionalit y through its Linux OS.

Suitabilit y: Very suitable, but sadlynot yet available. Better input
capabilities than the IPAQ.
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Figure 4.4: Sharp Zaurus 5600

Palm Tungsten

Operating system: Palm OS 5
Supported prog.lang: J2ME, PDA edition
Wireless support: The TungstenC hasbuilt-in support for 802.11bwire-

less LAN. Tungsten W has phone-capabilities, while
the basic Tungsten T has support for bluetooth.

Physical attributes: 300MHz TexasInstruments OMAP 1510(ARM) pro-
cessor,16 Mb of RAM. 14 Mb of theseshould beavail-
able to applications.

Additional features: The smallest and most lightweight of the PDAs. Very
good screen.No keyboard.

Suitabilit y: The lack of support for J2SE or PersonalJava makes
this otherwise good mobile device unsuitable for this
development process.

Figure 4.5: Palm Tungsten T and W

Other mobile devicessuch as regular mobile phoneswith java-support, are
not found suitable asapplication hosts. The reasonsfor this is their lack of pro-
cessingpower and memory, small screensand limited input capabilities. They
also lack the crucial support for the neededprogramming languages.Although
quite a few of these mobile phones have support for Bluetooth, and in this
way are capableof ad-hoc networking, the limitation in programming language
support make them un�t for use in this development process. The samegoes
for so-called hybrid devices, which although more powerful and with better
screensand more suitable input methods, also lack the support for the needed
programming languages.

Devicesare becoming ever more powerful, and new features are added all
the time. AllAb outSymbian.com has an article[3] of a concept mobile phone
from Mitsubishi with both WLAN, camera, video recorder, and the newest
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Figure 4.6: Nokia 3650,Sony EricssonP800 and SiemensSX56

Symbian OS. This will open for further innovation, and provide even better
opportunities for creating systemsthat can promote and support spontaneous
colllaboration.

4.4 Net work technologies

The networking doneby the prototype will by exclusively wireless. This section
looks at the available enabling networking technologies. Two important stan-
dards are reviewed, as well as the two di�eren t methods of transmitting data.
This sectionwill start by looking at the two IEEE standards802.11and 802.15,
and then move on to the fundamental di�erences in methods for data trans-
mission. Finally, an overview of the relevant implementations of the previously
described standards and data transmission methods is presented.

4.4.1 IEEE 802.15

The goal of the IEE 802.15working group is to establish open communication
standards for Wireless Personal Area Networks[13] (WPAN) for portable and
mobile computing devices. Several special interest groups exists within this
�eld, such as Bluetooth[34], HomeRF[36] and IrD A[9]. The 802.15group has
close connections to these groups, and use input from the industry to �nd
market requirements and possibletechnical solutions. The main considerations
for the new standards is to get low power consumption, small size and low
cost relative to target devices. Speci�ng solutions for problems such as the
coexistenceof several networking technologieson onedeviceand interoperabilit y
between devices is crucial to the successof the standards. Given that good
solutions are found to all these problems, the standards should have broad
market applicabilit y.

With a largeand rapidly increasingnumber of both manufacturers and users
of mobile computing solutions, there is a obvious needfor standards.

With the interoperabilit y provided by the use of standards, both laptops,
mobile phones,PDAs and other mobile computing devicescan have seamless
communications. The Bluetooth speci�cation[33] is the �rst actual implemen-
tation of 802.15.Section4.4.5discussesimportant aspectsof WPAN in general,
and of Bluetooth particular.
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4.4.2 IEEE 802.11

The term IEEE 802.11[31] refers to a family of speci�cations of Wireless LAN
(WLAN) technology, developed by a working group of the IEEE. Becauseof its
origin asan IEEE standard, IEEE 802.11is an important and widely supported
standard. Having a widely supported standard meansthat customerscan have
multiple sourcesfor the components of their WLAN systems. This increases
competition, and the cost of products becomeslower. Another very important
result of the useof standards is interoperability betweenproducts form di�eren t
vendors.

In a heterogeneouswireless network environment, it is essential that the
wirelessproducts involved are interoperable. The Wireless Fidelit y[6] (Wi-Fi)
certi�cation program ensuresthat all products with their certi�cation are in-
teroperable. The testing is conductedby an independant lab, and products are
tested for featuressuch asassociation and roaming capabilities, throughput and
the required encryption. If a product passesthesetests, it is certi�ed asa Wi-Fi
product. This has beena key factor in the standard's widespreadacceptance.
The Wireless LAN Association[10] provides somehistorical background on the
IEEE 802.11standard.

IEEE 802.11de�nes the protocol for two typesof networks; mobile devices
can operate in either independent con�gur ation or infr astructure con�gur ation.
When mobile devicesare operating in the independant con�guration, they com-
municate directly with each other in a simple network where communications
are establishedbetweenmultiple devicesin a given coveragearea, without the
use of an accesspoint or server. The standard speci�es rules that all devices
must follow sothat they all get fair accessto the wirelessmedia. It alsoprovides
methods for arbitrating requeststo usethe media, ensuringthat the throughput
is maximized for all users. This con�guration is usedin a Peer-to-Peerarchitec-
ture, described further in section 4.4.4. This is the most relevant con�guration
for this thesis, sinceall networking done by the prototype will be done in this
con�guration.

In infrastructure con�guration, mobile devicesuseoneor more accesspoints
connectedto a wired LAN to communicate. Theseaccesspoints control the al-
location of transmit time for all stations, and allow mobile devicesto roam from
cell to cell (area of wirelesscoverage). This arrangement allows for point coor-
dination of all of the stations in the coveragearea and ensuresproper handling
of the data tra�c. The accesspoint routes data betweenthe devicesand other
wirelessstations or to and from the network server. WLANs controlled by a
central accesspoint will in most casesprovide better throughput performance.
The useof this con�guration is illustrated in �gure 4.9 and is discussedfurther
in section 4.4.4.

The IEEE 802.11standard doesnot specify technology or implementation,
but simply the speci�cations for the Physical layer and Media AccessCon-
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trol (MA C) layer, as seenin �gure 4.7. In this way, the standard allows for
manufacturers of wirelessLAN radio equipment to build interoperablenetwork
equipment. More details on the layers and their characteristica is found in ap-
pendix A.3.

Figure 4.7: ISO ReferenceModel

As previously mentioned, IEEE 802.11 is a family of speci�cations. The
standard usedby most vendorstoday is IEEE 802.11b(WLAN). This standard
allows for data transmission at speedsup to 11 Mbps. and operate on the 2.4
GHz band.

While 802.11b is the most wide-spread standard today, other standards
are likely to take its position in the near future. IEEE 802.11g is another
standard backed by the IEEE. This standard also operates in the 2.4 GHz
freequencyband, and aims to increasethe data rate while maintaing backward
compatibilit y. Another standard, IEEE 802.11a,operates at speedsup to 54
Mbps and utilizes the 5 GHz band for communication. This standard has
strong North American support, and will compete with similar technologies
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such as HiperLAN2[27] (which is backed by the EuropeanTelecommunications
Standards Institute (ETSI)).

4.4.3 Metho ds for data transmission

The two methods for transmitting data in wirelessnetworking are Radio Fre-
quency (RF) and Infrared (IR). Both of the methods use air as their medium
for data transmission.

Radio Frequency (RF) technology is based on the "radio" section of the
electromagneticspectrum, with speedsranging from 300bits/s and up. RF has
distance limitations, but thesedepend on the technology used. Bluetooth can
have a range of 0,1-100meters, depending on the output power of the device.
Around 10 meters is the most common range for bluetooth devices. 802.11a/b
will have a range of about 100-300meters outdoors, but signi�cantly less in-
doors. Technologiessuch as CDMA[35], GSM[8] and satellite can transfer data
over very long distances. Licensing with regards to the use of bands plays an
important part in this respect, as unlicensedtechnology tend to have a short
range.

Infrared (IR) technology is basedon the "ligh t" part of the electromagnetic
spectrum. Infrared radiation is found in the region between microwaves and
visible light, just below the visible color red. When infrared-enabled devices
communicate, each device will have a light-emitting diode (LED) that trans-
mits the infrared signal as bursts of non-visible light. The receiving devicewill
have a photodiode or photoreceptor that detects and captures the light pulses,
processesthem, and retrieve the information.

What technology is preferable will depend on the application. Both tech-
nologies allow point-to-p oint and many-to-many topologies, and both allow
wireless operation. Kaine-Krolak and Novak[46] provide an overview of the
advantagesand disadvantagesof both RF and IR technology:

RF technology

Adv antages
- Not dependant on line of sight for
transmission
- Longer range
- Not light sensitive
- Not as sensitive to environmental
conditions (bad weather etc.)

Disadv antages
- Interferencefrom other devicesus-
ing similar frequencies
- Lack of security sincetransmission
is done in the air
- Higher cost than infrared
- Licences required for some prod-
ucts
- Lower speedthen wired transmis-
sion

44



4.4 Network technologies

IR technology

Adv antages
- Low power requirements
- Low cost of curcuits
- Simple circuits
- Higher security
- Portable
- Few international regulations con-
straining the useof IR
- High noise immunit y

Disadv antages
- Line of sight
- Blocked by common materials
- Short range
- Light, weather sensitive

4.4.4 Wireless Lo cal Area Net work (WLAN)

A Wireless Local Area Network is either an extension to an existing LAN or
an alternative to wired LAN. It usesRF technology to transmit and receive
data over the air, thus minimizing the neeedfor wired communications. There
are three di�eren t techniques usedby WLAN to transmit data. The two most
commonly used are two variants of Spread Spectrum Technology (SST), both
describedin section4.4.2. The third method is Infrared (IR), descibed in section
4.4.3. According to Held[38], spread-spectrum technology usesmore bandwidth
than conventional narrowband transmission, becausethe signal is spread over
a greater frequency spectrum. This results in a louder signal. For the receiver
to correctly recover the transmitted signal, the parametersassociated with the
spread-spectrum signalbeingbroadcastmust beknown. If theseare not known,
the spread-spectrum signal will appear as static or background noise.

When using WLAN, there are three general wireless LAN architectures to
choosefrom:

Figure 4.8: Peer-to-Peer Wireless LAN

Peer-to-P eer Arc hitecture
As shown in �gure 4.8, mobile deviceswith wirelesscards can establish a sep-
arate, independant network with no central server, whenever the devicesare
within range of each other. The peer-to-peer network becomesa local net-
work becausethe peersmust be within this prede�ned distance to be able to
communicate. This network structure is easyto implement, and requires little
administration or con�guration. However, it has its limitations with respect
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to the tranfer of information becauseof the need for all peers to be within
the limited range of the wirelessnetworking cards. This network structure is
most often used for temporary networks (ad-hoc networking) between a small
number of devices.

Figure 4.9: Using an accesspoint to extend the range of wired LAN

The area of communication in a wirelessnetwork is called a cell. When the
wirelessLAN consistsof onecell, the con�guration is often referredto asa Basic
ServiceSet (BSS). By using an accesspoint, an existing LAN can be extended
to include wirelessdevices. An accesspoint is a gateway betweena wired and
a wirelessLAN. As seenin �gure 4.9, several wirelessdevicescan connect to a
single accesspoint. One single accesspoint can accomodate between 10 to 20
clients that requireme moderate to high levels of LAN access,and up to 50 or
more if each client require a low level of LAN access.By connectingto the wired
LAN through accesspoints, wirelessdevicesgain accessto all resourceson the
LAN, such as local servers, other clients and the Internet and/or Intranet. One
important limitation with wireless devicesconnecting to wired LANs trough
accesspoints, is the limited transmission range of the accesspoints. This is
usually limited up to 100 meters.

Accesspoints can also function as a radio relay to mobile deviceslocated
within a geographicarea. With this arrangement, the mobile devicesare not
required to communicate with one another; instead, they transmit data trough
the accesspoint. This doublesthe useof bandwidth, but it reducesthe required
performanceof the wireless link of each mobile device. This will be practical
when the mobile deviceslack su�cien t power or a good enoughantenna position
to reach all other stations within a geographicarea.
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LAN access via multiple access poin ts
In order to provide wirelessaccessto the wired LAN in a larger area, several
accesspoints can be deployed. Another way of achieving this is to use exten-
sion points. These are similiar to a repeater, relaying signals from a client to
an accesspoint. Extension points are typically usedin buildings or areaswhere
the wired LAN doesnot support the installation of more accesspoints. Such a
network, with multiple cellsis often referredto asa Extended ServiceSet (ESS).

Wireless LANs can be realized with RF technology such as Bluetooth,
802.11b,802.11aand HomeRF,or IR technology such asIrD A. Wirelessadapters
and accesspoints are implemented in PCMCIA, ISA and customPC board plat-
forms. Data speedswill depend on the distance between the client nodes and
the accesspoints.

4.4.5 Blueto oth

Bluetooth[11] is a short-range wireless communication standard that enables
Personal Area Networking (PAN) among a wide variety of electronic devices.
Examplesof such devicesare PersonalDigital Assistants[18] (PDA), mobile and
cordlessphones,headsets,desktopsand notebook PCs, digital cameras,home
appliancesetc. The applications of Bluetooth include eliminating cables/wires
between devices like PCs, printers, modems, projectors, self synchronization
between PDAs and PCs, wirelessly connecting to local area networks (LANs)
through accesspoints and Internet through mobile phones, providing home
networking solutions etc. Many standard and proprietary cabling schemescan
be replaced by the short-range wirelesscommunications methods provided by
Bluetooth.

The cost of incorporating Bluetooth technology via single-chip implementa-
tions into various deviceshas been steadily decreasing. Bluetooth technology
now provides a low cost, low power and low complexity solution for ad-hoc
wirelessconnectivity. Low power consumption enablesthe useof Bluetooth in
battery-driv en applications. The small size allows it to be embedded in small
appliances,while the low cost enablesubiquit y (in deviceseverywhere).

The technology hasgainedwide acceptancefrom the major industry players
in areassuch as telecom, the computer industry, home entertainment, automa-
tiv e industry, health care, automation and almost all sectorsof economy. At
present there are 9 promoter and over 2000adopter membersof Bluetooth Spe-
cial Interest Group (SIG)[34]. The Bluetooth Speci�cation is available royalty
free to encourageBluetooth products.

The technology

Bluetooth wasoriginally invented by EricssonMobile Communications[21]. Their
initial idea was to create a low-cost wirelesscable replacement, but they soon
discovered that the technology also had other areasof applicabilit y; as a uni-
versial bridge to existing data networks, as a peripheral interface, and as a
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mechanism to form small, private ad-hoc groupings of connecteddevices,with
no �xed infrastructure.

The Bluetooth wireless technology includes a universial radio frequency
(RF) interface between various devicesin short-range, ad-hoc networks. The
speci�cation lists both hardware, software and interoperabilit y requirements.

The radio link speci�ed in the Bluetooth speci�cation has a short (around
10m) or optionally medium (around 100m) range. Its maximum capacity for
voiceor data transmissionis 720kbit/s per channel, but actual ratesare likely to
be signi�cantly lower. Bluetooth utilizes the Industrial, Scienti�c and Medical
(ISM) band at 2,4 GHz. This band has world-wide support and is open to any
radio system,with a slight variation in frequencyfrom onecountry to another.

Figure 4.10: An ad-hoc combination of point-to-multip oint and point-to-p oint
Piconets

When two ore more Bluetooth-enablesdevicescome within range of each
other, they can establish ad-hoc connections. These can be either point-to-
point, point-to-multip oint or both. Devicesin the network can be dynamically
added or disconnected. When two or more Bluetooth-enabled devicesshare a
channel, they form what is called a Piconet. Each Piconet will be established
by a di�eren t frequencyhopping channel. In such a network, oneof the devices
assumesthe role of master of the communication, and the others becomeslaves.
This "one hop" network can include up to seven active slavesconnectedto one
master. Although there is no limit on the maximum number of slavesconnected
to one master, only seven can be active at a time. The rest will be in parked
state. Each node in the network (each device) can have multiple roles. It can
for example be a master in one Piconet and a slave in another. In this way,
several Piconets can be connected,with the nodes in master/slave-mode func-
tioning as gateways between the networks. When several Piconets are linked
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together in an ad-hoc network, this is called a Scatternet. An example of such
a network can be seenin �gure 4.10. Up to ten Piconetscan form a Scatternet,
with a minimum of collisions. A node can only be active in one Piconet at a
time. When a node want to operate as a member of another Piconet, it will
needto switch to the hopping frequencyof the other network.

Interoperabilit y between devicesfrom di�eren t manufacturers has beenan
important goal for the Bluetooth speci�cation. This is made possiblethrough
the useof Pro�les, specifying how the devicesshouldusethe Bluetooth protocol
stack. All devicesmust be tested against one or more of the Pro�les to ful�ll
Bluetooth certi�cation requirements. The certi�cation is done to ensureinter-
operabilit y between devicesregardlessof vendor. Becauseof the certi�cation
and the use of an internationally supported band, Bluetooth can be used in
most parts of the world.

Several usagemodels can be envisioned for bluetooth-enabled devices,and
an overview of these are provided in appendix A.4. The most relevant usage
model for this thesis is that of Ad Hoc Networking. Personal Area Networks
(PAN) utilize the possibilities for ad-hoc networking that Bluetooth provide.
Ad-hoc networks are networks that form spontaneously, and a these can have
great utilitarian value. Bluetooth can be an enabling technology for such net-
works, but work still remains to establish interoperable methods for general
networking. This include various issuessuch as routing, name serving, address
assignment and others. [84] give a good introduction to the use of Bluetooth
technology in ad-hoc networking.

4.4.6 Infrared (IR)

Radio frequency(RF) is not the only form of wirelesscommunication available.
The currently most widespreadof such technologiesis Infrared (IR). This is a
low-cost transceiver signaling technology for two way data exchange,used in a
wide range of devices,such as laptops, PDAs, mobile phones,security systems,
point-of-sale (POS) equipment and remote controls.

The Infrared Data Association[9] (IrD A) has speci�ed a standard method
for infrared communication. IrD A consists of over 150 companiesdeveloping
standards for low cost, short range, crossplatform, point-to-p oint communica-
tions with peedsranging from 9600bits/s to 4Mb/s. With the wide acceptance
of these standards, IR has becomecheap to implement and can be found in a
largenumber of devices.IrD A technology is designedfor short-range, low-power
unlicensedcommunications. The IrD A standard speci�es a connection up to
onemeter but many IrD A-compliant products can connectat distancesgreater
than this. It de�nes a physical layer and a software protocol stack designed
to promote interoperable communications. More information on the protocols
found in the software stack can be found in Megowan, Suvak and Knutson[65].
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4.4.7 HomeRF

HomeRF is set of standards speci�ed by a large industry consertia, originally
intended for use in home networks. The basis for thesenetworks is the Shared
Wireless AccessProtocol (SWAP). Products using the HomeRF speci�cation
are designedto have a range of approximately 50 meters, which should pro-
vide full coveragein most normal houses. Like the 802.11standard, HomeRF
utilizes the 2.4GHz ISM band, allowing for transmissiontrough 
o orsand walls.

SWAP is designed to support both voice and data, and to interoperate
with the public switched telephonenetwork. In an HomeRF environment, the
gateway between the the wirelessnetwork and the public switched telephone
network is called an connection point. The HomeRF wirelessnetwork supports
up to six simultaneous full-duplex voice calls in addition to data. A total of
127 devicesof various types can be supported by a HomeRF network. SWAP
usesFrequencyHopping SpreadSpectrum (FHSS) for transmission of data.

The HomeRF was meant as a cheaper and more convenient alternative to
products basedon the 802.11standard, but it was not the standard chosenby
the majorit y of manufacturers. This led to a decreasein HomeRF's momen-
tum, and the HomeRF Working Group �nally disbanded January 2003. The
HomeRF Working Group is no longer developing, promoting or distributing
the HomeRF speci�cation, but HomeRF is available through university part-
ners who may study and expand upon it.

4.5 Choice of technology

With the Proem platform chosenasthe P2P platform for development, most of
the other choicesof technology weregiven. The original versionof the platform
will run on J2SE, but a mobile version can run on PersonalJava or versions
of Java with similar functionalit y (JDK 1.1.8). The choice was then narrowed
down to devicesthat could support theseprogramming languages.This ruled
out all mobile phones and PDAs based on either Symbian OS or Palm OS.
The restriction of most deviceswas not the hardware, but the software they
used. Several mobile devicescould have their operating system replacedwith
a small Linux distribution and in this way support the neededprogramming
languages. But the option of changing operating system on a mobile device
was found not to be very interesting, since driver-support for wireless cards
was found to be poor at best. The prefered mobile device for development
and testing was therefore the Compaq IPAQ. The IPAQ's Microsoft Pocket PC
operating systemcan be enhancedby the Jeode JVM, and in this way support
PersonalJava. IPAQ also have excellent support for wireless communication,
through it's support for regular pc-card wirelesscards.
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Scenarios and concept
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Chapter 5

Scenarios for spontaneous
collab oration

A special characteristic of the work done on this thesis is that the possibilities
for both the developed concept and the accompanying prototype implementa-
tion is found during development. In a new research area,a string of new ideas
and new possibilities are discovered during the whole process. This makes it
hard to follow traditional development frameworks when developing both the
concept and the prototype. Although the basic idea of using P2P technology
and mobile devicesin an ad-hoc network to promote and support spontaneous
collaboration has beenthe foundation for the work done, the more speci�c re-
quirements has been found during the development process. In order to �nd
plausible areasof application for the yet-to-be developed prototype, scenario
generation is found to be a good way of starting to describe the speci�cs of the
future system.

The scenariosin this chapter will closely resemble real-life situations, and
are meant to highlight some of the opportunities that exists for the concept
of this thesis. The scenariosare also used to �nd problems that need to be
removed or reducedby applying the conceptof this thesis, aswell aschallenges
to the future implementation.

5.1 Framew ork for building scenarios

This section describesscenariosinvolving spontaneouscollaboration, detailing
the useof mobile devicesfor support. Peter Schwartz[75] lists a number of steps
for building scenarios.His approach is quite general,but someof the stepsare
meant for use when building business-speci�c scenarios. I have adopted the
relevant steps for this thesis, and use these as a framework for building my
scenarios.

Step 1: Deciding on the Question The �rst step in the processis the
identi�cation of a central issueor question. The central question in this thesis
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is: "How can spontaneous collaboration be promoted and supported by the use
of P2P technology and mobile devices in an ad-hoc network?"

Step 2: Iden tifying the Key Factors The secondstep is the listing of
those key factors in the micro-environment that may directly a�ect the answer
to the central question, e.g. "who are the users, and what working environment
wil l the application be used in?"

Step 3: Ranking Factors for Imp ortance and Uncertain t y This step
involvesthe ranking of the factors listed in the previous step. Thesefactors are
weighted for their e�ect on the central question. Which factors will be most
signi�cant in determining the answer? Coupled with this is a rating of the level
of certainty or uncertainty for each factor. Signi�cant factors that are surebets
will probably be present in all possible futures. But signi�cant factors that
are highly uncertain may help us di�eren tiate among the scenarioswe should
create.

Step 4: Detailing the scenario Now it's time to add more detail to the
scenario. We now look at how each of the factors we have found will a�ect the
central question. What wechoseto include in the scenariowill have implications
for later attempts to solve problems discovered in the scenario.

Step 5: Implications This step should summarize �ndings, and identify a
needfor solutions. It is important that this is clearly formulated in the scenario.

Step 6: Re�ning and Rewriting The scenarioshould now be rewritten for
clearity and focus.

5.2 The Scenarios

Esbjornsson and Ostergren[22] emphasizesthe importance of the setting when
applications for spontaneouscollaboration are developed. This have beentaken
into consideration,by using a realistic and well-known environment for the sce-
narios. This should however not restrict the prototype's applicabilit y in other
settings; its featuresshouldalsobeuseful for spontaneouscollaboration in other
environments than the one used in the scenarios. The scenariosare meant to
highlight some of the aspects of spontaneous collaboration that can be sup-
ported with the useof P2P applications running on mobile devices.

The setting of the �rst scenariois the well-known environment of a university
and its surroundings. The university hasa large number of employees,and they
are all knowledge workers. The secondsetting is that of a large conference,
where a large number of unfamiliar peopleare gathered, and where interaction
and collaboration is essential for gaining the maximum bene�t of being present.
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5.2.1 A day at the o�ce

John works as scienti�c assistant at a large technical university. He spends
most of his day in his o�ce, where he is part of a large research project. The
project involves employeesfrom several parts of the university, so the project
participants are distributed over a large area. Most of thosewho work in Johns
group are located at the same
o or, with their own separateo�ces.

For the time being, John is working on a small prototype for the project,
and this includes a lot of advancedJava programming. When he encounters a
problem with his programming, he has several sourceswhere he can look for a
solution. This includes books, websitesand discussiongroups. But since the
nature of his work is very cutting-edge, he often hasproblems�nding what he is
looking for. An important sourceof problem-solving is his colleagues.Through
the useof Instant Messaging(IM), hecancontact his co-workerswithout leaving
his o�ce. But they are often occupied, and there is an unwritten o�ce rule
saying that you should not useIM more than absolutely necessary. If everyone
where to misusethis opportunit y, e�eciency would eventually decline.

Since his colleaguesare also highly educated people that work within the
same�eld, they are likely to have previousexperiencewith someof the problems
that John encounters. But John is often uncertain of who he should ask. He
does not personally know all of his colleagues,and he has no way of knowing
what they all are working on at any given time.

Although all employeeshave their own o�ces, they do not sit isolatedall day.
During lunch-breaksor on their way to do somethingoutside their o�ces, they
frequently meet in the hallways. On these occasions,colleaguesoften engage
in informal chats. Theseinteractions have both a social and a professionalside
to them; colleaguesget to know each other better, and they also update each
other on what they are working on. Current problems and interesting �ndings
are discussed.If John has just beenworking on a problem, he will often discuss
this with the colleagueshe meet, and get their input. This kind of spontaneous
collaboration takes place every day. However, John tends to talk to the same
peopleeach time, and sincethey are not working on the exact samething, they
will often have only generalknowledgeof his problems.

Just recently, all employeeswere given their own PersonalDigital Assistant
(PDA). Theseare meant to be usedfor mobile work. John useshis PDA mainly
as a reminder of meetings, and to store contact information for his colleagues
and businessassociates. The PDA is small and lightweight, soJohn hasstarted
wearing it all the time when at work. It is convenient for useas a sixth sense,
but lately John has started wondering whether it could have other useful areas
of application.

5.2.2 A t the conference

John hasnow �nished his prototype, and he has written a paper that describes
its features and it's role in the project. The paper will be presented at a big
conference,whereJohn hopesto meet fellow researchers from around the world
and get to discusstheir common �eld of expertise. He also hopes to establish
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connectionswith other researchers for later correspondance.

When he arraivesat the conference,John is overwhelmedby the sizeof the
conferencearea. Thousands of participants are gathered in a large exhibition
hall for the welcoming speeches,and several large nearby auditoriums are used
for individual presentations. John has already made a prioritized list of which
presentations hewants to attend. At thesepresentations, hegetsin contact with
researchers that happen to sit nearby. They are all required to wear a badge
with their name and home university, but this is not enough to get a good
indication of whether they can be interesting for discussionand collaboration.
Asking peopleon random is not a good solution. Not all of the peopleJohn gets
in contact with are working on the sameproblemsashe is, but they still provide
interesting ideasand input. However, John wisheshe had someway of knowing
who shareshis own �eld of expertise. Also, he thinks there should be someway
of knowing what projects all participants are currently working on. This would
have made it easierto establish contact with the right people, and all parties
would gain more from the conference.Another problem from Johnsperspective
is that most attendendants tend to interact mainly in pre-arranged meetings.
Thesemeetingsincludesa largenumber of researchersand, although interesting,
they are alsoboth time-consumingand focusedon a pre-setnumber of subjects.
John useshis ever-present PDA to make notesof interesting presentations, and
to store contact information for the peoplehe has met.

5.3 Discussion of scenarios

Both scenariosare basedin an academicenvironment. These were chosenbe-
causethis is an well-known environment, and becausethis environment consists
of a knowledge workers. Knowledge workers create, transform and repackage
information, and are dependent on collaboration and communication with oth-
ers to do a good job. The useof an academicbackground for the scenariosdoes
not meanthat the future prototype will be applicable only to this environment.
All environments wherethe sharing of information is an vital part of work could
potentially bene�t. Both these scenarioshighlight several interesting aspects
with regards to spontaneous interaction and collaboration. This section takes
a closer look at these.

Disp ersed lo cations With a large working area with separate o�ces, the
number of chance encounters will decrease. Employeestend to stay in their
o�ces, without a good overview of what the others are working on at a given
time.

Unfamiliar co-w ork ers The lack of knowledgeof current working tasks can
often be a result of co-workers not knowing each other. Social barriers can
prevent useful interaction. If an employeeshave a problem, it can be hard to
know who to ask.
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Hidden kno wledge Again, it is hard to keeptrack of what your co-workers
are doing at any given time. Also, there can exist hidden knowledge; undoc-
umented knowledge that employeespossesswithout this being known to their
co-workers.

Lack of initiativ e Not all chanceencounters will lead to collaborative inter-
action, and this can in part be due to lack of initiativ e. If employeeshad a tool
that would give them somesort of notice of impending opportunities for col-
laboration, this could increasethe number of chanceencounters being usedfor
spontaneouscollaboration. Such a tool could quite simply compare its owners
current tasks with that of nearby co-workers, and notify its owner of upcoming
possibilities.

Poor short-time memory Most humanshave a limited short-time memory,
and many employeeswill rely on small notes or todo-lists to keeptrack of their
current tasks and challenges. When the chance for collaboration occurs, the
people collaborating will often not be able to remember all the things they
should ask each other.

5.4 Future scenarios

This section describes scenarioswhere an application for promoting and sup-
porting spontaneous collaboration has been applied. The application is de-
ployed on the mobile devicesthat every employee always wear. The purpose
of the scenariosis to show how the useof the mobile device with its belonging
applications can reduceor remove the problems found in the previous section.
Thesescenarioswill in this way be examplesof how the conceptsof this thesis
can be used in real life. They are the foundation for the requirements speci�-
cation found in section 7.5.

5.4.1 A day at the o�ce

John and all his colleaguesjust recently installed an application called Pro-
MoCoTo (Pro-active Mobile Collaboration Tool) on their mobile devices. The
main objective of this application is to promote and support spontaneouscol-
laboration.

John has now started working on a secondprototype, more advancedthan
the previous one. He gained useful experienceand knowledgefrom developing
the �rst prototype, and this is very helpful in the work on the secondprototype.
Although he has now becomequite an expert on this �eld of programming, he
still frequently encounters problems he �nds no immediate solution to. When
this happens, John adds the problem as keywords in a search criteria in his
professional pro�le in ProMoCoTo. With ProMoCoTo installed, the mobile
device now has the abilit y to match pro�les, and in this way initiate interac-
tion betweenco-workers with matching query and skills. The professionalpro-
�le contains personal details and a detailed list of skills and current projects.
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Whenever John's search criteria is matched in another personspro�le, he will
be noti�ed. When he decidesto initate contect, this often leads to informal
interaction, and in most casesvaluable spontaneouscollaboration. The use of
this tool has discloseda lot of hidden knowledgeat the university, and as more
and more of the employees has seen the utilitarian value of this, they have
becomeeagerto keep their pro�les updated. The social barriers for initiating
interaction with strangers have been reduced, since they now know that the
other party can be a useful collaboration partner.

5.4.2 A t the conference

Onceagain, it is time for John to go to a large conference,with researchersfrom
all over the world attending. The conferenceorganizerhasasked all attendants
to install ProMoToCo on their mobile devices in advance of the conference.
When John arrives,he �nds that most of the others have indeed done so. The
conferenceconsists of the usual presentations, group meetings and informal
chats with fellow researchers. But this time, John �nds it much easier to ini-
tiate contact with the right people,thanks to his mobile deviceand ProMoCoTo.

When installing ProMoCoTo, John had to set up his professional pro�le .
This pro�le contains details about the owner of the mobile device, such as
contact information and �eld of expertise. It also contains an updated list
of current projects and a detailed lists of skills related to the owners �eld of
expertise. This pro�le is matched with other pro�les on other devicesnearby.
The owner of a mobile device can now set speci�c criteria for when he wants
to be noti�ed. When John meets someonewith the same or closely related
�eld of expertise or similar projects as himself, his search criteria is matched
and he is noti�ed of the nearby presenceof potentially interesting collaboration
partners. On the �rst day of the conference,John found that he was noti�ed
far to often, and he has to specify a more his speci�c search criteria. Once
contact is initiated, John �nds that having the other party's pro�le at hand is
a valuable resourceduring conversation. Keywords from both projects and the
list of skills are usedfrequently during conversation.

5.5 Challenges found

Thesescenarioshas shown how the future prototype can be used,both at the
workplace and in other settings. Several challengesfor the future implemen-
tation and practical use of the prototype have been identi�ed, as summarized
below:

5.5.1 Social challenges

- Make all employeesuseProMoCoTo.

- All usersneedto keeptheir pro�les updated at all times.
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5.5 Challengesfound

- Enable trust, usersshould be able to choosewhat they want to disclose
to others.

5.5.2 Technical challenges

- Enable devicediscovery through the useof ad-hoc networks.

- React to changesin context, such as new peerscoming within range, or
other peersleaving.

- Performing search for matching peers.

- Handling user input and output.

- System and its GUI should support a large number of simultaneous con-
nections.

- Systemneedsto be su�cien tly responsive.

- Information exchange between the mobile devices must be very quick,
the amounts of data must not be to large. Opportunities for information
exchangecan a very limited duration.

- Application need to have methods for handling partial information ex-
changes.

- The application should run on hetergenousmobile devices,to increaseits
applicabilit y.
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Chapter 6

Details on concept

This chapter provides the details on the envisoned concept for promoting and
supporting spontaneouscollaboration. Several related conceptsweredeveloped
during the early phasesof this thesis,and scenariosand related challengeswere
found for these. But the focuswaseventually set on oneof the concepts,as this
was found to include the basic idea of promoting and supporting spontaneous
interaction and collaboration. The other concepts were similar in idea, but
focusedon other aspects. Someof theseare discussedin section 9.3.2.

6.1 ProMoCoT o: Pro-activ e Mobile Collab oration
Tool

Pro-activ e The implementation of this conceptshouldbeoperatepro-actively,
meaning that it can perform important tasks without user intervention.
This includes the discovery of possiblepartners for collaboration and the
creation of ad-hoc networks wherespontaneouscollaboration can be con-
ducted.

Mobile The concept is basedon the use of small and lightweight mobile de-
vices, which can be carried around wherever the user goes. This mobile
device will support wirelessnetworking, and in this way enabling ad-hoc
networking. A P2P application is deployed on mobile devicesto promote
and support spontaneouscollaboration.

Collab oration The objective of this concept is to promote the collaboration
that can occur when co-workers meet by chance and engagein sponta-
neous,informal interaction.

Tool The implementation of the concept is meant as a tool for everyday use,
with mutual bene�t for all users.

In large work places,co-workers will not always know all the skills of their
colleagues.Also, dispersedlocations and unfamiliar co-workers will lead to un-
su�cien t awarenessof what the others are working on at a given time. This
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reducesthe potential for collaboration. The social barrier of starting a con-
versation with unknown people will also be a hindrance for the initation of
informal interaction and potential collaboration. In order to raise awarenessof
the various employeesskills and their current projects, each employeewill have
their own mobile devicewith an application called ProMoCoTo installed on it.
Their mobile devicesare always on, and are carried around at all times.

The application holds a pro�le containing details on the owner of the mobile
device. This "professional pro�le" will contain information such as the owner's
name, employer, current projects and other. It will also include a detailed list
of the owner's professionalskills. Each employeemust keephis own pro�le up-
dated, listing new knowledgeasit is aquired. The owner of the devicemust also
sethis preferences,wherea search criteria is a vital part. If the owner of the mo-
bile devicewants to comein contact with other co-workers that match a speci�c
search criteria, this criteria can be speci�ed in the ProMoCoTo preferences.

When two or more co-workers meet, their mobile deviceswill be discover
each other and create an ad-hoc network. This is done without any user in-
tervention. The two or more devicesin the ad-hoc network are now treated as
peers,with each devicebeing a peerin the P2P network. The various entities of
ProMoCoTo will immediately start to exchangemessages.The initial message
will contain a query, and this query is run against the local pro�le of each peer.
If a match in the local pro�le is found, the pro�le will be sent to the remote
peer who sent the query.

Queries are exchanged


Results of queries are

returned


The query of Peer 1 found was

matched in the profile of Peer 2.


Peer 2 sends his profile to Peer 1.


Figure 6.1: An exampleof a messageexchangebetweenpeers

When a pro�le hasbeenreceived, the user is noti�ed, and becomesaware of
the nearby possibility for interaction and collaboration. The knowledgeof both
parties having a common interest in the search criteria is thought to lower the
social barrier for starting a conversation. This will disclosehidden knowledge
in a organization, and promote collaboration through the increasedawareness
of your co-workers knowledgeand current projects.

In tended user group and working environmen t
The target group for such a systemwould be peoplewho work with information
every day. This will include a large number of workers, sincegetting the right
information is an essential part of many jobs today. Sincethe systemis deployed
on mobile devicesthat can be carried around wherever the owner travels, the
systemshould have utilitarian value in most environments. But it will be most
useful in workplaces with a large number of employees located at a limited
geographicalarea.
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Chapter 7

The developmen t of a
protot yp e

This chapter describes the processof developing a working prototype. Com-
ments on choices made during both the design and implentation phase are
provided.

7.1 Design approac h

It is hard to predict how a new systemwill a�ect the environment it is applied
to, and how it will be received by end users. Without the experiencesgained
from previous similar implementations, there is a lot of uncertainty related to
the deployment of a new system. The implementation of the conceptdeveloped
in this thesishasno known previouswide-spreadimplementations. As shown in
in section 3.1, somesimilar systemshave beendeveloped for testing purposes,
but no commercial products have yet becomewide-spread. This leadsto great
uncertainity with regardsto the utilitarian value of such a system. Also, there
is uncertainity as to both what the system should actually do in order to best
promote and support spontaneouscollaboration, and how this should be done
in the best possibleway.

According to Sommerville[76], a careful requirements analysis along with
systematic reviewscan reducethe uncertainty about what a systemshould do.
But there is no real substitute for trying out a requirement before commiting
to it. This is possibleif a prototype of the system to be developed is available.

This thesis describesa concept for promoting and supporting spontaneous
collaboration through the applianceof P2P applications on wirelessmobile de-
vices with the abilit y to form ad-hoc wireless networks. In order to provide
proof-of-concept,a working prototype is developed. A prototype will serve as
a working demonstration of the feasability and usefulnessof the �nal systemto
endusers. Its purposeis to show that mobile P2P technology on devicescapable
of utilizing ad hoc wirelessnetworks can be usedto promote and support spon-
taneous collaboration. The prototype is also usedas a meansof requirements
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validation. The results of this are found in the sectionscovering testing results
(8.4) and generaldiscussion(9.4). This section describes the design approach
for developing this prototype.

Establish

prototype

objectives


Evaluate prototype
Develop prototype

Define prototype


functionality


Prototyping plan
 Evaluation report

Executable

prototype


Outline definition


Figure 7.1: The processof prototype development

By following the processshown in �gure 7.1, a prototype will be designedand
implemented. With referenceto the �gure, the following provide more details
on how this is achieved.

Establish protot yp e ob jectiv es
As previously mentioned, the prototype have three main objectives:

� Show utiliarian value, "pro of-of-concept"

� Discloseweaknessesin designor implementation

� Show needfor extensionsor provide new ideas

The objectives are intentionally left loosely de�ned, since there is a fair bit
of uncertainty involved in the development process.The resulting prototyping
plan is found in section 7.1.2.

De�ne protot yp e functionalit y
In this step of development, one will decide on what to include and what to
leave out of the prototype system. Sommerville[76] mentions that it is common
practice in prototype development to relax non-functional requirements such as
responsetime and memory utilization. Error handling and management can be
ignored, and the standards of reliabilit y ans program quality can be reduced.
All of this is done to reducethe time spent on each iteration of the prototype.
The intended �nal prototype functionalit y is outlined in the requirements spec-
i�cation, and the intended functionalit y for each incrementation is described in
the prototyping plan, found in section 7.1.2.

Dev elop protot yp e
Each iteration should lead to a working prototype, and each iteration will add
more features. As the prototyping plan shows, the various iterations of the pro-
totype are intended for di�eren t platforms with regards to both programming
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language version and mobile device (with their di�eren t operating systems).
They will also be able to perform ever more complex tasks.

Evaluate protot yp e
A quick evaluation of the prototype is done after each iteration. This is de-
scribed further in section7.6.2. The evaluations will give a an overview of what
is left to implement, what can be addedto the list of features,and what should
be left out. These smaller evaluations will provide a good foundation for the
creation of a plan for evaluation of the �nal prototype.

7.1.1 Details on approac h

The traditional waterfall method of development wasnot found to bewell suited
for the this development process.Although this method of software engineering
uses feedback loops between stages in development and attempts to con�ne
these to successive stagesto minimize the expensive rework involved in using
feedback gatheredacrossstages,there areseveral problemsrelated to this model
that makes it lesssuited for use in this development process:

� The waterfall method perceives the design processas orderly and man-
ageable. This is clearly not so for this development process,where both
the inital requirements and the limitations of an implementation is not
known before testing has beencarried out.

� The waterfall model erroneously assumesthat application requirements
can be clearly and correctly de�ned early in the development process.
This is also very hard in this development process,since requirements
for an actual implementation will rely on what is found to be possibleto
implement.

� The waterfall method puts a strong emphasison full documentation as
completion criteria for the requirements and design stages. The devel-
opment of a proof-of-conceptwill not rely on a well documentated code
base,although this is of coursepreferable. Short development time be-
tweeneach prototype iteration is more important.

The approach chosen for the development of a working proof-of-concept
for this thesis, is that of evolutionary prototyping. A general overview of the
steps involved in this kind of prototyping is found in �gure 7.2. According to
Sommerville[76], this kind of exploratory programming is the only realistic way
to develop systemswhere it is di�cult (or impossible) to establish a detailed
systemspeci�cation. The approach is also well suited for small projects with a
short lifetime.

As shown in the �gure, the development will start with an abstract speci�-
cation. This speci�cation is the requirements speci�cation found in section7.5,
which albeit being detailed, is abstract in the sensethat it is developed on the
basisof the scenariosin section 5.4. The speci�cation is followed by an initial
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Develop abstract specification
 Build prototype system
 Use prototype system


Deliver system

System


adequate?


NO


YES


Figure 7.2: The basic stepsof evolutionary prototyping

implementation, which will be re�ned through many stagesuntil an adequate
system has beendeveloped.

An important di�erence betweenthis approach and that of more speci�cation-
baseddevelopment is in veri�cation and validation. Veri�cation is only possible
when the system is compared with its speci�cation. A system created with
evolutionary prototyping will often have a very abstract speci�cation, making
veri�cation hard. The veri�cation of the speci�cation for this system will be
basedon the requirements speci�cation, and can be found in section 9.1.2. A
validation should demonstrate that the developed system is suitable for its in-
tended purposerather than its conformanceto a given speci�cation. This is
the main purposeof testing the prototype in chapter 8.

In the early phasesof development, the most important aspect is to get familiar
with the involved concepts,programming APIs and necessarytools. Implemen-
tation will start with the parts of the system which are understood and can
be realized at an early stage. The system will then evolve by new features be-
ing added in an iterativ e and incremental manner. This is a good solution for
exploring a new domain, for �nding new possibilities and for solving technical
problems and realizing new conceptsin a quick way.

The method of evolutionary prototyping in its original application involves
testing the prototype on end usersafter each iteration. This is not found useful
for this development process,since the prototype will have little utilitarian
value for end usersbefore the �nal iteration, where the prototype is deployed
to the actual mobile device. Instead, thorough testing is to be performed by
the developer after each iteration. This should help to �nd errors and to enable
the developer to constantly re�ne both the design,the architecture and the list
of features.

7.1.2 Protot yping plan

This section o�ers a simple overview of the incremental development of the
working prototype. The actual problems encountered during the implementa-
tion of each of theseiterations, and their solutions, is found in section7.6. The
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7.1 Design approach

testing of each of the early prototype iteration is described in section 7.6.2,
while the �nal prototype is tested in section 8. Due to the many uncertainities
related to the developement of the prototype, the details on each iteration are
intentionally not very detailed. The order of the iterations is basedpartly on
the priorit y of tasks found by applying the MOWAHS characterization frame-
work in the forthcoming section 7.3.3. The order is also based on the fact
that the development environment must be up and running before an actual
implementation can be performed. Obviously, the most important and fun-
damental features must be implemented �rst, and the MOWAHS framework
showed which features thesewere.
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Iteration Ob jectiv es Actions
1 Make the Proem Platform run in

JDK 1.3.1. Get an overview of the
Proem API.

Set up the environment, run example
peerlets.

2 Experiment with the networking ca-
pabilities of Proem platform. The
Peerlet-entities should now discover
each other and exchangemessages.

Run several entities of the example
peerlets on local machine. All con-
�guration �les must be correctly con-
�gured so that entitites will discover
each other. Important to assigndi�er-
ent ports to the di�eren t entities of the
peerlet.

3 Implement �rst versionof own peer-
let. This �rst version should be run
on several entities of the Peerlet En-
gine, and use JDK 1.3.1 (which is
the intended JDK for the Proem
platform). Peerlet-entities should
discover each other and exchange
simple messages.

Setup environment, createsimple GUI.
Create own protocoltype, de�ne mes-
sages. Make the peerlet-entities ex-
changesimple messages.

4 Add more featuresto the protot ype.
The peerlet should maintain a pro-
�le with details on the owner of the
mobile device. Should now be able
to send request-messagesto other
nearby peers. Search criteria can be
set in the peerlet, and theseare sent
in the request-messages.When re-
ceiving such a message,peers will
perform a search on the criterias
it received from the remote peer
and return a valid response-message.
The responsewill tell whether there
wasa match betweenthe search cri-
terias and the information in the lo-
cal pro�le.

A pro�le must be added to the proto-
type, including �le handling and meth-
ods for persistent storage. A complete
set of messagetypes must be de�ned.
The protot ype must be extended with
methods for methods for handling all of
messagetypes.

5 Changes in context should now be
re
ected in the GUI. Remote peers
should be added to a list in the
GUI when they are within range,
and removedfrom the list when they
are outside range. Should now be
able to change details in local pro-
�le through the GUI. Details on re-
mote peers that match search cri-
terias should be visible through the
GUI by double-clicking on the inter-
esting peer. User should be noti�ed
by sound and changes in the GUI
when an interesting remote peer is
within range.

Needto maintain a list of nearby peers.
This list must by completely dynamic,
and its content must be determined by
the methods handling interaction with
other peers. Need to update the GUI
to handle the new features.
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Iteration Ob jectiv es Actions
6 The protot ype should be ported

to JDK 1.1.8 (similar to Person-
alJava). This is donefor later de-
ployment on Pocket PC.

Use only packages included in JDK
1.1.8. The Swing-library from
newer versions of Java must be
added to the development kit for
some GUI-features to work prop-
erly. Compilation-errors that may
arise from the porting to the older
JDK must be corrected.

7 Deploy protot ype to Pocket PC. Development environment on Pocket
PC must be con�gured correctly.
Protot ype must be trimmed to its
minimum size to save memory, leav-
ing only the neededclass-�les. The
basic functionalit y should now be
working correctly.

7.2 Design Goals

The concept of promoting spontaneous collaboration through the use of com-
puter technology holds many uncertainities due to little previous research done
in this �eld. For the implementation part, this has led to the approach of evolu-
tionary prototyping being preferred, as discussedfurther in section 7.1.1. This
method of development will give a developement processwhere short develop-
ment time and testing ever new features will have the highest priorit y. Even
so, the development will follow someimportant principles. Theseare described
in this section.

7.2.1 Implemen tation considerations

The application is intended to be applicable on several di�eren t mobile devices.
These will di�er in features such as CPU speed, amount of memory, amount
of storage space, size of screenand methods of input. They will also have
di�eren t operating systems.Becauseof thesedi�erences, someparts of the ap-
plication will probably have to be platform dependent. It will be preferable if
the platform dependent and the platform independent parts of the application
is separated,to improve portabilit y. It can beassumedthat the implementation
of the GUI will have to di�er on deviceswith di�eren t screensizesand between
devicesfrom di�eren t vendors. A minimal GUI should be developed, with the
restrictions of the device with the smallest screenbeing used as the guideline
for the implementation.

The application should be independent of the network technology used on
the mobile device,as long asan ad hoc network basedon regular TCP/IP com-
munication is used. The underlying Proem platform will handle all communi-
cation with other peers,sothe prototype peerlet should only needto handle the
various incoming messages.This abstraction of the details of the networking
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requires well-de�ned interfacesand a consistent approach to development.

The chosenprogramming languagewill also set restrictions on the develop-
ment of the prototype. The prototypemust bedeveloped with theserestrictions
in mind from an early stage, to avoid future problems. More speci�cally , this
meansthat the early iterations, developed in JDK 1.3.1, must not rely on fea-
tures that is not included JDK 1.1.8.

With the restrictions from both programming platform and physical devices
in mind, somegeneralguidelinesfor development areneeded.IBM developerWorks[19]
o�ers somepoints to be consideredfor development on mobile devices:

Keep it simple.
With the limited amount of memory and storage space available on target
devices, the applications should be stripp ed of all unnecessaryfeatures. A
simplistic graphical user interface should be as functional as possible,without
using any resources-draininge�ects.

Smaller is better.
The smaller the application, the lessmemory it will require. A smaller appli-
cation will also have a more convenient format for downloading and deploying.

Minimize run-time memory use.
In order to minimize run time memory usage, the application should be op-
timized by using scalar types instead of object types. Other techniques for
reducing memory usage include reusing objects, avoiding exceptions and re-
leasingresourcesquickly. With both the prototype and the underlying Proem
platform running on each resource-constrainedpeer, it will be important not to
usemore memory than strictly needed.

Cho ose the language carefully .
Di�eren t programming languageso�ers di�eren t advantagesand disadvantages.
One should choosethe languagecarefully, consideringwhat is actually needed,
and prioritize various important factors. When choosing the platform for this
development process,several di�eren t platforms and programming languages
were considered.For further reading, seesection 4.5.

Use lo cal variables.
Using local variables will give an increase in performance becauseaccessto
theseare quicker than to classmembers.

Av oid string concatenation.
All unneccessarystring concatenation should be avoided, becausethis requires
relatively large amounts of prcessingpower, thus reducing overall performance.
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Use threads and avoid synchronization.
Operations that will require sometime to run should have their own thread.
Avoiding synchronization could improve performancefurther.

Although all of theseaspectsare important to the development of the prototype,
they are not given top priorit y. As previously mentioned in section 7.1.1, the
approach of evolutionary prototyping most often leads to a relaxation of non-
functional requirements, wherehigh performancewill beseenasmoreof a bonus
for the developed system rather then a absolute matter of necessity.

7.3 Using the MO WAHS characterisation framew ork

In this section, the MOWAHS framework is applied to the scenariosin sec-
tion 5.4. By applying the MOWAHS framework, important functional and
non-functional requirements for the future prototype can be found. The char-
acteristics elements of the framework should be comprehensive enough to in-
dicate requirements for both architecture, servicesneededand hardware. The
framework will also provide indications of both the overall complexity of the
application and its tasks.

7.3.1 Applying the MO WAHS characterization framew ork

MOWAHS provides complexity indicators for all tasks derived from a given
scenario. The calculated score of each of these makes it easier to prioritize
what tasks that should be included in the requirements speci�cation of the
prototype. This is useful since the prototype need only be a simple proof of
concept, and not a complete application. There are four main categoriesof
tasks:

General
This category is used to describe task structures and attributes that are indi-
rectly related to mobilit y.

Information
This category include the information requirements that must be ful�lled to
support a task.

Lo cation
This category will specify whether a given task dependson geographicalloca-
tions or not.

Time
This category is usedto investigate the temporal properties of a task, and the
system support for these.
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Furthermore, a total of nine complexity indicators are usedto provide indi-
cations of the complexity of various aspectsof the application. Theseare listed
in appendix A.1. A more speci�c description on these indicators can be found
in Wang, Sorensen,Conradi et.al.[2].

With all relevant tasks involved in the scenariosidenti�ed, the MOWAHS
characterisation framework is applied in order to characterize each of these
tasks. As previously mentioned, the characteristics can be split into four main
categories.Each of thesehave several speci�c characteristics that will be given
a value for each task. A summary of the characteristics and their meaning is
provided by Wang, Sorensensen,Conradi et.al[2], and is found in �gure 7.3. As
seenin the �gure, the di�eren t characteristics are measuredwith an ordinal
scale(1-5).

When characterizing the tasks, two important assumptionsare maderegarding
the mobile device and its environment:

1. ProMoCoTo is always present, and the mobile device is always switched
on.

2. Other deviceswith the samefeaturescan be found nearby.

7.3.2 Implemen tation

Wang, S�rensensen,Conradi et.al[2] provides the following steps for applying
the characterisation framework:

1. Select the mobile scenario
2. Identify the different roles in the scenario
3. For each role; identify tasks
4. For each task:

a) Write a task description using the task description template
b) Assign task weight
c) Characterise the task using the characterisatio n framework

5. Apply the process characteristics:
a) Calculate weighted meanvalues for each characteristic
b) Calculate an overall scenario complexity indicator

6. Derive system requirements and priorities from
the process characteristics

Selecting the mobile scenario

The scenariosof section 5.4 describe di�eren t aspects of the future prototype,
and will both be usedas the foundation for this analysis. The prototype is an
application for use on mobile devices,and its characteristics is well suited for
applying the MOWAHS framework.
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Figure 7.3: Description of MOWAHS characteristics
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Roles in the scenario

The prototype is a single-userapplication, soalthough there must be more then
one user present for it to be truly useful, the owner of the device is the only
human role included in the descriptions of tasks. This role is simply named
"user". The application itself is autonomouswith regard to fundamental tasks
such as discovering peers,notifying usersand creating ad-hoc networks, and is
therefore usedas a role, named "ProMoCoTo" (name of the system).

Detailing the tasks

Trough analysis of the scenariosof section 5.4, a set of core tasks have been
identi�ed. Theseare now described in detail. Each task is given a task weight
on an ordinal scale(1-5). This describes the relative importance this task has
in the system,with 1 being "very low" and 5 being "very high".

T1: Add problem

Task name: Adding a problem in ProMoCoTo
Responsible: User
Description: Find the most suitable category for the problem.

Enter a detailed and speci�c description of the prob-
lem.

Precondition:
- Location: Anywhere.
- Resources: Mobile devicewith ProMoCoTo.
- Tasks: Formulate problem description in detail, but keep it

short.
Postcondition:
- Location: At the sameplace.
- Resources: None.
- Tasks: None.
Dep endencies:
- Roles: Only one role involved.
- Tasks: No.
- Composite: No.
Task weigh t: 3
- Justi�cation: The application will still be valuable if the owner of

the devicedo not enter any problemsof his own. Prob-
lems and solutions that others have entered will be a
valuable sourceof information. But the value of the
knowledge databaseincreaseswhen everyone partici-
pates.
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T2: Add solution

Task name: Adding a solution in ProMoCoTo
Responsible: User
Description: Find the most suitable category for the problem.

Enter a detailed and speci�c description of the solu-
tion.

Precondition:
- Location: Anywhere.
- Resources: Mobile devicewith ProMoCoTo.
- Tasks: Formulate solution description in detail.
Postcondition:
- Location: At the sameplace.
- Resources: None.
- Tasks: None.
Dep endencies:
- Roles: Only one role involved.
- Tasks: None.
- Composite: No.
Task weigh t: 3
- Justi�cation: The application will be a valueable resourceeven if

the owner of the device doen not enter any solu-
tions, through the problems and their solutions re-
ceived from others.

T3: Up date pro�le

Task name: Updating your professionalpro�le
Responsible: User
Description: Update personaldetails, contact details, current pro-

hects and list of skills.
Precondition:
- Location: Anywhere.
- Resources: Mobile devicewith ProMoCoTo.
- Tasks: None.
Postcondition:
- Location: At the sameplace.
- Resources: None.
- Tasks: None.
Dep endencies:
- Roles: Only one role involved.
- Tasks: No.
- Composite: No.
Task weigh t: 2
- Justi�cation: A professionalpro�le must be entered when ProMo-

CoTo is installed. Keeping it updated is prefreable,
but not required for the application to be useful.
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T4.1: Set search parameters

Task name: Setting search parameters
Responsible: User
Description: Setting speci�c search parameters for a given set of

skills. This will determine when the owner of the mo-
bile device is noti�ed of the presenceof peoplehe can
collaborate with.

Precondition:
- Location: Anywhere.
- Resources: Mobile devicewith ProMoCoTo.
- Tasks: None.
Postcondition:
- Location: At the sameplace.
- Resources: None.
- Tasks: None.
Dep endencies:
- Roles: Only one role involved.
- Tasks: T4.2 Search for peers.
- Composite: No.
Task weigh t: 2
- Justi�cation: The application will work with the default "*" as the

search parameter. Setting more speci�c parametersis
useful mainly for added coonveniencewhen using the
application.

T4.2: Search for peers

Task name: Searching for peers
Responsible: User
Description: Constant search for peersto interact with.

Can search for peerswith speci�c attributes.
Precondition:
- Location: Anywhere.
- Resources: Wireless network.
- Tasks: Set search parameters(T4.1)

Carry mobile devicearound.
Postcondition:
- Location: At the sameplace.
- Resources: Wireless network.
- Tasks: Interact with peers(T5).
Dep endencies:
- Roles: Only one role involved.
- Tasks: T4.1 Set search parameters.
- Composite: Yes.
Task weigh t: 5
- Justi�cation: Essential for the application to be useful.
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T5: In teract with peers

Task name: Interact with peers
Responsible: User
Description: When noti�ed of the presenceof a peerswith skills or

other resourcesmatching your criteria, make decision
to interact with this person or not. Initiate sponta-
neouscollaboration with co-worker(s).

Precondition:
- Location: In closeproximit y to other peer(s).
- Resources: Wirelessnetwork-enabled,mobile devicewith ProMo-

CoTo.
- Tasks: Ad-hoc network is created, user is noti�ed.
Postcondition:
- Location: At the sameplace.
- Resources: Wirelessnetwork-enabled,mobile devicewith ProMo-

CoTo.
- Tasks: None.
Dep endencies:
- Roles: Only one role involved.
- Tasks: Other peersmust be discovered(T6).

Ad-hoc network must be created(T7).
- Composite: Yes.
Task weigh t: 5
- Justi�cation: Spontaneouscollaboration is promoted through the in-

teraction with other peers.
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T6: Disco ver peers

Task name: Discovering peers
Responsible: ProMoCoTo (System)
Description: When another peeris discovered, the systemperforms

someaction basedon user preferences.
Precondition:
- Location: Anywhere.
- Resources: Wirelessnetwork-enabled,mobile devicewith ProMo-

CoTo.
- Tasks: Search for nearby devices.
Postcondition:
- Location: At the sameplace.
- Resources: Wirelessnetwork-enabled,mobile devicewith ProMo-

CoTo.
- Tasks: Create ad-hoc network, interact with other peer(s).
Dep endencies:
- Roles: Only one role involved.
- Tasks: None.
- Composite: No.
Task weigh t: 5
- Justi�cation: This task is fundamental for the application to be use-

ful.

T7: Create ad-ho c net work

Task name: Creating ad-hoc network
Responsible: ProMoCoTo (System)
Description: The application usesa wirelessnetwork to search for

other devicesnearby. When an other device is found,
an ad-hoc network is created.

Precondition:
- Location: Anywhere.
- Resources: Wirelessnetwork-enabled,mobile devicewith ProMo-

CoTo.
- Tasks: Search for nearby devices.
Postcondition:
- Location: At the sameplace.
- Resources: Wirelessnetwork-enabled,mobile devicewith ProMo-

CoTo.
- Tasks: Use ad-hoc network to perform other tasks.
Dep endencies:
- Roles: Only one role involved.
- Tasks: T6 Discover peers.
- Composite: No.
Task weigh t: 5
- Justi�cation: This task is fundamental for the application to be use-

ful.
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Using the characterisation framew ork

Each task characteristic has now beengiven a score,as seenin A.1. More de-
tails on the scoresgiven to tasks characteristics is found in the following:

T1: Add problem
This task is simple, and not part of a sequence. It can to some extent be
planned, but will for the most part be an impulsive action. One doesneed to
have the information to be inserted at hand, and the task requires no other
servicesthan the mobile devicewith ProMoCoTo (which is assumedpresent at
all times). The information entered will be instantly available for other peers,
so a servicecan be said to be produced on location.

T2: Add solution
The sameas for adding a problem.

T3: Up date pro�le
Every user of ProMoCoTo should update their professionalpro�le frequently,
but this task is not amongst the most important ones. This task can be left
o�, and resumedat a later time.

T4.1: Set search parameters
This task is similar to those of adding problems and solutions in its simplicit y,
but it is lessimportant with regard to the usefulnessof the application. Using
the default "*"-search pattern will provide full functionalit y for the device,and
narrowing the search is related more to the convenienceof the user.

T4.2: Search for peers
This task is part of a sequence,where the search for other peerswill eventually
leadto interaction. The task is not plannedby the user. The information stream
will be continuous. In order to �nd and identify mobile peers, information
transmission speedmust be very fast. The task will be performed constantly,
and will contine as before if for some reason it should stop (e.g. the end of
battery on mobile device). The lifetime of the task from the usersperspective,
is the hours he usesthe deviceevery day.

T5: In teract with peers
This task consistsof several sub-tasks,but theseare taken care of by the sys-
tem. Examples of such are the tasks of discovering peersand creating ad-hoc
networks. Since there is no way of knowing when an opportunit y for interac-
tion with other peerswill occur, this task is entirely ad-hoc. It is crucial that
information betweenpeersis delivered as fast as possible,since the lifetime of
the ad-hoc network can be very short. This task is triggered by the event that
an other peer is discovered. It needsto be coordinated with the previously
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mentioned sub-tasks, since the interaction between the mobile devices is de-
pendant on the existenceof an ad-hoc network. However, once the user has
beennoti�ed of the other peer,he doesnot necessarilyusehis mobile deviceat
all for further collaboration or interaction. The lifetime of this task will usually
be a few minutes.

T6: Disco ver peers
This is an essential task for the system. Discovering other peersenablesinterac-
tion. The task is a part of a sequence,wherea search for other peersleedsto the
mutual identi�cation of peers,and the creation of an ad-hoc network. Because
of the limited time available when trying to discover mobile peers,information
transmission must be very fast.

T7: Create ad-ho c net work
This task is alsoessential to the usefulnessof the application. Data synchroniza-
tion with other tasks will occur when this task hascompleted. The information
usedand produced by this tasks consistsof text. It can be said to be location
dependant becauseit must occur in closeproximit y of other peers. It also re-
quires the serviceof other wirelessnetwork-enabledmobile devicesto createthe
ad-hoc network. The task will be triggered by the event of other peersbeing
discovered.

Applying the pro cess characteristics

As seenin �gure A.1, mean valueshas beencomputed for each characteristic.
Also, an overall scenariocomplexity indicator has beenfound.

Deriving system requiremen ts and priorities

With the scoresfound with the framework, various indicators can be found.
Thesewill helpful in analyzing the scenario,and prioritizing and extracting non-
functional and functional requirements. The framework was originally aimed
at systems consisting of mobile clients and end-systemson servers, so some
small adjustments hasbeenmadeto someof the indicators to make them more
suitable for this thesis. The changesare mentioned when needed.

7.3.3 Results

Each task has beengiven a value for each characteristic. This work is summa-
rized in �gure A.1. The MOWAHS framework has provided useful information
on potential systemrequirements and how to prioritize them. The �ndings are
summarizedbelow:

Ov erall complexit y

With a "mobile scenariocomplexity indicator" scoreof 2.95,where1 is minimum
and 5 is maximum, this system is relatively complex. The main sourcesof
complexity are the tasks of handling network connectivity. This part of the
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system will be the most di�cult to implement, and should be given special
attention from the very start of the designand implementation-phases.

Complexit y of tasks

The most complex tasks are those where the system itself is reponsible, T6
and T7. This makes sense,since the system is autonomous in all aspects of
handling network connectivity. The tasks of discovering peers and creating
ad-hoc networks have high scoreson most indicators. The tasks of using the
application for retreiving and inserting information are not as complex, and
should be easier to implement. This knowledge provide some indication of
what tasks should be prioritized.

Priorit y of tasks

The most complex tasks from the user perspective are the "main" tasks of
searching and interacting with peers(T4.2, T5). From the systemperspective,
discovering peersand creating ad-hoc networks (T6, T7) are the most complex.
Thesecorrespondswell with the inital weight thesetasksweregiven. What this
meansis that theseare the tasks that should be prioritized when implementing
the system. The �rst thing the prototype should be able to do is to discover
other peersand create an ad-hoc network. The next step will be for the user
to be able to usethe prototype to perform simple interaction with the peer(s).
The tasks of adding problems and solutions (T1,T2), and updating search pa-
rametersand pro�les (T4.1, T3) are lessimportant, and can wait until the most
vital parts of the systemare working properly.

Requiremen ts found

General score
By looking at the scoresfor each indicator, we can gather useful information
of system requirements. The tasks of searching and interacting for peers,and
the underlying discovery of peersand creating ad-hoc network, all have a high
scoreon the General Task Indicator. This supports the indication that these
are the most complex tasks, and that they should receive special focus during
development.

Information score
The samepattern is seenwith regardsto the Information Complexity Indicator.
The high scoresindicate that the mobile devicewill needa relatively largescreen
to present information, and the possibility to transfer information fast.

Lo cation score
The scoreof the Location Complexity Indicator is quite low for all tasks, except
the tasks of interacting with peersand creating ad-hoc network. This means
that the supporting systemdoesnot necessarilyneedto know its own location,
but it needto be in a speci�c location to beable to perform thesetasks (namely
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in the close proximit y of other peers). As the application is dependant on
location for the fundamental system tasks, the device needsto have a good
range for searching for peers. This would rule out the useof IRDA. Bluetooth
and WirelessLAN both havebetter ranges,with WLAN having the largest. The
mobile device will have to be both small and lightweight for it to be carried
around at all locations.

Time score
The Time Complexity Indicator has no high scoresfor any tasks, indicating
that time management is not crucial to the system. There is little need for
synchronization of tasks.

Net work connectivit y
The system needsto be connectedto other peersin order to perform its most
important tasks. This is indicated by the Network Connectivity Indicator, which
has high scoresfor the four most important tasks.

Net work speed
Information needsto be available quickly, so the system must be very respon-
sive. This calls for a powerful mobile device with networking providing fast
transmissionsof information. The Network Speed Indicator has high scoresfor
all tasks, indicating that this is a very important requirement to the system
and to the mobile device. Again, bluetooth and WLAN seemsto be the best
choices.

Energy consumption
The indicator for Energy Consumption hasrelatively high scoresfor interacting
with peersand creating ad-hoc network. This meansthat the mobile devicewill
needa good battery. Knowing by experiencethat the useof e.g. WLAN-cards in
mobile devicesuseslarge amounts of energy, this is an important con�rmation.

Transaction supp ort
The Transactional Support Indicator indicates the need for 
exible and ad-
vanced transactional support when interacting with other peers. This makes
sense,sincethe interactions can suddenly be interrupted or aborted, and some
messagescan be just partly transmitted betweenpeers.

Mobilit y
The tasks where the user interacts with the mobile device can be performed
anywhere, thus giving a low scorefor the Mobility Indicator. It is worth noting
that sometasks, such as"in tracting with peers"and "creating ad-hoc network"
both require a high level of mobilit y. This meansthat the mobile device host-
ing the application has to be: small, lightweight, relatively powerful, have good
network possibilities for network connectivity.
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These�ndings provide a preliminary list of requirements, and will bea good
foundation for the complete requirement speci�cation in section 7.5.

Non-functional requiremen ts:

- Good battery lifetime

- Needgood transmission speed

- Small and lightweight mobile device,with a large screen

- Needstable connection

- Needgood range of network equipment

- Good availabilit y

Functional requiremen ts:

- The need for transaction support (when only parts of a messageis sent,
and when updates do not complete in time)

- Need to be able handle discovery of other peers

- Must be able to create ad-hoc networks

- Storing user input

- Handling interaction betweenpeers
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7.4 Protot yp e architecture

Pro em platform architecture
The prototype to be implemented will be a Peerlet. This is built on top of
the Peerlet Engine, and conforms to certain restrictions in order to run. The
Proem framework also has its own framework for the GUI of the peerlets,but
this was rejected due to its limitations. More details on this in section 7.6.2.
Kortuem[52] provide an overview of the architecture of the Proemplatform, and
details on the various layers. The architecture is seenin �g 7.4. The prototype
peerlet will reside in the Peerlet Layer.

Figure 7.4: The architecture of the Proem platform

Package hierarc hy
Figure 7.5 show the relation betweenthe peerletspackage, containing all code
for the implementation of the prototype, and the other packagesused by the
classesin this package. The peerletspackage is represented by the main class
of the prototype, named CollaborationPeerlet. As seenin the �gure, this class
implements the methods of AbstractPeerlet. It also has relations to the other
classesof the prototype, all in the samepackage. The reasonwhy the package
hierarchy was kept to a minimum was becauseof the Jeode JVM's inabilit y to
handlecomplexpackagehierarchies. Also, the number of classeswasnot sohigh.
The �gure alsoshow how the CollaborationPeerlet is connectedto various pack-
agesin the Proem platform, amongst thesethe important proem.peerlet.Peerlet
and proem.system.ProemServices.
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Figure 7.5: The packagehierarchy of the prototype
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Net work architecture
The network architecture of the future system will be a Pure P2P network,
where all peers are fully autonomous, and need no existing infrastructure in
order to be useful. An exampleof such a network is shown in �gure 7.6.

Figure 7.6: The network architecture of the future system

7.5 Requiremen ts speci�cation

System requirements describes what a system should do, rather than how.
Functional requirements descibes a system service or a function, while non-
functional requirements are contrain ts placedon the system. The requirements
speci�cation in this section is basedon the scenariosfound in section 5.4. It
will outline in the detail level possible,what the system is expected to do once
implemented. It is important to note that the scenariosare only meant to give
ideas of how such a systemcould be usedto promote and support spontaneous
collaboration, and make more informal collaboration lead to collaboration.The
actual requirements for a full implementation of the conceptsof this thesiswould
probably di�er from those found in the scenarios.

The main objectives for the system are as follows:

� Initate spontaneousinteractions

� Lower the barrier for interaction

� Make more of theseinteractions productive, by supporting collaboration

� Disclosehidden knowledgein workplaces

� Increaseawarenessof co-workers current work tasks

7.5.1 Functional requiremen ts

In teraction between peers

I1 React to changesin context, such as new peerscoming within range, or
other peersleaving
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I2 Interact with other peerswithout user intervention

I3 Handle incoming messagesfrom nearby peers

I4 Sendrequest containing search criteria

I5 Search for match in pro�les

I6 Exchangepro�le with peersmatching search criteria

Net working

N1 Search for peers

N2 Discover peers

N3 Create ad-hoc network

Data storage

S1 Read pro�le from persistent storage

S2 Write pro�le to persistent storage

Input/Output

IO1 Notify user of opportunities for collaboration

IO2 Set search parameters in pro�le

IO3 Enable user to modify preferencesand update pro�le via the GUI

Graphical User In terface (GUI)

G1 Show list of nearby peersmatching search criteria

G2 Show user preferencesand pro�le details

G3 Show details on chosenpeer

7.5.2 Non-functional requiremen ts

Hardw are requiremen ts

H1 Abilit y to create ad-hoc network

H2 Su�cien t screensize,processingpower, amount of memory, storagespace

H3 Small and lightweight mobile device

H4 Good battery lifetime

H5 Good transmission speed

H6 Good range of network equipment

H7 Responsiveness

H8 Stable network connection
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Application requiremen ts (usabilit y)

A1 Novice usersshould be able to bene�t from the system.

A2 Support for collaboration phaseof interaction.

A3 System and its GUI should support a large number of simultaneous con-
nections.

A4 Portabilit y

7.6 Implemen tation

This section describes in detail how the prototype was implemented. Special
attention is given to problemsthat aroseduring implementation, and how these
were solved.

The purposeof the prototype will be to serve as a proof-of-concept,hope-
fully demonstrating the feasability and usefulnessof an implementation of the
features described below. The prototype will aim to show that mobile P2P
technology on devicescapableof utilizing ad-hoc wirelessnetworks can be used
to promote and support spontaneouscollaboration. The prototype is also used
as a meansof requirements validation.

7.6.1 Technical limitations of protot yp e

Due to time constraints and a strong focus on providing core functionalit y,
the prototype will lack several features that would be a natural part of a fully
functional system. The GUI of the prototype will have limited functionalit y,
but should be su�cien t for testing. As mentioned earlier in section 7.1.1, the
main focusduring development of the prototype hasbeento �nd what features
are feasable,and to �nd what will actually work. So,although the development
considerationsof section 7.2.1 will be applied to the extent possible,the focus
on showing that the prototype can indeedbe implemented will give lessfocuson
aspects such as performanceand scalability. A detailed description of features
that should be implemented in a future system is found in section 9.3, where
extensionsto both the current implementation and the conceptsthemselvesare
covered.

7.6.2 The developmen t pro cess

This section describes the processof implementing the prototype, shown in
�gure 7.7. The implementation phasehas followed the iterations described in
the prototype plan, found in section 7.1.2. As previously decribed in section
7.1.1, the development of the prototype has usedthe approach of evolutionary
prototyping. Testing has been carried out after each iteration to verify that
the systembehavesas intended. Screenshots,details on problemsencountered,
their solutions and testing results for each iteration in the prototype plan are
provided.
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Iteration 1: Installation and configuration


Iteration 7: Deployment to mobile device


Iteration 6: Porting prototype to JDK 1.1.8


Iteration 5: Refining Graphical User Interface


Iteration 4: Developing basic functionality


Iteration 3: Building own peerlet


Iteration 2: Initial experimentation with Proem platform


Figure 7.7: The development process

Iteration 1

Description:
The inital setup of the development environment is crucial for further develop-
ment. Sun JDK 1.3.1 was installed, and the classpath and path-variable was
changed to re
ect this. A standard version of the Proem Platform was also
installed In addition to this, a Concurrent VersionsSystem (CVS) repository
was created and the LaTex environement neededto write the report was set
up. The Integrated Development Editor (IDE) of choice was Borland JBuilder
7. Development was done on a Dell Inspiron 8000 laptop, running Microsoft
Windows XP SP1. Cygwin was also installed, to get the neededunix-to ols.
Make-�les for compilation, running and cleaning the project were created.

Testing:
The very �rst test was to make the example peerlets included in the Proem
platform running. Several attempts was made beforethe classpathwas correct
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and the peerlet would run. Once the peerletsGUI was up, this test phasewas
over.

Problems and solutions:
There were problems with making the peerlets run. This was due to outdated
documentation and my missing experience with the platform. The �rst at-
tempts at setting the classpath was done by setting the global environment
variable in the operating system, but this did not work out very well. The
peerletsran �ne when the classpathwas set in the make-�les.

Iteration 2

Description:
A new version of Proem, intended for deployment on IPAQ PDAs, was tested.
This versionshouldcompileon JDK 1.1.8. The objective now wasto run several
peerlets,and have them discover each other and exchangemessages.To do this,
each peerlethad to run on an instanceof the Peerletengine. Each peerlethad to
be con�gured correctly, and this was done in the by modifying the Proem.prop
�le of each instance. An exampleof such a �le is shown below:

#Proem System Settings
peer.uri=proem:t homas1
network.port1=84 11
network.port2=84 12
network.port3=67 89
network.multicas t=2 28.5 .6. 8
system.ui=false
debug.trace=fals e
debug.self=false
discovery.method =acti ve
discovery.update _ra te =10000
discovery.notifi cat io n_del ay=3000
discovery.initia l_d el ay=2000
isim=false
isim.port=6000

A unique vale for peer.uri is assignedto each peerlet. The values for net-
work.port1 and network.port2 must be unique for the peer,while network.port3
is common for all peers.

Testing:
Three instances of the example peerlet ran simultaneously. They discovered
each other and exhangedmessages.

Problems and solutions:
No major problems.

Iteration 3
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Description:
A new peerletwascreated,with its own make-�les and properties-�le. This �rst
attempt usedthe GUI framework included in the Proem platform. A protocol
for exchanging messages,and a set of messagetypesare de�ned.

private ProtocolType[] protocols = {new ProtocolType("PRO MO")} ;
MessageTypePROMO_QUERY= new MessageType("PROMO:Query" );
MessageTypePROMO_CONFIRMATION= new MessageType("PROMO:Conf ir matio n" );
MessageTypePROMO_REJECT= new MessageType("PROMO:Rejec t" );
MessageTypePROMO_REQUEST_PROFILE = new MessageType("PROMO:Request_ Profi le ");
MessageTypePROMO_SEND_PROFILE = new MessageType("PROMO:Send_Profi le ");

This early version subscribed only to the ENCOUNTER EVENT. This means
that the peerlet would be noti�ed when another peer had beenencountered.

Proem.getService s() .EventBus_Subscri be(t his , EventTypes.ENCOUNTER_EVENT);

Testing:
After somecon�guration-problems, the peerletseventually discoveredeach other.

Problems and solutions:
No major problems.

Iteration 4

Description:
The peerlet code was now extended to handle the various incoming messages.

Messaget yp e Ob jectiv e
PROMO QUERY All peers will send a query when they en-

counter another peer
PROMO CONFIRMA TION The remote peer will send CONFIRMA-

TION if the query return a result
PROMO REJECT The remote peer will send REJECT if the

query doesnot return a result
PROMO REQUEST PROFILE If a con�rmation is received, the remote

peerspro�le will be requested
PROMO SEND PROFILE This messagecontains the pro�le of the local

peer

If the encountered peer was not already in the list of nearby peers, the
PROMO QUERY messageis now sent to the other peer. When the local peer
receives such a messagefrom a remote peer, it performs a search in the lo-
cal pro�le. The peerswill not tell the other peer what was found, only that
there was a match. This would require another exchange of messages,and
with the often limited time available for exchanging messages,it was found
to be better to just go directly to the exchange of pro�les. The exchange of
pro�les is initiated by sending PROMO REQUEST PROFILE to the remote
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peer. The remote peer will reply to this messageby sendinga messageof type
PROMO SEND PROFILE. This messagealsocontains the local pro�le-ob ject.
By sending the pro�le only when a PROMO REQUEST PROFILE message
has beenreceived, unnecessarynetworking tra�c is avoided.

peer.send(new ProemMessage(PROMO_SEND_PROFILE, protocols[0], profile));

The local pro�le is readfrom �le at startup, and written to �le whenupdated
or when the application is shut down. Pro�les are exchangedaspro�le-ob jects,
and the application keepsreceived pro�les as pro�le-ob jects in a Vector. This
version of the prototype also subscribesto the CONTEXT CHANGE EVENT
event, which will notify the peerlet when peersare added, removed or changed
in the context.

Proem.getService s() .EventBus_Subscri be(t his , EventTypes.CONTEXT_CHANGE_EVENT);

Testing:
The prototype was �rst run with the new event subscription to seethe debug
information. Messagesfor handling of the messagetypes were added, and the
prototype was tested in several versionsbefore the exchange of messagesand
pro�les worked. The pro�le-ob ject was �rst a hardcoded class,and was later
replacedby persisent storagein a �le. Methods for handling �le operations also
had to be added.

Problems and solutions:
The exchangeof pro�les failed in the �rst tests:

CLOUDSERVER: ERROR: CloudServer.run(java.io.InvalidClassException: Pro�le; lo-
cal class incompatible: stream classdescserialVersionUID = 5816836332179751671, l
ocal class serialVersionUID = -3054338438683491408) java.io.InvalidClassException:
Pro�le; local classincompatible: streamclassdescserialVersionUID = 5816836332179751671,
local classserialVersionUID = -3054338438683491408

The solution to this was to ensure that the pro�le-classes of each peerlet
instance was 100% similar. All objects sent between peersare serialized, and
the Java compiler will generatea serialVersionUID for all serializable classes.
This serialVersionUID has to be the sameon both peers for the object to be
sent correctly.

Further, some e�ort was put into making the reading and writing of the
pro�le to �le dynamic. This was later abandoned,and the reading from �le is
hardcoded, which should be su�cien t for prototype use.

A �nal problem wasthat the searching in the Vector containing pro�les also
included the local pro�le. As a result of this, the local peer would appear in
the list of nearby peersif the search criteria matched. This was corrected by
adding a test that dismissedhits from the local pro�le.
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Iteration 5

Description:
The original GUI from the Proem platform was found to be insu�cien t for
this prototype. The new GUI had a dynamic list of nearby peersmatching the
search critera, a panel showing current preferencesand pro�le details, and the
possibility for the user to double-click on any peer in the list to view his pro�le
details. (As shown in �gure 7.9.) Smaller fonts were applied to the GUI to
provide more information to the user. The list should re
ect changesin the
context; when a peer was out of range, he should be removed from the list.
Also, the real name of the owner of each pro�le was used in the list to make
it easierto know who could be an interesting collaboration partner. Figure 7.8
shows the main screenif no other peersmatching the search criteria are nearby,
and the preferencesscreen.The preferencescan be edited and the changeswill
be stored on �le.

Figure 7.8: Main screenand preferencesscreen

When a exchangeof pro�les has beenperformed, a soundwould now notify
the user. The list in the GUI would be updated, and the user could seewho
the new possiblecollaboration partner was.

Testing:
The testing after this iteration was concernedwith whether the GUI would
function as intended, and whether the user was noti�ed. If this worked, it
would meen that the changes in context were handled correctly. Also, the
display of details on a given pro�le would con�rm that the exchangeof pro�les
was working correctly.
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Figure 7.9: All nearby peers matching search criteria are displayed in a list.
Double-clicking on a peer will display the details of this peer'spro�le.

Problems and solutions:
There were no major problems in this iterations. A minor problem occured
with the noti�cation of the user. The �rst attempt to create a noti�cation
sound in the application usedToolkit.getDefaultToolkit().beep(); When this did
not work, a trick had to be used,with System.out.print(" n07"); .

Iteration 6

Description:
In this iteration, all code for the prototype had to compile in JDK 1.1.8. Class-
paths and path was changed,and the Swing packageswere added to the JDK.

Testing:
The testing consistedof compiling the prototype with the older JDK. This pro-
duced major errors to begin with, due to a incorrect con�guration of classpath
and path.

Problems and solutions:
At �rst, neither the Proem platform or the prototype itself would compile. The
classes,although in the samedirectory, did not �nd each other.

java.lang.NoClas sDefF oundErr or: CollaborationPee rl et GUI
at CollaborationPeer let .< ini t> (Coll abora ti onPeerl et. ja va: 57)
at ProemStartup.main (Pr oemStar tu p.j ava:3 3)
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This was solved when I moved c:njdk1.1.8nbin to the start of my path,
and added c:njdk1.1.8nlibnclasses.zipand ./bin; ./bin/p eerlets; ./classes to the
classpath.

Once the application compiled, there was problems making it run properly.
An exception were thrown complaining about di�eren t �le versions. This was
dueto parts of the Proemplatform having beencompiledwith JDK 1.3.1,which
uses�le version 46. JDK 1.1.8 expected to �nd version 45.

Iteration 7

Description:
The application now ran on JDK 1.1.8, which roughly equalsPersonalJava. It
could therefor be expected to run on IPAQ PDAs, with the Jeode JVM. This
JVM is fully compliant with the PersonalJava speci�cation. Driv ers for the
wirelesscard was installed on the IPAQ. A shortcut to the application contain-
ing the classpathand other parameterswere created:

18#" nWindowsnevm.exe" -Djeode.evm.memory.overallSize=10m -cp
nWindowsndiplomnpromocotonclasses; nWindowsndiplomnpromocotonbin;
nWindowsndiplomnpromocotonbinnpeerlets; nWindowsndiplomnpromocoto Proem-
Startup

Before deployment to the IPAQ PDA, the application was trimmed in size,
by removing old duplicates in the Proem platform packagehierarchy, and leav-
ing only the class �les that were actually used. This reduced the size of the
application from 20 Mb to 6 Mb, most of this being the Proem Platform and
the Swing-libraries.

Testing:
The application was transferred to the IPAQ PDA using Microsoft Activ eSync
and a USB cable. A "Hello World"-program was �rst transferred to the IPAQ,
to con�rm that the JVM had been correctly installed. Inital testing found
that the classpathhad to be absolute for the application to run correctly. The
wirelesscard wasset in ad-hoc mode, on the samechannelasthat on the laptop.

Problems and solutions:
A problem that had to be solved wasthat the Jeode JVM wasunable to handle
relative paths. Becauseof this, changeshad to be madeboth to the application
and to parts of the Proem platform. Once the paths to properties-�les and
imageswere absolute, the application ran.

Another problem wasthat in the startup phaseof the application, a NoRoute-
ToHostException wasthrown, and the local MulticastServer could not be found.
The solution wasto specify ip adressesfor both laptop and IPAQ, using10.0.0.x.
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Although this would not be acceptable for a �nal system, it was found good
enoughfor prototype testing.

Once this was sorted out, the application ran just as it did on the laptop,
and the two instancesof the prototype discovered each other and exchanged
pro�les just as they had done when they were both on the laptop. Further
testing was now carried out on this �nal prototype, and this is described in
detail in section 8.4.
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Chapter 8

Veri�cation and validation

This part of the thesis is concernedwith the processesrequired to verify that
the prototype meets its speci�cation and to validate its usefulness. With a
working prototype implemented, useful insight into the utilitarian value of such
an application can be found by testing it in its intended environment. This
sectiondescribeswhat will be tested and how the testing will be executed. The
inital objectives for the testing of the prototype are presented, as well as the
environment for testing. The testplan provides an overview of the test proce-
dure. Finally, the results of the test are presented.

8.1 Test strategy

As described in section 7.1.1, the testing of the system will take place as a
natural part of the evolutionary prototyping. This meansthat initial testing
will take place after each iteration of prototyping. This testing will be simple
and consist strictly of debugging. As shown in �gure 8.1, this processaims to
locate and correct defects.

Locate error
 Design error repair
 Repair error
 Re-test program


Figure 8.1: The debuggingprocess

The objective for testing of theseearly iterations of the prototype is simply
to locate errors and repair these. In addition to this, these testing sessions
will indicate new features that can be added, and existing features that can
be removed. Notes with ideas for testing of the �nal prototype can also be
madewhile testing the various iterations of the prototype. Thesewill provide a
foundation for the testing of the �nal prototype. A detailed description of the
encountered errors and problems,and how they weresolved, is found in section
7.6.2, which describesthe processof implemententing the prototype.
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8.1.1 Dev eloping the testplan

The testplan developed in this chapter is intended for the �nal prototype. The
prototype has at this stage been deployed to its intended mobile device, and
the system should now have beenfound to be working at the most basic level.
The following approach has beenusedto develop the testplan, basedpartly on
the stageslisted by Sommerville[76, p. 222]:

1. A description of the testing process
2. Requirements traceability
3. Specification of tested items
4. Hardware and software requirements
5. Constraints

Testing pro cess
The testing processwill be performed in iterations, much like the development
processdescribed in the prototype plan of section7.1.2. Speci�c objectives,and
the actions neededto test these, are set for each iteration. For the testing of
the �nal prototype, a abstract scenariobasedon the scenariosin section 5.4 is
developed. The personsinvolved in the testing will have the roles used in this
scenarios,and will to someextent be instructed of what to do. Pro�les will be
written so that matching pro�les will occur. The test participants will know
that matching pro�les is found nearby. This is not unrealistic, sinceemployees
at a workplace will to someextent know what their coworkers can be expected
to have in their pro�les. (example: A Java programmer working at a IT-�rm
is not likely to search for peerswith expertise in 
oral arrangements). But the
participating test personswill not know who has what in their pro�les. In this
way, the prototype should initiate contact betweenpeersthat are not aware of
each others knowledge.

Requiremen ts traceabilit y
Both the test scenarioand the testplan are basedon the requirements found
in the requirements speci�cation. By specifying the objectives for each iter-
ation and providing referencesto the speci�c requirements being tested, the
traceability to the requirements should be good.

The testing environmen t
The physical environment for testing will be the hallways of a university. This
will closelyresemble the kind of environment where the prototype is thought to
have utilitarian value. The participants in the testing will be employeesfrom
the faculty and fellow students. All participants are computer experts, and can
be expectedto becritical to the systemand in this way provide useful feedback.
This group are also the amongst intended usersof a future systembasedon the
prototype.

Hardw are and soft ware requiremen ts
The mobile devicesrunning ProMoCoTo are the high-end PDAs Compaq IPAQ
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H3850and IPAQ H3870,asdescribed in section4.3. In addition, another entit y
of ProMoCoTo is run on a Dell Inspiron 8000laptop. Wirelessnetworking cards
from manufacturers Compaq, Avaya and Intel are mounted on each of these
mobile devices. The operating systemsinvolved are Microsoft Pocket PC OS
(Win CE 3.0) on the PDAs and Windows XP on the laptop. The Java virtual
machine on the PDAs is Jeode JVM, while the laptop runs the prototype on
Sun JDK 1.1.8. A minimal mobile version of the Proem Platform is usedon all
devices.

Constrain ts
An important contrain t with this testing phaseis that the user experiencesare
based on a very small number of users; a large-scaleuser survey is found to
be outside the scope of this thesis. Such a survey could certainly be useful to
evaluate the usability of the implementation, and to get feedback on the current
conceptsand also get ideasfor new ones. Other contrain ts are the shortageof
time and the shortageof mobile devices.A larger number of peerswould have
given the system a more realistic test, but three peers should be enough to
test the concept. Also, the implementation is limited, with only the most basic
features included.

8.1.2 Ob jectiv es for testing

Clear objectivesfor the testing must beestablishedbeforethe test is carried out.
The objectives have been arranged in accordanceto importance and priorit y,
and are mainly basedon the requirements speci�cation.

User exp erience

� Utilitarian value

{ Doesthe prototype promote contact betweenpeers?

{ Doesthe prototype support collaboration? In what way?

� Acceptabilit y

{ Is the potential added value obvious to �rst time users?

{ Do the usersseethe value of practical useof the prototype?

� Usability

{ Is the user experiencesatisfactory?

{ Is the systemeasyto use?

{ Is the systemperceived as robust?
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Implemen tational issues

� Conformanceto requirements speci�cation

{ Does the implemented features match those of the listed in the re-
quirements speci�cation?

� Suitabilit y of chosenhardware and software platform

{ Is the systemperformancesu�cien t to give a good user experience?

� Networking performance

{ Is the chosennetwork technology performing su�cien tly? Alterna-
tiv e networking solutions can be tested for comparison.

{ Is the networking performanceof the prototype satisfactory?

� Portabilit y

{ Will the prototype run on di�eren t mobile devicessupporting the
right version of the Java Platform?

All objectives listed will be tested, but the main focus will be on those
concernedwith the user experienceand the prototype's conformanceto the re-
quirements speci�cation. The prototype hasnot beenimplemented with perfor-
manceasan important requirement. The reasonfor even testing such aspectsis
to ensurethat the performanceis good enoughfor the prototype to be usable.
An objective evaluation of the prototype's conformance to the requirements
speci�cation can be di�cult to provide, since the requirements speci�cation
was written by the sameperson that implemented the system. This can lead
to reduced value of this test stage. The objectives of testing portabilit y and
maintainabilit y will not be tested during the test of the �nal type. Rather,
experiencesfrom the implementation phasewill be used to conclude on these
objectives.

8.2 Test scenario

John, Peter and Helen all work at the sameuniversity as scienti�c assitants.
John works at the SystemsEngineeringgroup, while Peter and Helenboth work
at the Databasegroup. The two groups are physical located at di�eren t 
o ors,
but they passeach other quite frequently, both in the hallways, in the canteen
and other placeson campus. As all other employeesat the university, they have
just recently installed a new system called ProMoCoTo on their PDAs. They
are encouragedto use this system actively, and to wear the PDA where ever
they go. A fundamental part of their jobs is to handle information, they are
information workers. All three has gainedconsiderableknowledgeto advanced
programming conceptsthrough their work on several large projects.
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On his current project, John has encountered a seriousproblem. The ap-
plication he is developing seemsto work �ne, but it hasa seriousmemory leak.
His application will run for sometime, before it has usedall free memory and
causesa systemcrash. He doesnot want to useto much time reading up in this
particular subject, so he hassearched the Internet to try to �nd a solution, but
with no useful results. This happensfrequently due to the cutting-edge nature
of his work. He is then dependant on the help of other project members. John
sets the search criteria in ProMoCoTo to "C++ memory leak".

Meanwhile, Peter is working on another largeprogramming project. Through
this project, Peter has kept his pro�le up to date, and added all new knowl-
edgehe has acquired. Helen has been also been working on the sameproject
as Peter, but on other aspects. She has gained in-depth knowledge to several
aspects of C++ programming, and this is listed in her pro�le. Througout the
project, she has used her ProMoCoTo actively as a way of getting in contact
with other co-workers.

On his way to the canteen, John runs into Peter, and his mobilde device
emits a sound, indicating that a peerwith a pro�le matching his search criteria
is nearby. The list of nearby peers has been updated, and Peters name and
details has beenadded. This meansthat he could have useful input to Johns
problem. Their mobile deviceshave discovered the presenceof another peer in
ad-hoc mode, and an ad-hoc network has beencreated. Although John knows
Petersname, they are not acquainted. He wasnot aware that Peter had knowl-
edgeof C++ memory leaks. John says hello to Peter, and they start an informal
conversation. John looks up the details on Peters pro�le, and �nds that they
have several overlapping skills. As it turns out, Peter hasmuch experiencewith
the problem John describes. John usesthe problem description he just entered
into the knowledge database to remember the details of the problem. Peter
agreesto comeover to his o�ce to help out after lunch.

At the canteen, Peter sits at the same table as Helen. His ProMoCoTo
noti�es him of an interesting pro�le being nearby, and he reckognizesit to be
Helens. They know each other already, but the reason for the match is that
Helen has added new skills to his pro�le that matches Peters search criteria.
They soon start a discussionof the projects they are currently working on.
What they realize is that there is a great deal of overlap betweenthe working
groups; projects are very often multi-discipline, and co-workers will very often
have knowledgethat go far beyond that of their current research �eld.

When John returns to his o�ce after lunch, he continues working on his
laptop, which also runs ProMoCoTo with his pro�le and the samepreferences
as the application on his mobile device. When Peter comesby to help out with
the memory leaks,John is noti�ed of his arrival.
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8.3 Testplan

Test 1: Disco very and creation of ad-ho c net work

Objective: To con�rm that the prototype reacts to changes in
context.

Req.spec ref: I1, I2, N1, N2, N3
Implementation: Users walk around with mobile devices. When they

are within range, the devices should discover each
other. Debug-information will show whether peers
were discovered.

Test 2: React to changes in context

Objective: To �nd whether the prototype correctly handles
changesin context. Also, to test whether usershave
gain a clear understanding of what change has oc-
cured.

Req.spec ref: I1, G1
Implementation: Userswalk nearby each other. A match is discovered

and usersare noti�ed by soundand by a changein the
GUI. Interaction is initiated. Also, one of the peers
should walk out of range, and this should be re
ected
in the other peersGUIs.

Test 3: Handle incoming messages

Objective: Once a connection is established, messagesare sent
from all peers. Thesemessagesmust be handled cor-
rectly.

Req.spec ref: I3, I4
Implementation: When users are within range, debug-information

shouldshow that messagesarebeingreceivedand sent.

Test 4: Send search-request to nearb y peers

Objective: Oncea connectionis established,the peersshouldsend
request-messagesto each other.

Req.spec ref: I4
Implementation: Users are in the vicinit y of each other. Request-

messagesare being sent from local peer, and a re-
sponseis sent back. If a match is found in the pro�les,
this should be re
ected in the GUI, and the user is
not�ed.
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Test 5: Perform search in lo cal pro�le

Objective: To �nd whether the prototype searcheslocal pro�le on
the search criteria it has just received from a remote
peer.

Req.spec ref: I5
Implementation: The debug-information shows if a search is being per-

formed. If there is a match, the user will be noti�ed,
and the GUI should re
ect the change in context by
adding the matching pro�le to a list.

Test 6: Exc hange pro�les

Objective: To �nd whether pro�les are exchanged once a match
has beenfound.

Req.spec ref: I6
Implementation: A new peer should appear in the list in the GUI if

pro�les have beencorrectly exchanged. Usersshould
now be able to double-click on the new item in the
list to seethe details of the pro�le received from the
remote peer.

Test 7: Notify user of matc h in pro�les

Objective: To �nd whether the prototype promotes contact be-
tweenpeers.

Req.spec ref: IO1
Implementation: Userswalk nearby eachother. A match is discovered,

usersare noti�ed, and interaction is initiated. Do the
test users �nd that the knowledge of a peer with a
matching pro�le being nearby promotes spontaneous
interaction and collaboration?

Test 8: Up date pro�le and preferences

Objective: To �nd whether the prototype handles updating
through the GUI, and to test the user experience.

Req.spec ref: S1, S2, IO2, IO3, G3
Implementation: User makeschangesto his pro�le, and setssearch cri-

teria. Theseshould now be usedby the prototype.
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Test 9: Show details on chosen peer

Objective: GUI shouldprovide details on the pro�le of a matching
peer. Will also show whether the pro�le of a remote
peer was correctly received.

Req.spec ref: G4, I6
Implementation: User double-clicks on one of the peers in the list of

peers with matching pro�les. Details on this pro�le
should then be displayed.

The non-functional requirements H1-H8 and A1-A4 are covered by the steps
decribedabove. Resultsfor thesestepswill alsobedescribed in the forthcoming
test results section.
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8.4 Test results

The test started with the ProMoCoTo prototype being started on on all three
mobile devices;the two IPAQs and the laptop. The testing was doneaccording
to the testplan, and the test persons involved was was instructed to act in
accordanceto the test scenario. Their reactions and comments were noted
during testing. The results of the testing are organizedby the main objectives,
with referencesto the various stagesof the testplan where this is applicable.

Utilitarian value
The promotion of contact between peerswas mainly tested in test stagesT6
and T7. The test participants found that they had to look at the screento
�nd whether a passingco-worker could be a suitable person for collaboration,
since the prototype would not emit a sound to notify the user of the presence
of a peer with a matching pro�le. This worked �ne with the sameapplication
running on the same JDK (1.1.8) on the laptop, but it did not work on the
IPAQs. This was due to di�erences in the underlying operating systemsand
JVMs.

The support for collaboration was tested in T9, where the details on the
other peer had already been transfered to the local peer. The test partici-
pants found it useful to have thesedetails at hand when initiating spontaneous
interaction. The technologies listed and the details on these could serve as
keywords during collaboration. The test participants did however expressthat
more features for collaboration support should have been included. Although
the prototype wasfound to have limited support for collaboration, the test par-
ticipants pointed out that the mobile deviceand the ad-hoc network itself could
provide further support, by allowing �le transfers and other activities. More
conceptsfor supporting the spontaneouscollaboration is found in section 9.3.

Acceptabilit y
Oncethe basicconceptand the test scenariohad beenexplainedto the test par-
ticipants, they immediately expressedenthusiasm and gave positive feedback.
Various future scenarioswerediscussed,and the conclusionwas that this was a
concept that de�nitiv ely would have value when implemented. The prototype
was alsoenthusiastically received, but its limitations weresoon revealedduring
testing. Although limited in functionalit y, the test participants said that the
prototype hasutilitarian value as it were,but could be much improved by some
more development. The issuesthat aroseduring testing are described in detail
in later parts of this section.

As mentioned earlier in section8.1.1, an important contrain t of this testing
phasewas the lack of a large-scaleuser survey. A more objective view of the
acceptability of the concept and the present implementation could have been
gained from such a survey.
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Usabilit y
The usability of the prototype wassubject to testing during all stages(T1-T9).
The test participants' feedback indicated that they found the prototype easy
and intuitiv e to use,with its simple GUI and limited number of features. The
responsivenesswas acceptable,and the GUI was found to be self-explainatory.
The lack of soundon the prototypedeployed on the IPAQs reducedthe usability
of the prototype, and was mentioned by the test participants as a major 
a w
of the prototype. During test stageT8, test participants found the possibilities
for setting search criteria to be to limiting in the current prototype, with only
basic, one-word searchs being allowed. Updating the local pro�le, changing
preferencesand looking at the details of a remote peer's pro�le was found to
have good usability and was working well.

Another short-coming of the current implementation wasthe problem of en-
abling su�cien t identi�cation of the peerwith a matching pro�le. The presence
of a nearby peer with a matching pro�le was only indicated by the addition of
a new peer and its details in the main GUI list. Although the test did not re-
veal this, becauseof the low number of participants, a potential problem could
be to identify who the matching peer is in a crowded room. The users may
not be aquainted, and will not recognizethe new name that have beenadded.
The inclusion of a picture in every pro�le was a part of the original idea for
implementation, but wasnot implemented in time for testing. This is discussed
further in section 9.3.

The robustnessof the prototype was also tested in all stages. A problem
occured in test stageT6, when the �rst attempt at exchanging pro�les failed.

++++COLLABORATIONPEERLET:Change in context!
Adding new DBEntry:
DBEntry = Peer(uri=proem:thomas2,host= 10.0 .0.2, port =8421)
Handling ENCOUNTERevent ...
Peer: 'proem:thomas2' Encounters: 1
Encountered a new peer, sending messagePROMO_DEMAND...
NETWORKMANAGER:ERROR:handleIncomingMessage peer.handleProemEventMessage:

Header:
MessageType= DISCOVERY_TOKEN
ProtocolType = DISCOVERY_PROTOCOL
Source = Peer(uri=proem:thomas2,host=10 .0.0. 2,po rt=8 421)
Destination = Peer(uri=proem:thomas1,host=10 .0.0 .1,p ort=8 411)
Date = Sat May 31 12:15:28 CEST2003
Body:Peer(uri=proem:thomas2,ho st=10 .0.0 .2,po rt=8 421)
(java.lang.ClassCastException: proem.pee r.Pee r)

java.lang.ClassCastException: proem.peer.Peer
at proem.internal.discovery.Co ntex tManager. reco rdEncount er
(ContextManager.java:123)
at peerlets.DiscoveryPeerlet.h andl eProemEvent
(DiscoveryPeerlet.java:160)
at proem.internal.network.Netw orkManager.ha ndle IncomingMessage
(NetworkManager.java:131)
at proem.internal.network.clou d.Cl oudServer .run (Compiled Code)
at java.lang.Thread.run(Thread .jav a:459)
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The reason for this was that the prototypes on the IPAQs did not have
exactly the sameversionof the Pro�le classasthe versionrunning on the laptop.
All serializableclasseshad to be identical, or elsethe ClassCastException was
thrown. This was corrected, and the problem disappeared.

Figure 8.2: Both usershave beennoti�ed of the presenceof a matching peer,
and collaboration is initiated
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Conformance to requiremen ts speci�cation
The requirements speci�cation lists all functional and non-functional require-
ments to the prototype. The testing of all theseissueswas covered by the sum
of all stagesT1-T9. All functional requirements were found to be implemented.
Someproblems were discovered, and theseare described below.

A problem was found with regards to requirement I1, with the prototype
handling changesin context. When a peer went out of range, this was discov-
ered by the prototype, and the peer was removed from the list of peersnearby.
But the peer-URI was still stored in databasepart of Proem with a recorded
number of encounters, and this wasnot set to zero. Becauseof this, the peerwas
not found to be a "new" encounter when he reencountered into the local peer's
range, and a new exchangeof messagesdid not take place. The prototype per-
forms a check to seewhether the numberOfEncounters is higher than one, and
if it is so,a new exchangeof messageswill not occur. This is doneto reducethe
number of messageexchanges.This problem could have beenavoided by using
methods found in the ServiceAPI of the Proem platform. However, this was
not found in time to be included in the current implementation of the prototype.

Another problem occuredwith regardsto requirement S2;writing the pro�le
to persistent storage. This was implemented by using regular �les for storage.
The problem that occuredfrom time to time during testing wasthat the pro�le
was corrupted when written to �le. This was most likely due to a weakness
in the method writing its contents to �le, and is also another reasonwhy the
reading and writing of the pro�le from and to �le should not stay hard-coded
in future versionsof the prototype.

+--COLLABORATIONPEERLET:Initializing...
java.lang.ArrayIndexOutOfBoun dsExcepti on
Exception in thread "main" java.lang.ArrayIndexOutOfBou ndsExcept ion: 0 >= 0

at java.util.Vector.elementAt( Vector.ja va:4 12)
at proem.gui.PeerletUI.getPane lDesc(Peerlet UI.j ava:9 9)
at proem.gui.UIManager.createP eerl et(UI Manager. java: 329)
at ProemStartup.main(ProemStar tup. java: 35)

This wasnot a problem on the Pocket PC version,and again shows that the
underlying operating systemand the Java Virtual Machine plays an important
part in the behaviour of the application, even though it is compiled with the
sameJDK.

The last problem wasthe previously mentioned lack of soundnoti�cation on
the IPAQs. This relates to requirement IO1. This lack of noti�cation reduced
the usability of the prototype, and must be corrected in future versions.

The non-functional requirements were also tested. All the hardware re-
quirements H1-H8 was found to have beenimplemented to a satisfactory level.
The test participants found the IPAQ PDA to be well suited for testing, with
its relatively low weight and good responsiveness(H1-H5, H8). The network
performance was satisfactory, and the range was found to be su�cien t. The
hallways of the university, with its many concretewalls and lack of large open
spaces,reducedthe rangeof the wirelesscards to about 20 meters (H6,H7,H9).
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Figure 8.3: The prototype running on a Compaq IPAQ with a wirelesscard in
ad-hoc mode

As previously mentioned, the test participants found the system easy to use
(A1), but with limited support for collaboration (A2). The number of simulta-
neousconnections(A3) wasnot higher than three during testing, due to lack of
more mobile devices.But additional testing with more entities of the prototype
being run on the laptop gave positive results with a total of �v e entities. The
portabilit y (A4) was found to be acceptable,with an exception of the lack of
sound on the IPAQ version of the prototype. Somechangeshad to be made to
the code to make it run in the IPAQ, and theseare desrcibed in a later part of
the test results, where portabilit y is the test objective.

Suitabilit y of chosen hardw are and soft ware platform
The prototypewasdeployed to CompaqIPAQ PDAs, which areamongthe most
powerful PDAs on the market today. The systemperformancewas tested in all
stagesT1-T9, and wasfound to be satisfactory. The lack of a keyboard wasnot
commented by any of the test participants; the useof the touch-screenwith its
on-screenkeyboard was found su�cien t for input. The screenwas found large
and bright enough. One minor problem with the Pocket PC OS on the IPAQs
was that it washard to get the debug information, sincethere was no easyway
to redirect the standard output stream when running java applications.

Net working performance
The network performancewas mainly tested in test stage T1, where the cru-
cial discovery of nearby devicesand the creation of a ad-hoc network were the
objectives. Network performancewas in general found to be satisfactory, but
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there were someimportant inital problems.

It was found that the mobile deviceswould not have an assignedIP address
if the wireless card was not in contact with a network, be that to an access
point or to other peersin an ad-hoc network. And with no IP addressassigned
at startup, the application would throw an exception becauseit was unable to
join a MultiCastGroup.

java.net.SocketException: multicast join failed
at java.net.MulticastSocket.jo inGr oup(Multi cast Socket.ja va:13 8)
at proem.internal.network.clou d.Multica stServer .star t(Multica stServer .java :33)
at proem.internal.network.Netw orkManager.in it(N etwor kManager. java :67)

...

In order to prevent this, IP-adresseswere set to 10.0.0.1, 10.0.0.2 and
10.0.0.3on the participating devicesto get consistent networking performance.
The wirelesscards had to be inserted beforeapplication startup.

Alternativ e networking technologieswas not tested due to time constraints
and a lack of mobile devicessupporting other network technologies with the
abilit y to create ad-hoc networks. A test with bluetooth-enabled devicescould
be interesting for further testing of the concept and of the current implemen-
tation.
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Portabilit y
The testing of the prototype's portabilit y was done be deploying it to di�eren t
platforms, namely the Pocket PC OS of the IPAQs, using the Jeode JVM, and
the Windows XP OS of the laptop, using the JVM of JDK 1.1.8. Both versions
were compiled with JDK 1.1.8, and the class-�les were deployed on the IPAQs.
Somemodi�cations in the code had to be done to make the prototype run on
the IPAQs, and thesewereall related to the fact that relative paths to �les and
imageswere not handled well on this platform. Absolute paths had to be set,
and this of coursereducedthe portabilit y of the prototype. Once this wasdone
however, the prototype ran on heterogenousdevices.

Figure 8.4: Users working on hetergeneousdevices running ProMoCoTo are
noti�ed of the presenceof a peerwith a matching pro�le, and contact is estab-
lished
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Chapter 9

Main �ndings

The chapter presents the main �ndings of this thesis, through discussion of
central parts, an overview of future work, and a �nal conclusion.

9.1 Discussion

This section provides a discussionof the choices made during the processof
writing this thesis, and the results that have beenfound.

9.1.1 Validation of general approac h

The initial task description for this thesis was very broad, and opened pos-
sibilities for taking the assignment in many interesting directions. Through
previous experiencewith development for mobile platforms, I becamefamiliar
with the concept of P2P computing on resource-constrained,mobile devices. I
now wanted to apply this knowledge to a new setting, with collaboration be-
tween co-workers as the main focus. In a setting where mobile devicesshould
promote and support spontaneous collaboration, several special requirements
had to be taken into account. The devicesneededto discover each other au-
tonomously, and to communicate without the useexternal resources.Wireless
ad hoc networking was found to enablethis.

While CSCW is a very active �eld of research, I could not �nd much re-
search material on supporting spontaneouscollaboration using computer tech-
nology. While this made my research a bit harder, it also meant that there
was opportunities for new contributions. My approach when �rst starting out
working on this thesis, was to do an extensive search for material on relevant
subjects. Books and relevant articles of the main subjects were collected, to
get an overview of the current state of research. This also gave me an idea
of the possibilities with regards to development and implementation of a pro-
totype. The overview included available development platforms, hardware and
networking standards,aswell ascurrent implementations and research projects.
The approach of a broad search for related litterature provided important back-
ground not only to the speci�c �eld of this thesis, but alsoclosely related �elds
of research.
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Oncea good overview of the problem domain had beenestablished,I needed
to narrow down the scope of the assignment. This was done in collaboration
with my supervisor. The main focus in this part of my work was to �nd an
area of research where there was room for actual innovation.

With the scope of the thesis determined, the next step was to develop de-
tailed scenariosfor the use of a future prototype. These were important in
�nding possibilities and unsolved problems, and served as the foundation for
further research and development.

From the very start of my work, I wanted to implement a working prototype.
This prototype would be a proof of the concept I had outlined in my scenarios,
and would hopefully provide insight into the potential for such a collaboration
tool. For a functional prototype to becomea reality, an extensive research on
suitable hardware, software, networking concepts and standards was carried
out. This research included writing small applications and testing sampleson
several platforms to �nd whether they were suitable for the task at hand. This
was a time-consuming e�ort, but gave a good overview and new knowledgeof
the suitabilit y of the platforms.

When a platform �nally was chosen,I madean e�ort to get in contact with
the developers behind the platform. This was a very important step, sincethe
platform provedpoorly documented, and wasunder constant development. The
ongoing collaboration with the developers was invaluable in the development
phase.

The actual implementation of a prototype was a time-consuming e�ort,
due to a unfamiliar platform and a large of initially unsolved problems. The
poor documentation and near total lack of relevant sourcesfor information on
developing on this platform, made the early stagesof development a somewhat
frustrating experience. But important lessonswere learnt by trial-and-error.
The choiceof using an existing P2P platform for development instead of builing
everything from scratch proved to be a sensiblechoice. The proof-of-concept
could not have beenrealized without the useof the Proem P2P platform.

Well into the development process,I realized that more investigation of the
the built-in pro�les in Proem could have provided an alternative solution to
that I was implementing. Still, the implementation proved it's worth through
the experiencesgained and the test results it provided.

All in all, the working approach in this thesisgave good results. I aquired a
lot of new knowledgein a new �eld of research, and gainedconsiderableinsight
into the problem domain. I alsogainedfurther experiencewith developing P2P
applications and deploying theseon mobile devices.

9.1.2 Validation of developmen t approac h

According to Sommerville[76], the evolutionary approach of development has
three basic problems:

1. Lack of documentation. When systemsare developed quickly, it is not
cost-e�ective to produce documents which re
ect every version of the
system.
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2. Systemsare usually poorly structured. Continual changestend to corrupt
the softwarestructure. Softwareevolution is thereforelikely to bedi�cult.
The systemsconstructed using this method should not be too large.

3. Special skills are often required. Most systemsdeveloped this way must
be developed by highly skilled and motivated individuals.

The approach for the development processof this thesis did not su�er from
the �rst two problems. The amount of documentation was be held to a rea-
sonablelevel, becausethe code was not intended for everyday useand imidiate
further development, but rather as a proof-of-concept. Pitfall number two was
also avoided, becausethe implementation considerationsof section 7.2.1 were
applied, and becausethe application wasnot very big in size. During develope-
ment, the acquirement of the neededspecial knowledgewas an important and
time-comsuming part of the process. However, the neededspecial skills were
eventually aquired, and a working prototype was realized.

The use of scenariosfor unveiling both possibilities and problems with a
new concept worked very well. Since the concept and the ideas for implemen-
tation was in constant development during the entire process,this proved to
be a good way of getting ideas down to paper. They were also helpful as a
foundation for the requirements speci�cation. Use caseswas not found to be
equally suitable becausethey would specify requirements for functionalit y that
was not con�rmed to be possibleto implement at the time. Sequencediagrams
would in the sameway rely on known sequencesof events, and before initial
testing with various early iterations of the prototype, these were not known.
Becauseof the trial-and-error approach, the requirements speci�cation was not
made to speci�c.

The use of the MOWAHS characterisation framework also proved to be
valueable. Not only did it uncover important requirements to the future system
and a priorit y on these,but it also helped to revise the concept itself.

The work done on this thesis has been both interesting and exciting, as
new possibilities in a new �eld of research have beenuncovered,and interesting
results have beenfound.

9.1.3 Validation of implemen tation

The implementation's conformanceto the requirement speci�cation hasalready
beendiscussedin section 8.4. Someof the challengesfound in section 5.5 were
not adressedin the implementation of the prototype. Thesewere the abilit y of
users to choosewhat they wanted to discloseto other peersand methods for
handling partial information exchanges. Thesewere not consideredto be vital
to the proof-of-concept.

The choice of the Proem platform as the underlying P2P platform for the
prototype proved to be a good choice. Although the documentation was not
to extensive, the platform o�ered all the functionalit y the prototype needed,
and it ran on the IPAQs without to much hassle. It was in reality the only
real choice, as other platforms had a somewhatdi�eren t scope and focus. The
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team behind Proem was very supportiv e, and was of great help during the
development process.

A more extensive use of the existing Proem Serviceswould have made the
development of the prototype easier, less time-consuming and could have led
a better �nal prototype. Parts of the functionalit y, such as the updating of
the list of nearby peers,could be implemented better by using Proem database
servicesfor �nding number of peers,number of encounters and such.

The Proem documentation mentions two kinds of eventT ypes that are not
yet implemented. TheseareDecounterEvent, which is �red whenever a previous
visible peer becomesinvisible, and ReencounterEvent, which is �red when a
particular peerbecomesvisible. Thesewould make the implementation simpler
and probably make the application more responsive, since more of the work
will be done at lower layers. It could also remove the inabilit y of the current
prototype to �nd that a previously discovered peer has beenrediscovered.

The early iterations of the prototype was built using JDK 1.3.1, while the
�nal prototype was intended to run on JDK 1.1.8. The reasonfor this was that
it wasseenasmore important to get a fast con�rmation that the conceptcould
indeed be realized, than to conform to the restrictions of actual deployment
platforms.

With regards to the implementation considerationsof section 7.2.1, these
were as previously mentioned not given high priorit y. But the prototype was
neverthelesskept simple, small and with strictly local variables. It should be
easily maintainable and is well documented. Eventhough the implementation
was done in Java, the prototype was not entirely platform independent. This
was due to the Jeode JVM's inabilit y to userelative paths to resourcessuch as
imagesand �les.

The implementation is a bit fragile, but it works, and is found su�cien t
as a proof-of-concept. Extensions to the prototype and suggestionsfor future
improvements is found in section 9.3.

9.1.4 Discussion of test results

The main weaknesswith the test results is their lack of objectivit y becauseof
the limited test material available. This is especially sowith regardsto the test
personsview of the system's usability and it's potential as a useful everyday
tool. In order to draw any conclusion for this part of the test, a large-scale
user survey should be conducted. This was found to be outside the scope of
this thesis, but could be an interesting continuation of the work done. Such a
survey could make it easier to conclude on the usefulnessand validit y of the
conceptsand scenariosdepicted in this thesis, as well as providing important
feedback for the further development of the prototype.

The technical part of the test phasegave useful results. Several weaknesses
of the prototypewerediscovered,but they could all beexplained,and wasthere-
fore not very negative for the usefulnessof the prototype. With the knowledge
of theseerrors, and the explainations to why they occured, further development
should be better supported.
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The test phasealso provided a good opportunit y to have a thorough eval-
uation of the concept. The spontaneous reactions from the test personswhen
they were �rst given a brief explaination of the idea behind the useof the pro-
totype were indeed useful. Their reaction indicated that they quickly saw the
potential of such a system, and they were very enthusiastic of the idea. The
testing environment should not be seenas the only environment where a sys-
tem such as the one developed in this thesis could be applied. As an example,
while so-called"open working environments" are now wide-spreadand should
in theory lead to more interaction betweenall employees,co-workers still tend
to contact primarily those sitting closeby when they have a problem. Thus,
the prototype should also have utilit y value in such an environment. Testing
in other environments could have provided interesting results, and should be
consideredas one possibleextension to this thesis.

Also, testing with alternative networking technologies such as Bluetooth
wasnot conducted. This could alsobe an interesting continuanceof this thesis,
but there are several uncertainties with regardsto the suitabilit y of the Proem
platform in its current version for such an undertaking.

9.2 Con tributions

The main contributions of this thesis can by summarizedas follows:

� Provides an overview of available technology and existing solutions

� Provides detailed, useful scenariosfor spontaneouscollaboration using a
purpose-built P2P application on wirelessmobile devices

� Shows practical usageand utilit y value of the MOWAHS characterisation
framework

� Describestest results and experiencesfrom the development of a proof-of-
concept prototype, where cutting-edge platforms and deviceshave been
used

� Provides results from the deployment of a prototype in a real-life envi-
ronment

� Provides further related conceptsand ideas for extensionsand improve-
ments to existing solution

121



Main �ndings

9.3 Future work

As previously discussed,the implemented prototype includes only the basic
featuresof a future complete system. This section details the future work that
can be doneto improve and extend the current implementation. It alsoprovide
details on a closely related concept that can be included as a part of a future
system.

9.3.1 Further developmen t of protot yp e

Remote peer iden ti�cation
As mentioned in section 8.4, the useof pictures could make it easierfor users
to recognize the remote peer with a matching pro�le. This will be easy to
implement; the pro�les already include a �eld for the image-path. Somechanges
to the GUI would have to be made, and the transmission of �les, not just
serializedobjects, would have to be added.

Distribution of up dates
With no central distribution server, updates of the application (e.g. new mes-
sageTypes)could lead to peersbecomingunable to interact correctly with peers
running other versions. A schemeof mutual updates when con
icting versions
are found could be implemented.

Alternativ e metho ds of noti�cation
Alternativ e forms of noti�cation could be applied. Noti�cation via vibration
would be a good solution in addition to sound. It is more discreet, and users
can have their mobile device hidden. But this is more a feature of the mobile
device,not the implementation.

Transaction supp ort
When only parts of a messageis sent, and when exchangesof pro�les do not
complete in time, the systemwill needadvancedtransaction support.

User priv acy
Usersshould be able to choosewhat they want to discloseto others. This can
be an additional setting in the preferences.

Securit y
The current implementation has not taken the aspect of security into account.
Somesecurity-related issuesshould be abstracted by the Proem platform, addi-
tional security could be added. But due to the nature of the system, this is not
of high priorit y. In order to pick up messagesbetween two peers, the person
performing eavesdropping would himself have to be in closeproximit y of the
peers. Also, the content being transferred is meant to be public.
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Searching
Several extensionsto the search-part of the implementation should be imple-
mented. The abilit y to search on other �elds than skills is one essential exten-
sion. Also, the search-string could be more complex, allowing searchs such as
"*", "*ja va*" and "java network".

Usage mo des
The system could be able to run in various usagemodes. One solution could
be to have a two modesof usage:

� Activ e mode: the user is noti�ed and will have to make the descision
whether contact should be initiated.

� Passivemode: the systemwill search for matching pro�les, and store those
that give a match. The user is not noti�ed when a match is dicovered,
but he can later view the matching pro�les, and then decidewhether he
should contact the personwith the matching pro�le.

Persisten t storage
The current implementation usesregular �les for storing the pro�le and user
preferences.The introduction of a standarized data formasuch as XML, with
DTD or Schemafor strict naming conventions and restrictions of pro�les, could
have be a better solution.

File-sharing
The abilit y of the systemto exchangeupdatesof documents and various infor-
mation could be a useful extensionof the system.

9.3.2 Extensions to concept

The conceptof mobile devicesacting pro-actively to discover other devicesand
exchange information holds a potential for a large number of applications. A
conceptoriginally intended for implementation asa part of ProMoCoTo wasthe
distributed, pro-active knowledgedatabase. This concept extends the concept
of exchanging pro�les. Instead of searching in pro�les, this application main-
tains a databaseon each peer, containing problems and their solutions. This
databaseis searchable and the knowledgecontained in this is spreadamongall
peersthat happen to passeachother.

Distributed, proactiv e collectiv e-kno wledge database
Throughout the day, an employee will usually encounter problems related to
his current work tasks. When this occurs,he makesshort notesof the problems
characteristics, as well as ideas for solutions. This can be done on his desktop
computer, which is kept in sync with his mobile device at all times. Alterna-
tiv ely, the problem can be stored directly on the mobile device,which is carried
around always, at least when at work. The employee will also make a note of
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solutions to the problem if it is later solved, and store it in the sameway. Var-
ious typesof problems are stored within suitable categories,allowing for easier
retrieval of problemsand their solution. Over time, this becomesa databaseof
specialist knowledge,stored on each personsmobile device. When two or more
peoplemeet for a chat, their mobile deviceswill discover each other and form
an ad-hoc network. Dependent on the userspre-setpreferences,the devicescan
either make updates of both questionsand answers in various categoriesauto-
matically (proactive mode), or the userscan be noti�ed that they have similar
current problems. Solutions to problems can either be given directly through
ordinary face-to-facecollaboration, or each employeecan usesparetime to look
at unanswered questions, and insert his own views on various subjects. This
can be seenas an "o�ine usenet". In order to promote participation and entu-
siasm,a schemewith credits for each answer provided can be applied.

In this way, the collective knowledgeof the work place is distributed. This
part of the application can also be an important support for spontaneouscol-
laboration; the increasedawarenessof what the others are working on can lead
to more initiativ es being taken for spontaneouscollaboration. The application
can also be helpful with regards to poor short-time memory, since this list of
current problems is always carried around, and is accessableat any time.

This concept is thought to have o�er several advantages for users. In ad-
dition to initating contact and collaboration between co-workers, it will also
becomea valuable resourceover time, as a Frequently Asked Question (FAQ),
or a "o�ine usenet". The databaseis automatically updated without any user
intervention, and is always available through the useof the mobile device. The
threshould for adding problemsor solutions on such a systemcan be lower than
on regular usenet, becausethe userswill know each other. Responsecan also
be quicker, sincethe mobile devicewill constantly be in an areaof experts that
work on related subjects. The system can also be of help during discussions
with colleagues,as a reminder of the details of speci�c problems.

There are also somechallengesrelated to this concept:

� On problem will be to determine which peer has the latest version of
the knowledge databasewhen two or more peersmeet. Another related
problem is syncronization; e.g. how to distribute a new version of the
distributed knowledgedatabasewhen new categorieshave beenadded.

� How should the suitable granularit y of categoriesbe determined? Too
narrow categorieswill causemany categoriesto have little activit y, thus
little utilit y value. To broad categorieswill make it harder to �nd relevant
answers to questions.

� The knowledge database could quickly becomequite large. A solution
could be to store the content on regular servers from time to time.

� Will need a standarized data format for lists of categoriesand subcate-
gories, to enable fast updates and searching. The number of categories
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and the granularit y of each category should be speci�ed for each di�eren t
environment.

In addition to updating each other through the useof ad-hoc networks when
they meet by chance, peerscould receive updates from information kiosks at
speci�c locations. Such a kiosk would not have to be more advanced than a
ProMoCoTo peerat a �xed postion, e.g. at the water machine. This would pro-
vide frequent updates. This information kiosk could alsocontain all pro�les, to
ensuremaximum dispersion of these. (This could perhapsbe performed more
conveniently on a designatedwebsite.) Kleek[50] and Pering et.al[25] discuss
similar concepts.

Another extension of the concept could be a desktop-part of the system.
This would make input to the system more convenient, and the system could
be a hybrid using both wirelessand wired networks. Userswould then also be
updated each time they visit their o�ce. A �nal idea related to this concept
includes a credit-scheme for active participation, to ensurethat the system is
usedand becomesever more valuable.

9.4 Conclusion

The amount of research done in this �eld has beenfound to be limited. While
research on the more traditional parts of CSCW has seena large body of re-
search, the �eld of promotion and support of spontaneouscollaboration is still
in it's early stages. Several interesting research projects have been reviewed,
and their �ndings and implementations have been important as a foundation
for this thesis. The commoncharacteristic of the research projects is their com-
bination of P2P technology and ad-hoc networks. Wireless,mobile devicesare
also central as the enablersof ad-hoc networking and as the hosts for peersin
pure P2P networks.

Several interesting technologies have been found to be applicable for en-
abling promotion and support for spontaneous collaboration. The main en-
abling technologiesare the P2P platforms, which o�er abstractions of complex
networking details and allow for rapid development of P2P applications, and
the wirelessmobile devicescapable of creating ad-hoc networks. The unique
properties of these networks allows for the promotion of informal interaction
and collaboration without the needfor additional infrastructure.

The main problems found with regards to spontaneous collaboration, are
thoseof dispersedlocations, unfamiliar co-workers, the lack of sharing of hidden
knowledge,the lack of initiativ e and the short-time memory of humans. These
commonproblems lead to unsu�cien t awarenessof what others are working on
and of their skills, and this limits the number of informal interactions taking
place. This will again be a hindrance for more spontaneouscollaboration, and
these are the problems that the concept developed in this thesis tries to �nd
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solutions to.

The concept is basedon the use of computer technology, and aims to pro-
vide a system that will reduceor remove the previously found problems. This
system involves the use of an P2P application deployed on a wireless mobile
device. The system enableseach user to be a peer in a P2P network. These
peerswill discover each other autonomously, and information is passedbetween
deviceswhenever they comewithin rangeof each other. The systemwill notify
the userswhen a potential partner for collaboration is nearby, and is in this way
meant to increaseawareness,initate more informal interaction and to increase
the amount of knowledgeand information being sharedbetweenco-workers.

Although the prototype was found to have a few implementational short-
comings,it neverthelessserved it's purposeasa proof-of-concept. The lack of a
large-scaleuser survey makes it hard to concludeon the usefulnessof a future
completesystembasedon the conceptdeveloped in this thesis,but the collected
test results indicate that the developed concept is both feasable,useful and has
great potential. As previously discussed,the conceptof this thesis can be both
extended and revised, and with such improvements, the system should clearly
have the potential of becoming an actual widespread, everyday tool, with a
range of application that is still not fully uncovered.
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A.1 MO WAHS complexit y indicators

Four indicators havebeenderivedfrom the four main categoriesof requirements:

General Task Indicator (GTI)
This indicator is an averageof all the generalcharacteristics. The scoreof this
indicator will indicate the complexity of the given task and of the systemmeant
to support. The scorewill also indicate the neededcomplexity of the tools re-
quired to develop such a system.

Information Complexit y Indicator (ICI)
Being an averageof all information characteristics scores,this indicator will re-
veal the complexity of information presentation, management and transmission
that the system will have to deal with. This can also be used for determining
what mobile hosts and servers (if any) are most well-suited for the supporting
system.

Lo cation Complexit y Indicator (LCI)
This indicator is an averageog all location characteristics scores. It will indi-
cate how the location a�ects the task performance,and whether the supporting
system should include support for location information (e.g. Geological Infor-
mation System (GIS)). The score of this indicator will also set requirements
to the mobilde device's portabilit y (weight, size etc.) It will also determine
whether the system needsto be aware of its own location.

Time Complexit y Indicator (TCI)
This indicator is an averageof all time characteristics scores.With a high TCI
score,time management will be important for the system supporting the task.
The scoreof this indicator also indicates how time will a�ect the actual task
perfomance, as well as the (non-functional) system performance and system

127



Appendix

availabilit y. Finally, it will determine the required task synchronization or co-
ordination.

Five more indicators have beencomputed by combining characteristics from
di�eren t categories:

Net work Connectivit y Indicator (NCI)
This indicator will indicate the need to be online. For this thesis, this means
have a network connectionin order to perform a task. (Sinceall communication
is donebetweenpeersin an ad-hoc network, there is no needfor a connectionto
the Internet.) A high scoremeansthat a network connection must be present
most of the time. This will determine the need for networking capabilities on
the mobile device. Non-functional requirements such as reliabilit y and latency
will also be indicated by the scoreof this indicator.

Net work Speed Indicator (NSI)
This indicator is orginally intended to indicate the neededtransmission speed
between mobile clients and servers in the supporting system. For this thesis,
this indicator is used for the neededtransmission speedbetween mobile peers
in the ad-hoc network. A high score indicates the need for high transmission
speed. Thus, the indicator will indicate what kind of network technology should
be applied. The indicator can also be relevant for non-functional requirements
such as performance,Qualit y of Service(QoS) and latency.

Energy Consumption Indicator (ECI)
This indicator will specify the expectedbattery lifetime required on the mobile
device. A high score indicates high energy consumption. This will give some
indication as to what kind of mobile device will be suitable.

Transactional Supp ort Indicator (TSI)
This indicator describesthe needfor 
exible and/or advancedtransactional sup-
port. A high score indicates the need for 
exible and advanced transactional
support, while lower scoreswill indicate that traditional transactional support
such as ACID (atomic, consistent, isolated and durable) will be su�cien t.

Mobilit y Indicator (MI)
This �nal indicator describesto what extent the execution of the task involves
mobilit y. A high scoreindicates a high degreeof mobilit y for a task. The score
of this indicator can be in
uenced by the scoreof other indicators. The Mobil-
it y Indicator is useful in determining the complexity of a task, thus giving an
indication on what equipment and tool that are required to accomplishthe task.
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A.2 MO WAHS characterisation results

Figure A.1: MOWAHS characterisation results
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A.3 IEEE 802.11 layer details

Ph ysical layer
The Physical Layer in any network de�nes the modulation and signalingcharac-
teristics for the transmissionof data. IEEE 802.11de�nes three di�eren t physi-
cal layer characteristics for WLAN: oneinfrared (IR), and two Radio Frequency
(RF) transmissionmethods. Further details on theseare found in section4.4.3.
Operation of the WLAN in unlicensed RF bands such as the 2,4 GHz band
requires the useof spreadspectrum modulation (using multiple frequencies)to
meet the requirements for operation in most countries. The RF transmission
standards in IEEE 802.11 are Frequency Hopping Spread Spectrum (FHSS)
and Direct SequenceSpreadSpectrum (DSSS).

Frequency Hopping Spread Spectrum (FHSS)
When communicating between devicesusing this method, the data signal is
modulated with a narrowband carrier signal that shifts ("hops") in a random
but predictable sequencefrom frequency to frequency as a function of time
over a wide band of frequencies.Theseshifts are basedon a pattern generated
by a code sequencethat spreadsthe transmission over a wide frequency band.
In this way, the signal energy is spread in time domain rather than chopping
each bit into small pieces in the frequency domain. This technique reduces
interference becausea signal from a narrowband system will only a�ect the
spread spectrum signal if both are transmitting at the samefrequency at the
sametime. If synchronizedproperly, a singlelogical channel is maintained. The
transmission frequenciesare determined by a spreading,or hopping, code. The
receiver must be set to the samehopping code and must listen to the incoming
signal at the right time and correct frequency in order to properly receive the
signal. The duration of time the frequencyremains the samecan be set. With
short periods, frequency hopping is frequent and the hop rate is high. If the
frequencyhopping occurs at a faster rate then the messagebit rate, we have a
fast-hop system. If the hop rate is lower then the bit rate of the message,the
system is called slow-hop.

Direct Sequence Spread Spectrum (DSSS)
With communication using DSSS,a carrier is modulated by a digital code. This
code bit is larger then the information bit rate. The code bits represent a re-
dundant bit pattern generatedby DSSS,and is applied to each information bit
to be transmitted. This bit pattern is referred to as a chip or chipping code.
The longer the chip, the greater the resulting abilit y of a receiver to recover
the original data. However, since each information bit is encoded into e se-
quenceof bits, additional bandwidth is required. Becausethe chipping code
adds redundancy to the information being transmitted, this permits a reciever
to recover the original data if oneor morebits aredamagedduring transmission.

In order for wireless devicesusing WLAN to be interoperable, they have to
have the samephysical layer standard. Therefore a deviceusing DSSScan not
communicate with a FHSS-baseddevice.
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Media Access Con trol layer
The IEEE 802.11speci�cation of the MAC layer hassimilarities with the 802.3
Ethernet standard[32]. The protocol for 802.11usesa protocol scheme called
carrier-sense,multiple access,collision avoidance[38, p 250] (CSMA/CA). The
detection of collisions is di�cult to achieve in an network using RF transmis-
sion, so this protocol avoids collisions instead of detecting a collision like the
algorithm used in 802.3. The MAC layer operates together with the Physical
layer by sampling the energy over the medium transmitting data. The physi-
cal layer usesa clear channel assessment (CCA) algorithm to determine if the
channel is clear. This is accomplishedby measuring the RF energy at the an-
tenna and determining the strength of the received signal. If the received signal
strength is below a speci�ed threshold, the channel is declaredclear. The MAC
layer is then given the clear channel status for data transmission. If the RF
energy is above the threshold, data transmissionsare postponed in accordance
with protocol rules.
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A.4 Blueto oth usage mo dels

Miller and Bisdikian[61] describes a number of usagemodels (scenarios) for
Bluetooth from the end user'sview. Most of thesehave corresponding Pro�les,
while others have Pro�les in the making. This shows the many areasin which
Bluetooth can have utilitarian value.

The Cordless Computer
This usagemodel is meant to illustrate the replacement of many of the ca-
bles associated with computer peripherals. In addition to communicating with
keyboards, mice, speakers, printers and such through Bluetooth wirelesscom-
munication, the computer can also communicate with other devices such as
PDAs, Digital Cameras. This provides more convenient installation and use,
and more freedom in placement. Device sharing is also made easier.

The Ultimate Headset
Bluetooth technology also includessupport for voice. Headsetsusing Bluetooth
will require no cables, providing improved mobilit y. Since the speci�cation
o�ers a standard interface, the sameheadsetcan potentially be usedfor audio
interaction with other devices,such as your home computer, your stereo and
such.

The Three-in-One Phone
With Bluetooth technology incorporated into a mobile phone, this phone can
be usedas both a traditional mobile phone, as a cordlessphone connecting to
a basestation and as an intercom for direct phone-to-phonecommunication.
The direct phone-to-phonecommunication can have limited utilit y, since the
standard Bluetooth range is only 10 meters.

File Transfer
With Bluetooth wirelesscommunication, point-to-p oint links between various
mobile devicescan be established. This provides opportunities for exchanging
data �les and objects without the need for 
opp y disks or any cables. This
is already common through the use of infrared, but Bluetooth will be more
convenient to use,since it doesnot require a clear line of sight.

The In ternet Bridge
Bluetooth wirelesscommunication can be usedto createa bridge to established
networks such as the Internet og various Intranets. This can be done either by
using Bluetooth to connect to a device that can provide a dial-up connection
to the Internet, or by using Bluetooth to connect to a Data AccessPoint.
This Data AccessPoint can be shared by several devices,all using Bluetooth
wirelesscommunication. Again, no cablesare used,and connecting is easyand
convenient for the end user.
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Ad Ho c Net working
Personal Area Networks (PAN) utilize the possibilities for ad-hoc networking
that Bluetooth provide. Ad-hoc networks arenetworks that form spontaneously,
and a these can have great utilitarian value. Collaborative applications such
as real-time viewing and group editing of presentations, instanting messaging
and �le exchange without any prior setup are amongst the applications can
be realized with the use of ad-hoc networks. Bluetooth can be an enabling
technology for such networks, but work still remains to establish interoperable
methods for general networking. This include various issuessuch as routing,
name serving, addressassignment and others.

Hidden Computing
Also referred to as unconsiouscomputing, this usagemodel describe the useof
Bluetooth for interaction with devicesthat cannot be seen,or interaction be-
tweendeviceswithout the user'sactive involvement. An exampleof this would
be a for a laptop to use a "hidden" mobile phone as an Internet bridge to ac-
cessa network. Another example is Bluetooth devicesdetecting, connecting
and discovering serviceso�ered by other devicesin the vicinit y all without the
user being aware of it.
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A.5 Commercial P2P collab oration systems

Opencola[43] (Open collaborative object look-up architecture) has developed
an open-sourceapplication which lets userssearch for documents in the other
employees workspaces,using P2P technology. XQuery is used to search for
information. The system also supports various forms of collaboration such as
chats and �le-sharing. But the application is con�ned to desktop computers,
and is not intended for use in ad-hoc networks.

The P2P collaboration vendor Groove Networks[62] has created an enter-
prise collaboration platform which can be used to connect peer groups on-
the-
y using its own set of protocols. Both the client and server-part of the
Groove application sits on the usersdesktop computer, but Groove peergroups
can include network-connectedmobile devices.

Ellipsus Systems[42] has developed a mobile application server suite based
on P2P architecture. The suite, called in�niteMASS, is designedto deliver data
and applications basedon dynamic characteristics of end devices,such asdevice
type, user pro�le, and location.

BadBlue[41] includes a tiny Web server which can be usedfor app serving,
P2P �le sharing, and data transcoding. The webserver allows networked users
to work concurrently on ODBC-compliant documents, such asWord documents
and Excel spreadsheets.
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A.6 JavaDo c

ClassCollab orationP anel

Title: CollaborationPanel
Description: Displays a list of all peerswith pro�les matching query currently
nearby

Declaration

public classCollaborationPanel
extends javax.swing.JPanel

Fields

� public javax.swing.JList jList

� public javax.swing.JLabel idLab el

Constructors

� CollaborationPanel
public Collab orationP anel ( CollaborationPeerletGUI g,
CollaborationPeerlet c )

{ Description
Constructs a new Main panel

Metho ds

� actionPerformed
public void actionP erformed ( java.awt.event.ActionEv ent
event )

{ Description
Finds what event has just beenperformed

{ Parameters

� event { The ActionEvent �red

� addNotify
public void addNotify ( )

� setListData
public void setListData ( java.lang.Object[] arra y )
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{ Description
Setsarray data in the list

{ Parameters
� array { Objects to be added to the list

� setVisible
public void setVisible ( boolean b )

{ Description
Shows or hides the component depending on the boolean 
ag b.

{ Parameters
� b { if true, show the component; otherwise, hide the

component.
{ See also

� java.awt.Component.isVisi ble( )
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ClassCollab orationP eerlet

Title: CollaborationPeerlet
Description: This application facilitates spontaneouscollaboration through
the useof mobile P2P.

� Display information about discovered peer

� Read pro�le

� Discover other peers

� Search for speci�c subjects

� Notify user of presenceof nearby peerswith matching pro�les

Declaration

public classCollaborationPeerlet
extends proem.peerlet.AbstractPeerlet

Constructors

� CollaborationPeerlet
public Collab orationP eerlet ( )

{ Description
Createsa new CollaborationPeerletGUI.

Metho ds

� createPro�le
public proem.user.UserProfile createPro�le (
proem.user.ProfileAttribu te[] pa )

{ Description
Method called by Proem to create an user pro�le

{ Parameters
� pa { An array of attributes for the pro�le

{ Returns { A new UserPro�le-ob ject

� destroy
public void destro y( )

{ Description
This method unloads the peerlet. Pro�le is written to �le before
the peerlet is shut down.
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� getName
public java.lang.String getName ( )

{ Description
Returns the name of this peerlet

{ Returns { The name of this peerlet

� getPro�le
public Profile getPro�le ( )

{ Description
Returns the pro�le of local peer

{ Returns { The pro�le of local peer

� getSupportedProtocols
public proem.protocol.ProtocolTyp e[] getSupp ortedProto cols(
)

{ Description
Returns a list of protocols supported by this peerlet

{ Returns { The array of ProtocolTypes

� handleClickedItem
public void handleClic kedItem ( java.lang.String item )

{ Description
Identi�es a chosenitem from the list of nearby peers,and sendthe
details to a panel displaying thesedetails.

{ Parameters
� item { The item chosenfrom the list of nearby peerswith

matching pro�les

� handleProemEvent
public void handlePro emEv ent ( proem.event.ProemEvent event
)

{ Description
This method handlesthe events as they occur.

� EncounterEvent - A peer is encountered. If this peer has not
beenencountered before,an exchangeof messageswill start.

� IncomingMessageEvent - A messagehas beenreceived, this
messagemust be handled correctly.

� ContextChangeEvent - A changein context has occured. The
list of nearby peersis updated.

{ Parameters
� event { The ProemEvent to be handled.

� init
public void init ( )
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{ Description
Initializes the peerlet and puts it into service. Subscribesto the
EventT ypesENCOUNTER EVENT and
CONTEXT CHANGE EVENT.

� notifyUser
public void notifyUser ( )

{ Description
Noti�es user of events by emitting a sound

� performPro�leSearch
public QueryResult performPro�leSearc h( java.lang.String
query , java.lang.String �eld )

{ Description
Performs a query in the local pro�le

{ Parameters
� query { The search-string
� field { The �eld to search in (e.g. Skills)

{ Returns { A QueryResult-object, holding skill-objects that
matched the query

� run
public void run ( )

{ Description
This method must be implemented to for this peerlet classto
extend AbstractPeerlet.

� updatePro�leList
public void up datePro�leList ( )

{ Description
Updates the list of nearby peerswith pro�les matching search
criteria

� writePro�leT oFile
public void writePro�leT oFile ( )

{ Description
Writes pro�le onto �le pro�le.pro
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ClassCollab orationP eerletGUI

Title: CollaborationPeerletGUI
Description: This classcontrols the various Panels that make up the GUI

Declaration

public classCollaborationPeerletGUI
extends javax.swing.JFrame
implemen ts java.awt.event.ActionListener, java.awt.event.Windo wListener,
java.awt.event.KeyListener

Constructors

� CollaborationPeerletGUI
public Collab orationP eerletGUI ( CollaborationPeerlet c )

{ Description
Constructs a new GUI

{ Parameters
� c { Refrerenceto the CollaborationPeerlet-object

Metho ds

� actionPerformed
public void actionP erformed ( java.awt.event.ActionEv ent
event )

{ Description
Invokesmethods for handling the button clicked

{ Parameters
� event { The ActionEvent �red

� exit
public void exit ( )

{ Description
Writes pro�le to �le beforeexiting the application

� getMainPanel
public CollaborationPanel getMainP anel ( )

{ Description
Returns The Main panel

{ Returns { The Main panel
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� getPro�lePanel
public CollaborationProfilePanel getPro�leP anel ( )

{ Description
Returns The Pro�le panel

{ Returns { The Pro�le panel

� keyPressed
void keyPressed ( java.awt.event.KeyEvent )

� keyReleased
void keyReleased ( java.awt.event.KeyEvent )

� keyTyped
void keyT yp ed( java.awt.event.KeyEvent )

� setMainPanel
public void setMainP anel ( )

{ Description
Sets the Main panel as the active panel

� setPreferencesPanel
public void setPreferencesP anel ( )

{ Description
Sets the Preferencespanel as the active panel

� setPro�lePanel
public void setPro�leP anel ( )

{ Description
Sets the Pro�le panel as the active panel

� setVisible
public void setVisible ( boolean b )

{ Description
Shows or hides the component depending on the boolean 
ag b.

{ Parameters
� b { if true, show the component; otherwise, hide the

component.
{ See also

� java.awt.Component.isVisi ble( )

� windowActivated
void windo wActiv ated ( java.awt.event.WindowEve nt )

� windowClosed
void windo wClosed ( java.awt.event.WindowEve nt )
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� windowClosing
void windo wClosing ( java.awt.event.WindowEvent )

� windowDeactivated
void windo wDeactiv ated ( java.awt.event.WindowEve nt )

� windowDeiconi�e d
void windo wDeiconi�ed ( java.awt.event.WindowEve nt )

� windowIconi�e d
void windo wIconi�ed ( java.awt.event.WindowEv ent )

� windowOpened
void windo wOp ened( java.awt.event.WindowEvent )
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ClassCollab orationPrefP anel

Title: CollaborationPrefPanel
Description: Shows your personaldetails and preferencesfrom your own
pro�le. Thesepreferencesare can be edited.

Declaration

public classCollaborationPrefPanel
extends javax.swing.JPanel
implemen ts java.awt.event.ActionListener

Constructors

� CollaborationPrefPanel
public Collab orationPrefP anel ( CollaborationPeerletGUI g,
CollaborationPeerlet c )

{ Description
Constructs a new Preferencespanel

Metho ds

� actionPerformed
public void actionP erformed ( java.awt.event.ActionEv ent
event )

{ Description
Need to update local pro�le with new valuesPro�leList is reset, so
a new search criteria will have immediate e�ect

{ Parameters
� event { Update-button is clicked

� addNotify
public void addNotify ( )

� readPreferences
public void readPreferences ( )

{ Description
Readsthe information in textarea, createsskill-objects and updates
the pro�le

� setDetails
public void setDetails ( )

{ Description
Sets the details to be displayed in this panel
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� setVisible
public void setVisible ( boolean b )

{ Description
Shows or hides the component depending on the boolean 
ag b.

{ Parameters
� b { if true, show the component; otherwise, hide the

component.
{ See also

� java.awt.Component.isVisi ble( )
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ClassCollab orationPro�leP anel

Title: CollaborationPro�leP anel
Description: Shows the details of a chosenpro�le.

Declaration

public classCollaborationPro�leP anel
extends javax.swing.JPanel

Fields

� public javax.swing.JTextArea windo w

� public javax.swing.JScrollPane scroll

� public java.awt.Lab el lab el

Constructors

� CollaborationPro�lePanel
public Collab orationPro�leP anel ( CollaborationPeerlet c )

{ Description
Constructs a new Pro�le panel

{ Parameters
� c { A referenceto a CollaborationPeerlet-object

Metho ds

� actionPerformed
public void actionP erformed ( java.awt.event.ActionEv ent
event )

{ Description
Finds the sourceof an action

{ Parameters
� event { The ActionEvent �red

� addNotify
public void addNotify ( )

� setPro�le
public void setPro�le ( Profile p )
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{ Description
Sets the pro�le to be displayed

{ Parameters
� p { The pro�le to be displayed

� setVisible
public void setVisible ( boolean b )

{ Description
Shows or hides the component depending on the boolean 
ag b.

{ Parameters
� b { if true, show the component; otherwise, hide the

component.
{ See also

� java.awt.Component.isVisi ble( )

� startup
public void startup ( )

{ Description
Sets the details to be displayed
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ClassQuery

Title: Query
Description: Holds a query that the local peer want to sendto other peers

Declaration

public classQuery
extends java.lang.Object
implemen ts java.io.Serializable

Constructors

� Query
public Query ( )

{ Description
Constructs a new Query-object

Metho ds

� getQuery
public java.lang.String getQuery ( )

� setQuery
public void setQuery ( java.lang.String q )
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ClassQueryResult

Title: QueryResult
Description: Holds resulting hits from a query, and the id of the peer holding
theseskills

Declaration

public classQueryResult
extends java.lang.Object
implemen ts java.io.Serializable

Constructors

� QueryResult
public QueryResult ( )

{ Description
Contructs a new QueryResult-object

Metho ds

� setResult
public void setResult ( Skill s )
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ClassSkill

Title: Skill
Description: Holds information of a skill that a peer possess

Declaration

public classSkill
extends java.lang.Object
implemen ts java.io.Serializable

Constructors

� Skill
public Skill ( )

� Skill
public Skill ( java.lang.String cat , java.lang.String name ,
java.lang.String desc )

{ Description
Constructs a new Skill-object

{ Parameters
� cat { The skill category
� name{ The name of the skill
� desc { A description of the skill

Metho ds

� getSkillCategory
public java.lang.String getSkillCategory ( )

� getSkillDescription
public java.lang.String getSkillDescription ( )

� getSkillName
public java.lang.String getSkillName ( )

� setSkillCategory
public void setSkillCategory ( java.lang.String c )

� setSkillDescription
public void setSkillDescription ( java.lang.String d )

� setSkillName
public void setSkillName ( java.lang.String n )
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