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Abstract

Personal information is highly distributed between different data formats, applications, Internet
services, computers and devices. It is difficult to get an overview of artedlready knowe.

Popular personal information managemeiiM)approachesisuallyprovide yet another

isolated place wherg¢he data is keptOn the other hand, xperimental approachethat allow for
accessing distributed informatiasften do not provide sufficient means for integrating it.

The aim of this project is to develop a battnderstanding of how personal information
management can be improved by integrating informatiorganizing it through linking, tagging

and assigning meaning, and by supporting an individual way of working withaitysis of

problems and scenarios hiel to the design of a model for managing diverse types of
information from various sources in a unified way. A prototype has been implemented based on
this model.

Theproposed model has been evaluated on the basis of the capability to realize certain
scerarios, the functionality it provides and the potential to integrate with new technologies. It
was found that the model eliminates many PIM problems and provides the user with a central
place to store, organize and find their information.
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1.1 Motivation| 1

1. Introduction

1.1. Motivation
Ly (2RI &Qa ¢2 NI Rdigitdinfdriafton foofh dlicsidedMeSdreivaaid share
informationin the form of emails, instant messages, rich text, pictures, documents, music files,
etc. This happens all the time, whether we are at home, at sthat work, out on the town or on
holidays We use a multitude of applicatiomghich enable us to work with this information. We
keepthat information on different computers, mobile devices and on the InterAsta result,
the information that we are irgrested in is highly distributed between formats, applications,
devices and locations.

The most important problems arising from the distributed nature of personal information are
described below.

Due to the significant number of different applications at&Vices that are used to handle

personal information, this information is highly fragmentgdarger, et al., 200&)nd thus

difficult to work with The pieces of information that a person needs to make a decision might be
scatered between different places: an email application, a social networking site, an address
book on a mobile phone, et&ometimes we know thate are in possession of some

information, but we abandomopeto find it as it requires too much effo(feevan, et al., 2006)

At different timeswe may forget to use information even when (or sometimes because) we have
taken pains to keep it somewhere in our lig@snes, 2005)

People try to unify fragmented information on their own. The most typical way is to use copy and
paste functionality to copy data from one place to another. However, this leads to the duplication
of information(Karger, et al., 20Q06Duplicated information may quickly become inconsistent if

the user updates it in one place, but forgets to do it in the otligs also quite cumbersome to
actually performs such updates. This often leads to a dilemma for gseingch place shoid |

use for putting new information?

Another problem arising from the use of different systemhat it is often not possible to link or
reference information stored somewhere el&nes, 2005A picture stored in a didile might

be associated with a person in an address book, but it is not usually possible to link those two.
Studies indicate that following links is the preferred mettiodfinding information ratherthan
jumping directly to the targefAlvarado, et al., 2003)

Users are also limited on the amount and type of information that applications allow them to
store. An application designed for managing pictures and galleries will not usually let the user
keep other data thabne wauld associated with theng people, places, events, et¢cor will only
allow it to be stored in an unstructured form (i.e. a big text box).

Unstructured data is one that lacks semantics. It is only suitable for consumption by a human
beingwho canunderstand the information it containsMachines cannot easily process this
information, which reduces the value that a computer system can add Evitthis reason,
information systems store data in a structured format wherever pos@itigich, et al., 2005)
Unfortunately, a lot of information that people produce is unstructugegtmail messages,
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documents, pictures, audio and video recordiggmd poses problems for its automated
management.

Structured information, on the othrehand, can be queried and viewed in different ways.

However, it is currentlympossible to perform queries that would combine data from different
sourceqDittrich, et al., 2005)Suchqueries can reduce the amount of manuaink that a user

would have to perform in order tanswer a question like: What are the phone numbers of the
people that | am supposed to have a meeting with today? Existing applications also limit the user
with respect to the was the information they comin can be viewed. They often provide just one

or a few different ways of presenting it. However, there are unlimited possibilities in which
different types of information can be visualized, especially if one takes into account related
information.

1.2. Proble m definition
This thesis proposes a model which allows for unifying distributed information. Unification is
achieved by loosening the boundaries between different types of information and different
sources. The user should be able to interact with infoioratn a similar way irrespective of what
it represents or where it corrsfrom.

The thesis will try to find outdw to improve personal information management through:

1 integration of various sources of information, such as social networks, email, cadendar
documents, images, music files, etc.,

allowing the user to store different kinds of new information,

combining, linking, assigning meaning, tags or other metadata to information,
organizing information into meaningful groups,

presenting information in avay that is useful to the user, and

sharing information with others.

= =4 -4 —a -

During this project a prototype has been constructed with the intention of providing more
understanding andhsight into these problems. The prototypealso used as a basis for
validating the model. However, it is not the aim of the prototype to conduct user experiments
with.

1.3. Contributions
As a result of this thesis, the followingain contributionswere made:

1 A model enabling the unification of information available in différsourceshas been
designed

1 A method of reducing information fragmentation and duplication through defining
equivalent objectdias been described

1 An approach to improving unstructured information management by extracting
meaningful fragmentsas been prposed

1.4. Report structure
This report is divided into the following sections:
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Analysisexamines the theoretical problems involved in creating a personal information
management system that would realize the goals described earlier and proposes solutions to
these problemsUse caseBvestigates a few scenarios $ee how PIM processes can be
improved.Designdescribes the essential elements for the PIM system and how they function
together.Implementationdiscusses some of the design decisions that were made while creating
the prototype, but which are not essential to the model of the systself. Evaluationassesses
the suitability of the proposed model for solving the problems outlined abdiscussion
mentions technical problems that were encountered during implementation and alternative
design decisions that could have been maRelatel workscompares the model proposed in this
thesis to other academic approachies solving similar problems. The last secti@onclusion
summarizes the project and its findings.
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2. Analysis

This section starts by discussing what personal informatiamhat are its characteristic features
and where can it be found. It continues with a description of three commercial applications for
personal information management. Next, an analysis is performed of how personal information
kept in different places can bmmbined together and what problems are associated with this.
Finally,a comparison of the suitability of various data models for storing personal information is
performed.

2.1. Personal information

2.1.1. Definition
Personal informationin popular understandings a termwhose scope varies significantly from
person to personkor some, it representany information that can be used to identiiy
individual such as a name or some government personal ID nuriibes kind of information is
usually associated with the problem of privacy and identity tk8&thoen, 2009}-or othersijt
includes information that one might keep in a paper organizer, such as a phonebook, a private
calenda or a todo list(Teevan, et al., 2006 p. 430me make a clear distinction between
private and corporate or businesslated information and do not consider the latt&persona
anymore.With the advent ofweb-basedsocial networks, many people started to regard
information exchanged through them, such as photos, videos, links and comrasmisrsonal,
as itrelates directly to themselves or to their interegBoyd, et al., 2007)

In fact, any kind of information that is somehow related to a person can be regarded as personal

information. This is described by Joneqdones, 2008Wwhere he defines six (sometimes

overlapping) classes of information basgdo G KSA NJ NBf I A2y akKALI G2 |

Information that is controlled or owned by me.
Information that is about me.

Information that is directed to me.

Information that is sent, posted or provided by me.
Information that has been already experiencedng.
Information that is relevant or useful to me.

I o

In this project, | am particularly interested in the last class of informafibisclasscan include:

9 private or public information,
T information that is directly related to a person (such as a picturgoaieone), or related
through the interests of a person,

A 2 4 A ~

T AYF2NXIGA2Yy 021ttt SOGSR FT2NJ 2ySQa 26y LINAGFGS

 information that is accessedom home, school oawork environment.

For the purpose of this paper, | will defipersonal information as any information that is of
importance to a person and which the person is interested in keeping traekha¢h is similar to
the definition given ir{Larsen, 2005 p. 18)

)
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2.1.2. Characteristics
As personkinformation is such a broad term, it is natural that it includes types of information
that differ substantially from one another. One can distinguish several dimensions along which
these types can be classified:

Frequency of use
According tgCole, 1982)information can be classified intbe following categoriebased on
the frequency with which the user refers to that information

T 9LKSYSNIt o6Fftaz OF f-inBrRationiwlich s 2sgd nbwcF &ilNa¥ | (G A 2 v €
usedin the near future it has a short life time.

1 Workingg information which is frequently used, such as personal work files.

9 Archivedc infrequently used information.

In a physical environmengphemeral information might be stored on stiitkhotes placedn a

dza SNDa RS&1X 6KSNB AlG A& AYYSRAIFLGSte | @FAflofS
document tray so that it could be retrieved quickly. On the other hand, archived information

would be put in binders located on a shelf or in a separate storage ras it is only needed

from time to time. The same organization principle should be used in a personal information
management system.

Internal s tructure

The degree of internal structure determines whether a piece of information stored on a
computer is oganized into a fornsuitable for processing by a prograAithough personal
information is intended for consumption by a human user, it is beneficial when a computer
algorithm can be usef its processingThis enables executing structured queries agjdhmat
information, sorting it according to some property, and so eor. this reason, information
systems store data in a structured format wherever posgbigrich, et al., 2005)

One can distinguish the followirtgtegoriesof internal structure

1 Unstructuredg information that has no irdrnal structure, such as@deartext note. It is
difficult to automatically extract meaningful information from such data.

1 Loosely structured information that is generally unaictured, butwhich contains
embedded markers that allow for processing of certain pieces of it. An example of this
kind of information could be an HTML document using microforr{idisro09)¢ special
markup elements that idetify specific kinds of data, such as people, events or
geographical locationsvithin the otherwisecleartext.

1 Formally structured; information that is stored in a wetlefined form, such as data in a
relational databaseEvery piece of information hassigned metadata specifying its
meaningq such as a field name or data type.

Topology

As personal information covers a broad range of subjects, the arrangement of relations between
pieces of information can also differ substantiabpr example, peopl@ ancorporate

organizational structure can be arranged in a hierarchy, while the relations between friends in a
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social network would rather resemble a mesh, whagerson could bédinked to any otherNot
all topologies are suitable for all kinds ofdrhation.

Type of medium
Personal information caimclude not only texbased data, but also images, audio and video.

Confidentiality

Information in a PIM system can be classified as private or piilis.classification is mostly
unrelated to the typeof informationc for example, one appointment in a calendar can be
considered by the user as private, while another can be freely shared with friiermddleagues

Source

LYT2NXIFGA2Yy OFy 0SS Ipgsoraltomguterdt can BeGtoredbna 2y |
computer available through a network, or on a mobile device. It can also be available from an
Internet web service, such as Facebbdieproblemof multiple sourcess discussed in more
depth in the following section.

2.1.3. Sources
Personal informatiorran be found mostly anywhere. We keep it on our computers, mobile
devices andin the recent years, increasingin the Internet.The WorldWide-Web is evolving
fromnonA Yy G SNF OGAGS 6So6aArisSa G2 azYS.sicghgeptisK |
defined in terms of popular practices and certain principles, sischlogging, wikis, participation,
tagging and user contributions over personal webpages, directories and content management
systemgqO'Reilly, 2005)The Web dday is full of services that focus on social interactiod
collaboration in different contexts, for example:

Blogs Blogger, WordPresBJogspot

Communication Google Talk, Twitt&rJabbey Google Wave

Social networking Facebook, Orkut, LinkedMySpace Meetup.com
Applications Gmail, Google Docgoogle Calendafffice Live
Wikis: Wikipedia, Wikia

Social newsReddit, Digg

Photo sharing Flickr, Picasa, Photobucket

Video sharing Youtube

Music sharing Last.fmPandora,Grooveshark

Virtual worlds: Second Life, Lively

= =4 -4 4 -4 —a & -2 -9
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As the popularity of those services increases, people use them to store and manage more of their

important personal information. In the past, we would store photos from trips in a photo album
on a shelf, or, since the advent of iy cameras, burn them on a CD and maybe publish to a
private web site for others to seeow we just upload them to Flickr or Picasa. Many people
R2y Q0 -dziil 8liert ghynreg; all of their mail is kept on Gmail, Hotmail, or some other on
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take care of.

! http:/lmww.facebook.com/
2 hitp://www.twitter.com/
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The problem with those services today is that tmegemble data silog separate databases that

are in no way connected to each othéBreslin, et al., 2008 p. 1B)is difficult or impossible to

access or refer to information that is stored in one site from another Biterder to get an

overview of all the people a person knows, it would be necessary to vigitcél setworking

sites the person is a member &ome of the friends and colleagues might only be present on one

2F GK2asS aridsSas oKAES 20KSNB O2dzA R 6S I YSYOSN
information is scattered across different welesit with some of it being duplicated in many

places.

But even on a single computer, personal information is distributed among different applications.
We use one program for managing email, another for writing documents, and yet another for
planning and caindaring.lt is often the case that information in one application relates in some
way to what is stored in anothgrogram For example, a picture in an image gallery application
might depict a person whose description is kept in an address applcation.However it is

usually not possible to create a link between these two information objsctshat the picture

could be retrieved from the address book entry and vice vdrsather cases, information is
duplicatedor fragmentedacross appl@tions: a calendar application often has an address book
of its own, and so does anrrail client.It is therefore necessary to look in many places to get a
complete overview about a particular subjeThis can also introduce other problendgvVe may
change data in one place (perhaps a new married name in the address book) and fail to change it
elsewhere, leading to inconsistency that makes it even more difficult to find inforrétiarger,

et al., 2006) Thissituationalsooften leads to a dilemma for the user: which application should |
use to store my information so that it will be easily accessible later?

2.1.4. Metadata
Finding the desired information that was once entered into a system is not easy. Larsen
described that there is an inherent dilemrtmthe problem of storing and retrieving information:
the more effort is spent on properly filing information, the easids ito later retrieve it Not all
users are willing to invest the time to file the information properly, especially since it is often
difficult to identify in advance which information will be needed in the fut{lrarsen, 205 pp.
43-45).

However,using metadataan help in information retrieval without requiring too much initial
effort from the userMetadata is extra information describing a piece of information stored in a
system.It could be the title of a song, the date when a picture was taken, or a person that is an
author of adocument. Rrsonal information is closely related to the user, meaning that the user
already possesses some knowledge about the piece of informatioratteeipoking for.

Metadata can therefore help in finding it.

Some metadata, such as types and links, is already kept as part of existing software systems
because it is an essential part of how they functiOther metadata, such as the one comprising
context, is usually available even though it is not normally recorded by a system. And yet another
type of metadata, such as tags, is not assigned automatically by a computer program, but can be
quickly and easily stored manually by the user.
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Tags

Tags are sirlg words thatsomehow describe a piece of information. It should be easy for the
user to come up with relevant tags just by thinking about what they associate the information
with in their mindsEvery piece of information can be tagged with one or moredsoln this

way, retrieving the information in the future would require the user to think about the possible
associations and then browsing through the information items that match those tags.

Context

Context is a property that applies especially to infation gathered using a mobile device. In

essence, it is the situation and the surroundings in which the user is in alontheiitimobile

RSOAOS: AyOftdzZRAY3 GKS adl GS canextid &pinfamiaBoN 6 KSYa St T
that can be used toharacterize the situation of an entity. An entity is a person, place, or object

that is considered relevant to the interaction between a user and an application, including the

dza SNJ I Yy R I LILJ A(Ddy,R00@)y (KSYaSt @Sas

Cmtext can include such information as the current time, geographical position, available
wireless networks, weather and temperature, movement velocity and acceleration, etc. A
sophisticated mobile device could be able to use those parameters to deterimene t

environment in which a user is in (driving a car, attending a university lecture, at work, outdoors
¢ street name, etc.) This information can be attached as metadata to objects created on a device
at a given time (photos, notes, messages, etc.) Findiiogmation that is annotated with such
metadata would be much simplified for the user, who would just need to answer questions such
as: What were | doing? Where were 1?

Links

Information stored within a existing softwareystemis already interlinked wit other pieces of
information. For example, an email client links messages to contacts (sender, recip@®athir
messages (threads), and to folders. Most software is limited in the types of links and the types of
information that can be linked togethe e.g. it is usually not possible in an email client to link a
message to an arbitrary contact, only senders and recipients are permitted. Nevertheless, reusing
information contained in existing links can help the userridifig what they are looking fdoy

following links from one item to another.

Types

Another feature of information storeth existing systems is that it represents some particular
thing. A piece of data might be a picture, an email, a document or can represent a person, an
organization or a place. Each piece of data usually has an associated type, which tells the
application how should it be treated. A set of types in an applicateonforma hierarchyg an

email could be a kind of document, a person and an organization could batadras a contact.
This hierarchy of types can then be leveraged when searching for information.

2.1.5. Related problem domains
According to Thomas and Jones, personal information managefRéMdA & O2 y OStNg/ SR 6 A (K
methods by which individuals handbategorize and retrieve informatiérJones, et al., 1997)
Howeverthis statement does not reflect the broad set of activities and problem domains that are
AYy@2t @SR AY Yl ylI3Ay3a SoyeSithamatadfsteditlgh: t Ay F2NNI GA2Yy d
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Information management
Information management deals with problems associated with structuring information, its
storage and retrievalt is related to the following problems

choice of database models and systems,

integration and interoperahiy between systems,

definingtaxonomies, ontologies and systems for classifying information,
usingmachine learning andata miningto improve the quality of information

= =4 =4 =4

Content management

PaSNRA LISNE2YFE AYyTF2NXI (A2 ycdacamed Mdiesapitdres2 T O N
contact information, web bookmarks, etc. A personal information management system must

therefore, in some ways, resemble a Content Management System (CMS) such as the ones used

for publishing information on web sites. Suchyastem aids in storing, classifying and retrieving

data. Often these systenoperate on the principle of the separation of content from its graphical
presentation. Theyet the user definea custom data model and a setteinplateswhich can be

used to vsualize the data corresponding to that model.

Time management

Time management includes tlaetivities associated with keeping appointments and dividing

time between different tasks that need to be performed. It involves the problems of effective
remindingabout upcoming events, prioritizing tasks so that a person is not overwhelmed by the
amount of work that needs to be done, and at the same time making sure they are accomplished
before deadline.

Contacts management
Contacts management involves storing imf@tion about people and organizations and the ways
they can be contacted.

Communication

This problem involves using different channels of communication (such as email, instant
messages, phone calls, text messages, or even status updates on social appmarknanaging
information exchanged througthesechannels.

Psychology

The differences between individual human beingsheir approach to organizing

information have a profound impact on the PIM domain. Research by Mélakone,

1983)identified twodistinct stylesn which peopleorganized their officeg Gy S| ¢ ad e f
where the flow and location of documents is structured (e.g. from dveisket to an out

0l 4180 2LIWGA2y It fteé (KNP dgefvhdre dacknehtiRage stadkdde v = |
into many piles with the most recently used located on top. Obviously, any PIM system will

have to take such individual differences into account.

But research into human psychology is important also in other areas, sychkdsmsolving,

decisionYF { Ay 33 | yR OFGSIA2NARTFGA2yd C2NJ SEI YLX S 47
can be viewed as an act of probleolving and folders created to hold supporting information

may sometimes resemble a partial problem decompms{tiones, 2005 p. 20)
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Group information management

Personal information management involves communication and cooperation with other people.
The termgroup information managemen(GIM) isusedby Erickson to describe the problem of

how personal information is shared with a group, emphasizing the norms that underlie that
sharing, as well as the ways participants negotiate these norms in response to the tensions that
sharing inevitably producédg&rickson, 2006)

2.2. Commercial management approaches
The following section describes three applications theate been on the market for a significant
amount of time and represent different approaches to managing personal infoomati

2.2.1. Microsoft Outlook
Microsoft Outlook i©ne of the most popular applications in the class of persorialmation
managers offering the calendapbntactstodo® functionality This groupalso includes Lotus
Organizer, Novell Evolution, and others.

Microsoft Outlookcan be used to managemail messages, contacts, calendar events, tasks (to
do items) and short textual note$hese items can be placed into folders, such as Inbox, Address
book, or CalendaiThe applicatiorprovides the user with a very tygal interface fomworking with
thesekinds ofinformation, and it therefore feels familiao new usersAs such tiis an example

of a desktop approactiLarsen, 2005 pp. 824).

However, the structure of data that can be stored in Outlook is very rigid and inflexible.
Organizing items into folders means that any item can only be stored in a single Tdideuser

is alsolimited to working with only those information types thdtd application supports, such as
contacts and calendar events. It is not possible to manage any other information. Moreaser, i
difficult to quickly storeany additionainformationin a structured wayMost of the time users
havetorelyonageneriy 2 0 SEHEAONALIIA 2y ¢ FASER F2NJ &tis2 NAy 3 & dz
not easy to organize information by linking it together. For example, putting a link tala item

in a calendar event does not automatically create a reciprocal link, andygpgcn additional

date for a contact (such as another type of anniversary) does not make it appear in the calendar.
Finally, linking external information can be problematic, as the application will try to embed files
instead of linking to them.

2.2.2. Microsoft OneNote
Microsoft OneNotgMicrosoft)is anote-taking application that is part of Microsoft Offiead
was first released in 2008 uses the metaphor of a tabbed notebook fortserinterface. This
metaphor alsalictates how the data is organizedt asercreated content irOneNoteis placed
on pages, which are organized into sections and notebooks. Pegede used for writing text,
creating tables and bulleted lists, placing files, images and screenshotstihemapplications
and drawing with simple vector graphics

OneNote makes #asyto create a note in a similar way as one would jot something down on a
piece of paperFor example, one can use OneNtidake a screenshot of a different application,
draw arrows pointing to various places in the screenshot and add some explanatorpiteat
paste an excerpt from a web page and dskctronic marker perssto highlight the important
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fragments As these kinds of tasks can be accomplished relatively quitckigkes the
application usefuldr people making a lot of notes

A notebook page is the equivalent of a piece of paper, however the individual elements of the

page are still separate. It is possible to move them around on the page, or to drag theno over t

another page. Elements can be marked with customizable(talgieh actually do not resemble

tagsin the sense they werdescribed in SectioR.1.4 butrather categoriesy & dz@léx £ & a
Gmportantt Xotatoself T KA OK OlFy KSf LI Ay Seagfeatud GKSY €I

The application suggests two strategies for creating new notes: either usattaledUnfiled
Notessection for creating a draft notand later deciding where to put it, or to create a new page
in an already existing section. Either way, moving pages from one section to another or
reorganizing entire sections can be done by dragging.

Microsoft OneNote provides the user with good funatdity for storing different types of
information, and hasome supporfor incorporating information from different sourcésuch as
local files and directories, but also web contefithe main drawback of the application is that it
only supports unstructured information, which means that it is not possible to automatically
extract and reuse certain pieces oflitis also not possible to view this information in any other
way than as atebook pagesThe information stored in OneNote lacks meanio@ computer

2.2.3. EccoPro
Ecco Pro is a personal information manager that was originally developed in 1993 by Arabesque
Software and later purchased by NetManage, Inc. The application has been discontinued in 1997
and later released as freeware. It has managed to acquire a degotegh of usersvho tryto
create patches and extensions to the software, even though the source code has never been
released(Dohmann)

EccoPro is an application that offers a great deal of flexibility to the usé&grms ofdata storage
By default, it aids in managing calendar eventsjaatems and contacts (callgthonebook
entries), buti can bealsoused to store many kinds other informationand to viewit in
different ways.

All information stored in Ecco can begerded as being placed in a single big tablee table
containshooleancolumns specifying whether an item is an appointment,-dadtem, a

phonebook entry or if it belongs to some other, possibly td&fined, category (callefiblderin

Ecco terminolog). The table also contains columns for every possible type of value that can be
associated with an itemNew columns may be created by the user, if needast.example,

appointments have start dates and end datesgdmitems have due dates and phonebaaitries

hold telephones, addresses, names and birthdays. As all the columns belong to the same table, it

is possible for a single item to be associated with nfaiders.9 T FSOU A @St &3> 9002 t NI
can be considered an attributeriented approachas described ifLarsen, 2005 pp. 926).

The information in Ecco is presented to the user throuighivs which are user interface
elementsspecialized for displaying certain kinds of informatidhere are three types of buiin
views available in Ecco: calendar, phonebook and notepad.
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The calendar viewmploysthe metaphor of a personal organizer (déigurel) to give the user

anoverview of upcoming appointments and other important eveiitse user is presented with a

day planneion which the duration of appointments occurring argiven date is marked. A list of

ticklersis also shown. tiypically inclales todo itemswhichhave been defined and await

completion, but can alsdisplayA Y L2 NI I yiG 2 O0O0F aA2ya 6adzOK a az2dKS!
birthdays of contacts from the phone book. In general, tibklerslist contains a list oallitems

which havedatesthat coincide with thecurrent day In this respect, dta in Eccds unifiedg the

application treats all types of items in the same walye flexibility of this approach is well

illustrated by this example: it is enough to defineAmiversaryfield of typedate for phonebook

entries and assign a value for a particular entry for it to be displayed iticiierslist.
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Figurel: Ecco Pro's calendar view

Ecco gives the user the possibility of defining their own ditacsires for storing information
that was not foreseen by the program autholts. main drawback, apart from the dated user
interface and discontinued development, is the very limited possibility of lirkilgincluding
external information.

2.2.4. Summary
Thethree applications descrilseabove represent three different approaches to managing
personal informationThe table below provides a summary of these approaches:

Microsoft Outlook Microsoft OneNote Ecco Pro
Data organization Desktop approach Tabbednotebook Attribute oriented
Internal structure Structured Unstructured Structured
Multiple views Yeg(limited) No Yes
Linking No Yes No
Annotating Categories Categories Additional folders
Unificationof data No n/a Yes
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Tablel: Summary of differences between commercial approaches

A lot of research into flexible data models and organization schemes is being conducted, as

exemplified by the projects described in Sectibh(Related works)t is driven by the premise of

giving the user the power to organize their data in the way they wartttg.t @ 9 002 t NP Qa F
modelsupportsdefiningnew types ofdata and modifyingxisting ones. This also the only

model that allows for different types of information to be treated in a similar way by the

FLILX AOFGA2Yyd ¢KS dzaSNJ Oy @ASgs RAFFSNByld GeLISa
offered by the program to interact with that daten comparison, Microsoft Outlook lets some

data to be viewed in different ways (e.g. calendar entries in a calendar view or as a list), but it

does not allow mixing of types.

On the other handMicrosoft OneNote shows that flexibility can be atsthievedby simply
allowing only unstructured information, which the user can organize through bulleted outlines,
notes and pages. Unfortunately, such an approach eliminates the possibility of viewing the
information in different wayg it is all flat text. It is @o impossible to talk about unification of
data in this context. All information is already treated by the application in the same ey

only way it can be.

All three approaches are lacking in terms of groupingambtating information. In Outlook,

items can be assigned to one or more categories. In OneNote, notes can be annotated by using

Gl 3a¢xr 6KAOK | NB FdzyOilAazylffte ARSYGAOFE G2 hdz
beforehand, and not type them when neede#cco Pro lets the user puhdem into multiple

folders. Only OneNote supports some form of linkirigis possible to create a link to a text

fragment or to a whole page or section. However, it would be difficult in all of these applications

to fulfill the individual needs of dérent users.

2.3. Combining distributed information
It was mentioned earlier that personal information tends to be highly distributed among different
applications, computetranobile deviceand web servicesdowevermieces of information stored
in different places areusuallyrelatedto each other. They can represent similar types of
information,andcanS A 4 KSNJ SEGSY R 2 NJ RdzLX A Gdmé BingsLétdis dza SN &
analyzesomepossiblerelationships between an-mail client, a calendar application, local disk
files and a socialetworkingwebsite (such as Facebook):
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ToDo Task

Email Message

Social website

Document Local files

Calendar

E-mail client

Figure2: Adiagram of relationships between information sources

An email client basically handles two types of information: email messages and contacts in the

address book. A contact usually represents a person, which is also the central type of information

for social networks. Social websites typically let peopleshagssages, pictures and events

between their friends. Events and persons are also central to calendar applications, where an

event involving some specific persons can be called an appointment. Images shared

through a social website, but they aréia2 F2dzy R a4 FAfS&a 2y (KS dzzaSNRa

2.3.1. Applications and concepts
Theexampleapplicationsrom the previous section make use of concepts that represent things
which exist in the real world, such as persons, appointments, places or projects. These are
concepts that a user would mentally associate with information available through an application,
even if the application assigasrery specialized meaning to them, such as contact, calendar
event, geographical coordinates, etc.

Many applications are capibof handling information that represents the same concepts. For
example, bothan email clienanda calendause the concept of a person, either as
representation of a sender/recipient of an email, or as an entity that can be associated with
appointments Thepersonconcept also plays a key rolesacial networks

Other applications process information that is related to certain concepts, but the applications
themselves have no special means of handling them as separate entities. &mgkeail client

where persons are presented as contaets,image viewer might have meay of specifying that

alLJA OlidzNB RSLIAOGa | LISNE2YD ¢KS dzaSNJ O02dzA R gNRGS
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for the picture, but this would make it impossible for a cartgr program to process this
information as it would be unstructured.

Some concepts are not directly related to the information that a given application is concerned
GAGK® Ly GKS dzaSNRa YSydarft Y2RSt I (KioysBigs NBf I
are usually not captured by applications, which only have a limited view @f theét 3 LJA O G dzNB ¢ @
spreadsheet documemhight be a part of a project involving many people who exchange email
messages and have meetings with each other. In that exarttpdeconcept of a project is

external to all the applications involvedn email client deals with emails, an office productivity

suite allows for editing documents, a calendar application can be used for planning

appointments.The applications canstoie2 YS 2F (KS dzaSNNa (1y2¢f SR3ASS
to be remembered by the uséhemself. Moreover, one might imagine that a user would like to

store more information than these applications allow €owrite notes about a meeting, mark
GKAyIR2ew. a2

2.3.2. Duplicated and fragmented information
Theconceptglescribed in the previous section can be seen as albigH representation of
information that is stored in various sources representation that is meaningful for the user. In
a computer systeminformation is usually stored in the form of data accessible by applications.
Applications are designed to fulfill a certain purpgdeandle email, organize pictures, play music
¢ while interoperability and exchange of data with other applicatiarsusually not the key
functions. As suchtiis not easy to reuse information that has been stored using another
application.Information relating to the same real world object migherefore be spread out
across a number of applications, where each of thetds only a portion that is relevant to the
FLILIX AOF A2y Qa FdzyOliA2yd hy (GKS 2GKSNJ KFIyRT (KS
applications, however not necessarily in the same form.

Karger and Jones describe some existing approachasaiing withthis problemin (Karger, et

al., 2006)In the simplest case, the user can get an overview of all information about an object by
opening many applications and viewing them in windows, side by side. One can alsandepy
pastetextual information from one application to another. In those two cases no permanent links
between the information objects are established and the user would have to manually repeat the
operation every timeMore advanced approaches involve grouping simibjects based on
metadata (ID3 tags, file metadata), as implemented in Google Desktop and Yahoo Desktop.

Theyalso describéhe Universal Labelddones, et al., 200Ryototype, which allows the user to
copy informationfrom various application into the Labeler, where it can be organized as the user
sees fit, while keeping links back to the original applications.

In order to solve the problem of duplicated and fragmented informatadijects in different

applications whik represent the same real world object shouldrepresented as a single entity.

This single entitwouldNB LIt A OF §S G KS dza SNDa Y CedtingisuchkahnRSt 2 F
entity would involve:

1 Identifyingapplicationobjects that represent theasnereal world objects and merging
them together, creating a union of information available through different sources.
1 Identifying and removingluplicate information.
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However, it is not enough to just create such a combined representation. Any changes to this
new object need to be propagated back to the original applications, and vice versa.

In practice geven merging information from two objects is a complex taskarticular:

1 Merging objects requires duplicate information that would allow them to be identifis
I aAy3tS Sydaideod C2N SEIFYLXSE || LISNBR2Y Q&
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information. For example, two people might have the same date of birth. This ssggest
that only certain types of information should be used for comparison.

1 Unrelated similarities might occur even among types of information that qualify for
comparison. For example, two different people might have the same nawen though
names in genetlaare used for identificationOn the other hand, matching personal
identification numbers (such as social security numbers, etc.) or even email addresses
could be a strong indicator of a correct match.

1 Duplicate information may be represented in differédatms. For example, a name of an

VY

y

2NBFYATFGA2Y YAIKG 6S 6NARGGSY & a5¢! &€ 2NJ a5

An automatic process that gradually resolves simple matches between objects and uses them to
infer more complex ones is describedDong, et al., 2005However, any automatic process can
introduce errors. The usevould have tabe able to review the automatic changes and optionally
correct or undo them.

2.3.3. Applications and data
Ashasbeen shown in the previous sections, many applications make use of the same concepts.
However,are the representations of concepts in different applications compatible with each
other? For examplewill a person always be represented in all applications mame, which is a
text string, abirthday (a date),and aphoto @n imagg. When one thinks of a person, we
naturally associate these kinds of properties with that concept. Similarly, a photo album will, in
general, be a collection of pictures, a calendar event will have a title and a date, an email
message will have a senderciigient, subject and a body, and so dtris therefore reasonable to
assume that different applications will have a similar representation of the same concept,
because this is what the user expects. Some observations follow:

1 Some concepts will always haaeertain base saif properties (e.g. namesendet
collection of pictures, etc.) #pecificapplication, however, mighte able to procesa
richer set of properties.
T Some properties will always have a fixed data type (a name is always a text sttitg, a
of birthis a date, an email sender could be a person, organization or possibly a computer
program).
1 Some properties might contawarioustypesof data(an email body could be text, a
picture or an attachment).

As such, it is possible to construat@nmon representation of a concept shared by many
applications and populate it with data from those applications. This common representetion
however, have to be the lowest common denominator of the information contained in various

sources. Thisiskel dza S GKS RAFTFSNByYyG FLIWLIX AOFGAZ2YAas | YR
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handle specialized types of content. For examplgicture gallery might contain a vecttiased
drawing which will have to be converted to a bitmap image (losing someedhtierent
information), so that it can be displayed in an application that has no notion of vector graphics.

CKA& LINRo6fSY Aa YSy il usgng&Sdmniod deNomiNgoSigyholvetdr, inW2 y S & Y
GSyaArzy gAGK SI OK | LILJzéd@eprésknatofsof ity BréaRt. Rick NJ NA OK X
representations let applications deliver pafu domainspecific operations.(Karger, et al.,

2006)LG Ada AYLRNIFydG GKFG +F aedadSy F2N shey I IAy I |
GKSSte¢d LU akKz2dzZ R y2i LINE O atheSapplicdigro.dnsteag, it A G & K
should direct the user to a suitable application where a given task can be completed. The PIM

system should be limited to combining, linking and viepiimformation in ways that the original

applications do not supporOther reasons for limitinghe functionality include:

1 Existing applications are designed to perform certain functions and they can do them
well.

1 People are used to their applicatiots.K S& g2y Q0  Il-ndail offieRtgugt solthatS A NJ S
they can annotate emails with extra information.

9 Rewriting existing applications to add a information management features is a waste of
time.

2.3.4. Linking and annotating
As stated by Vannevar Bush, the humainagroperates by association of thoughts. Every object in
I LISNE2YQa YAYR Aa |ftglea (BushyIoSRsystenf@ i KSNJ 262 S
managing personal information should therefore make it possible for the udatkinformation
in various, norpredefined ways, as this would be a natural process for the user. In the context of
distributed personal information, this means that it should be possible to link information
originating from different sources as if it vaestored in a single place. For example, a user might
decide to link an MP3 file with a picture on Picasa and a friend on Facebook, because the song
NEYAYRa KAY 2F 'y S@SyAy3a GKSe& aLIlSyid (23SIHKSNWD
back memoies,and a similar approach can baplemented in an application: when viewing the
details of a particular piece of information, the user might be given the opportunity to explore
the relations it has to other information. By following links from one pigfic@formation to
another, the user might be able to find what he or she is lookingStrdies indicat¢hat users
prefer this behavior i.e. navigating in small stegghan jumping directly to the target
(Alvarado, et al., 2@). Moreover, most users will be familiar with the way that such a system
worksq it is a typical method of retrieving information in a hypertext system, such as the World
Wide Web.

2.3.5. Technical requirements
In order to combindistributed informationthere are a few requirements for a system that
would make this possible.

First of all, there needs to exist a common way to address objextsdifferent sourceséAs

with grouping and annotation, linking requires only a shared namespace with which tothame
linked objects and a common syntax for describing the relationship betweeretfiamnger, et

al., 2006)If one looks at a computer system as a whole, there are multiple naming schemes in
use by applications, operatingsgems, networks and services. Some of them are clearly visible,
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such as the file and directory hierarchy of a filesystem, the Universal Naming Convention (UNC)

for accessing resources in Microsoft Windows netw@igrosoft), or the Uniform Resource

Locator (URL) for addressing resources accessible over the In{BereersLee, et al., 2005)

Others are applicatn-d LISOAFAO FyR y2{ S| &A tifflerent @ppliSaichst 6 f S F NP
insBd 2y YFylF3aAy3 02ttt SOGA2ya 2F GKSANI 246y AYyT2NYI
go into file folders, email messages into email folders, Web references into bookmark folders

accessed through Web browsers, and address book entries into abldmsfolders (Karger, et

al., 2006)

4 &adzOKX GKSNB Aa y2 aAiayatsS adzyABSNEIFIf & yIFYSaLl C
a computer systemA new namespace could be created, or an existing hamespace could be

reused for this purpose. The best candidate for this is the URI namespace used on the World

Wide-Web, not only due to the sheer number of resources that are alreadgssibleising this

scheme, but also because it is possible to construct glehallyue nanes(BernersLee, et al.,

2005 p. 20)

Secondly, a way to list, read, write and delete objects from different sources is negued.

requiresa separate data interfadayerfor each applicatiorg one which would eitheuse the

FLILX AOFGA2YQa !t LY AT F@FAflIof ST TheNata@ntd8and 6 S 2y
would have to implement the following functions:

f Conversio® St 6SSy GKS tLa aeadsSy yrySaLl OS IyR (KS
namespacdor addressing objects. This is needed so that modifications to an object done
in the PIM system can be propagated back to the owning application, and vice versa.
1 Discovery of new, modified and deleted objects. As the external application has no
knowledgeof the existence of the PIM system, it cannot notify it that a change has
occurred. The data interface layer has to keep track of all objects and scan for
modifications. This kind of approach is implemented in the Aperture frame(gp&09)

Finally, a the PIM system is intended to help manage information and not replace application
specific functionality, avay to quickly open aaxternalapplication for editing a specified object
from within the PIM systens neededln cag of most web applications, the PIM system just
needs to direct the user to a specially crafted UR& special support from the web application is
usually neededOn the other handdesktopapplications need tdave builtin supportfor this

kind offunctionality. For example, an-aail client might accept an identifier of arneail to be
opened as a commanithe argument.

Moreover, it should be possible to open the PIM system from within a-{béntly applicatiorto

manage a specific objecthis, howesr, might requiremodificatiors to the application itself. In

case of web applications, a browser plugin might be constructed that offers to open the PIM
system when it detects that a user is viewing a certain objemtexample, by analyzing the
activeURL. Some desktop applications also support a plugin architecture, which would make a
similar solution possible. In case of other closedrce applications, it might not be possible to
implement this kind of functionalitatals. I & 2yt & (altir couldlidgfrodu@e siich 2 y Q &
modifications
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2.4. Representation and storage
Personal information comes in many shapes and sizes. It can include primitive data such as plain
text, numbers and dates, more complex forms such-asaés, phone book entries and rich text
(e.g. HTML or word processor documents). It can also includénnedlia content like images,
audio and video. Some data may be stored locally on a computer, while other may be accessible
over a network. Combining such a wide range of data types in a single system requires a choice
of a suitable data model.

2.4.1. Files and directories
Ly GKS aAYLX Said OlFasSz 2yS Oly dzaS GKS 0O2YLddziSN.
information: files would store data about some subject, while directories would be used to group
them together. Although simple to implement, this approaasmany drawbacks. First of all,
standard text filesareflatl KS& R2y QO KIF @S Fye AyiuSNYylFft aiNdHzi
complex information. The user may store information about person A and person B in completely
different ways. As such, tefites are usable only by humagét is difficult for a computer
program to process their contents, and what follows, to perform more complex queriesathan
simple fulltext search. Moreover, the hierarchical way of organizing files into directoriedyis on
suitable for certain types of informatiorthose which naturally possess a tree structure. For
others it will cause difficulties for the user to choose one of equivalently valid dimensions as the
one that should be used for grouping. Finally, a filtesy has no means of referencing
information located on the Internewhich means that it cannot be (e.g.) grouped into
directories

2.4.2. Relational model
The relational model is the most widespread model for storing information in use today. It has
become narly synonymous with the notion of a database. It was first proposed by E. F. Codd of
the IBM Research Laboratory in San Jose in 1970 and is based around the conceptiofia
(usually called &ble), which holds an unordered set nfples(rows). Each tuple in a relation has
exactly the same structure and is composedifibute (or columr) namevalue pairs. In
essence, a relation in the relational model describes a table composed of rows and columns. Each
column has a name and an associatethdgipe (such as an integer, string, date, etc.), while each
row holds values for those columns (deigure3).

Columns
4 - 3
A B C D
Field Field Field Field
Field Field Field Field
Rows
Field Field Field Field
Field Field Field Field

Figure3: Tablein the relational model

The approach for storing data in this model is to create a separate table for each type of
information to be stored. For example, information about people is stored in a Persons table,
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while descriptions of photos céadibe put in a Pictures table. In order to link photos to the people
that are depicted in them, a third linking table would be created.

Storing personal information in a relational database provides some significant advantages over
the use of plain text es. The most important one is structure: every piece of information is

stored in a field, which has a corresponding nhame and data type, belongs to a row and to a table.
Because of that, it is possible to process the information using a computer algokitbreover,

the relational model specifies a language, called the Structured Query Language (SQL), which
makes it possible to query the database about certain pieces of informatog. list the names

of persons that live in Copenhagen and are 25 yeatsAnlother advantage is the possibility of
linking related information together through the use of foreign keys, which are references
between rows in (usually different) tables. Finally, the popularity of the relational model
translates into a wide availdlty of efficient and mature tools supporting it.

Despite its advantages, the relational model has some considerable drawbacks in the context of
storing personal information. They originate mainly from its rigid structure:

1 The structure of personal inforation evolves over time, while the relational model
requires that it remains relatively fixed. For example, if a user decides to change the way
they describe pictures, then the structure of the Pictures table needs to be modified,
which in turn requireshat all previously described picturésbe adapted to the new
format. A single table cannot have two separate structures.

1 Itis difficult to add information to some rows in a table and not to others. For example,
to store a bank account number in connectiwith just a single person will require the
addition of a new column to a table, which is a cumbersome solution as it will only be
used once.

2.4.3. Object model
The object model is an approach to organizing information that is used in the object oriented
programming (OOP) paradigm, which became popular in the 1990s with the advent of such
languages as C++ and Java. Most of the unique features of this model, such as encapsulation,
abstraction and polymorphism, are of particular interest to programmers, as ttake i easier
to understand and manage the structure and relationships within the program, and also provide
means for reuse of existing functionality, which results in less duplicated code.

Anobjectis a data structure containing datarrying fields anehethods (program logic) that

operate on this data. In principle, the data contained in an object should only be exposed to the
2dzi aARS 62NI R (GKNRdAK (KS 202S5S00Qa YSiK2Rao®
the integrity of its data.

The structure and functionality of an object is determined bycitsss It specifies the fields that
comprise an object along with their data types, and the methods that define the actions that an
object can perform. An object that belongs to a certain €iascalled amstanceof that class.
Classes can be derived from one another througteritance When a child class (subclass)

inherits from its parent (superclass), it adopts the fields and methods of its parent. For example,
Garfieldis an instance ofat which is a subclass Ahimal

Ly

[:.I
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In some respects, the object model is similar to the relational model. Instead of creating a table,
one can create a class. Objects can be thought of as just rows in a table. But the object model
provides some useful &ures in terms of personal information management:

91 Inheritance allows for the creation of more general or more specialized types to store
information as needed. For exampleDacumentclass may specify&tleand Author
fields, while a subclass call@bgEntrywould add arJrl field.

1 Multiple inheritance, a more robust form of inheritance that is not so widely supported,
allows a single class to inherit from multiple other classes at the same time. It makes it
possible to combine many simple classefoton a complex one. For example, a Picture
class might inherit from a Document class (Title, Author), an InternetResource class (Url)
and a Commentable class (a class of objects that can store textual comments about
themselves).

9 Linking objects togethesias simple as specifying that a class should have a field whose
type is another class. Rersommight have &hotofield of typePicture

Still some of the drawbacks of the relational model apply also to this Dimeobject modelalso
introduces a fewproblems of its own:

1 The object model provides no generic way of querying data. As the data within an object
is only exposed through its methods, there is no way to ask specific questions about it.
Some objecbriented databases support a query languaget, fio dominant standard,
similar to SQL, exists.

1 The popularity of the object oriented programming did not translate into the popularity
of objectoriented databases. In practice, most computer software uses a relational
database as a way of storing objectented data. Such a solution requires an additional
layer which translates the object data into relational form, and vice versa, leading to
problems collectively described as the objeelational impedance mismatch.

2.4.4. Associative model
The associativemodel of data as described by Williams (Williams, 200Q)is substantially
different from the recordbased models such as the ones described above. In this model, all
information is stored in the form afemso 2 NJ & SahdliiAkdA2SNI €0l & & AnOtantisi A 2 y & £ 0 d
anything that has discrete, independent existenaghile a link is a thingghose existence
depends on one or more other thing¥illiams, 2000 p. 84)n practice, an item can peesent a
person, a book, a geographical location. A link will usually be a property linking two items, such as
Gy YSE o6F LINE LASNLCGEH (2AF2 yI¢€ LIS NAE 2yaoas2 OA I GA 2y 065036 S S
geographical location), etc. Strictly speaking,tamiis composed of a unique identifier, a name
and a type. A link contains its own unique identifier and three other identifiers: of a source, verb
and target, all of which can point to either an item or another link.

For example, storing the following oriation:
John meets with Mark in the student pub on Monday at 12:00.

would involve the following items and links:
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Johnmeets withMark
X in the student pub
X on Monday
X at 12:00.

Ly GKS 6208 y2al (A2YSSa&Suithkokdeds the sofige afdk 3 G KS @8
0 NEVE K yyaR | dNdespEctively. In this case, the source, verb and target are all items. The
A802yR tAY] KFa G(GKS TANBGAFHWR] (IKBheBRBEBSDSLdZNDS |+ y F
puk = FyR 42 2y 0

The samenformation can be presented along with the unique identifiers in this way:

Items Links

Identifier Source Verb Target
11 John L1 11 12 13
12 meets with L2 L1 14 15
13 Mark L3 L2 16 17
14 in L4 L3 18 19
15 the student pub

16 on

17 Monday

18 at

19 12:00

Figure4: Items and links in tabular form.

The above example shows that with the associative model it is possible to store information
without specifying any predefined structure, such as a database schema. In this model, a type
system is a feature that can be used whenever necesbawyeverit is not required. The type
system makes it possible to group entities that have similar associations together and to specify
which associations should we expect from a matr entity along with some moradditional
properties:

Johnis aPerson

Persorhas(first name String)
Persorhas(birthday Date)
Persorhas(parent Parent)cardinality 2

In the above example, we state that any entity of typersonsuch aslohr hasfirst name
birthdayand parentassociations. We also specify the types ofiit@rgets. Moreover, we are
saying thatachPersormust have exactly tw@arens.

Types can form hierarchies, where each type can be a subtype of one or more supertypes
AAYAT NI G2 GKS 202S00G Y2RStQa Ydzt GALWBIEG AYKSNRGI Y
supertypes and their supertypes.

Parentis subtypePerson
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As can be seen from the exampbdsove the schema is defined in terms of tkame items and

links as ordhary data. This makes it possiblen@nipulate the schema in the same way as

normal data, and even combine it with normal data. From the software developers point of view,
it reduces the amount of work that is required to create an application with a-unsegtifiable
schema, as the same code and user interface elements that arefasegderacting with normal

data can be used for working with the schema.

People accustomed to the relatiomalodelmight find this way of storing information odd, but
Williams argues that it resembles reality more closely than what can be accomplisbibein
models. For example, the typical way to represent a customer in an application would be to
create a separat€ustometable, in which every rowvould have arindependent existencand
would be related to othemformationthrough foreign keys. Howev, a customer is not an
independent entityg it is just a role that one associates with a person or company in some
particular context someone else might consider the same person to be a supplan or
employee, etc(Williams, 2000 pp. 880)

The associative model is a powerful model that is well suited for stpgngpnal information.

One of its main advantages is the ease with which links can be created. The ability to create links
between any two items is inheremd the model and is not a consequence of some particular
databasedesign as is the case with the relational moddkre he user can freely link items

without being restricted by the possible cases that were foreseen (or not) by the designer of the
datamodel.Moreover, in the associative model the subject of a link is not restricted to just

items, but can include other links, giving the user even more free&oh freedom is important

from the personal information management point of view, as in the hommind associations
between thoughts can be formed in complex wéBsish, 1945)

The primary drawback of the associative model is its poor adoption. It is difficult to find any
implementations of an associative database except for Sentglheaysoft)developed by
LazySoft the company associated with Williams.

2.4.5. RDF model
The Resource Description Framework (RDFisguage designed for expressinéprmation
about resources that can be identified on the World Wide Wels. part of World Wide Web
[ 2y az2NlAdzyQa oSemantic Welih @hicB compitérs viillko& able to understand
the contents of the data put on the web in order to perfothe more tedious tasks which now
need to be handled manually by humaiwgorld Wide Web Consortium, 200Bven though this
goal is still far from being realizetthe activities of W3C in this area have resulted in the creation
of a few technologies useful for information management purposes.

Informationin RDFRs expressedh the form of statementsEach statement istaple composed
of a subject, a predicate and an object, similar to a natural languameexample, in natuia
language the following triple:

http://www.dtu.dk/ was created by Technical University of Denmark
(subject) (predicatg (object)

states that thecreatorof the given webpage is the Technical University of Denmark. However,
for this statement to be understandable by a computer program, the natural language elements


http://www.dtu.dk/
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need to be replaced by machifgocessable identifiers. In RDEsources about which
statements are made are identified using Uniform Resource Identifiers (Uklsinyone can
construct a globally unique URIt is easy to provide unique names for things that are both
available on the World Wide Web and real world objects, such as pebplxpress the previous
triple in machinereadable form, we could say:

<http://www.dtu.dk/ > <http://purl.org/dc/elements/1.1/creatop
G¢SOKYAOIT | YABSNBEAGE 2F 5SYy Yl N ¢

This triple refers to a special creattRI that is part of the Dublin Core Metadata Initiative
(DCMI) termgDCMI);, a standardized vocabulary for expressing certain properties of documents.

All RDF statements can be presentecn equivalent form as graphs. The grapFRigure5
illustrates a set of three triples, which state thatp://www.dtu.dk/ has a creator whose name is
G¢SOKYAOIT ! YABSNERAGE 2F 5SYYIEN]lé YR 8KAOK

http://purl.org/ dc/ elements/ 1.1/ creator

[y
P

http://www.dtu.dk/

http://xmlIns.com/foaf/0.1/name
http://xmins.com/foaf/0.1/based near

— ;

Technical University of Kongens Lyngby,
Denmark Denmark

Figure5: Sample RDF graph

Schemeas and ontologies

RDF by itself can be used to exprdegpée statements about resourcesimilar to those
presented aboveHowever, much of the power of RDF comes from the ability to ciedeuse
ontologies An ontology is atandardized vocabulgiof termsand logical relationships within a
knowledge domain

A standardized vocabulary allow#ferent partiesto agree on the same language to use when
exchanging data. As we have seen above, an ontology for describing documents (DCMI) lets us
specify that some object is a creator of a document, with the megoiithe termd ONBS | (i 2 NE
0SAy3a SEI OiGfé& RS TAneSitR primafily tespénsileyfoill AakiggIhe resodired &
Figureb makes use ofnother ontology, calle@&riendof-a-Friend (FOAFhich lets us express
information about names and locations of objects in a way that will be understood by others.
terms ofpersonal information management, having a standardized vocabulary means that data
from third-party applications and web services can be easily accessed when it is exposed in RDF
form.

® Aunique URI can be constructed by registering a domain nameusitt it as the base for the address.

(@]]
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The ability to define logical relationships makes it possible to cagaome of the knowledge
associated with a domain so that it can be applied automatically by a computer program. The
types of logical rules that one may define depend on the ontology language that isQrseadf
such languageis RDF Schemb.provides avocabulary for describing classes of resources,
properties and relations between them in a way that resembles the object model of data (i.e.
with inheritance) With RDF Schema one can state that, for exampBngis a subclass of
Animaland it has a progrty Fur color

Another set of languages for authoring ontologies is called the Web Ontology Language (OWL).

These languages are more expressive than RDF Schema and allow for specifying such aspects as
transitive, symmetric or inverse propertigbe cardnality of relationshipsequivalerce of classes

and properties anddentity of individuals. For example, OWL makes it possible to define a
LINRLISNII & aAa | FNASYR 27T¢ JdhisafrenddfPeiehénii NA O 6 KA
automatically Peteris a friend of John

Today according to the Swoogle home pagiggre exist thousands of ontologies for describing
different things.They are tracked and indexed by specialized websites and search engines, such
as:

1 SchemaWebhttp://www.schemaweb.info/default.aspx,
1 DAML Ontology Librarpitp://www.daml.org/ontologies/), and
1 Swooglelittp:// swoogle.umbc.edyl

Someinterestingontologies include:

9 Friend of a Friend (FOAE& vocabulary for describing people and the links between
them (ttp://www.foaf -project.org/),

91 Dublin Core Metadata Terngsa vo@bulary for describing digital content (images,
videos, sounds, documents, text, efc.)

f Personal Information Model (PIM@Qp 9t ha! Y LINRB2SOGQa @20 odzt I NI
personal information of individuals.

Serialization, stores and querying

RDF triples can be stored in many different formats. The most popular of these is RDF/XML,

which is simply an XML syntax for RDF data. In this paper, however, most RDF examples are given
in the Turtle (Terse RDF Triple Language) form, which iseoarpact In Turtle, every statement

is written as a subject, predicate and object, separated by spaces and terminated bgtagdull

6adévd ! &ddzo2SOG YR LINBRAOIFIGS OFy 06S SAGKSNI |
<http://www.dtu.dk>) or a namespacequalified node (e.gdc:Titld. An object can beritten in
the previous two forms, or as a literal enclosed in quotation marksge®gS OKy A OF £ | yA @SN

5 Sy Y ). Ndt eéxample:

<http:/fwww.dtu.dk> dc:Title G¢SOKYAOIt ! yAOSNEAGE 2F 58


http://www.schemaweb.info/default.aspx
http://www.daml.org/ontologies/
http://swoogle.umbc.edu/
http://www.foaf-project.org/

26| Analysis

Serializatin formats are mostly used for the exchange of RDF data between different systems.
Internally, triples are usually stored in databases callgde stores Some of the popular triple
stores available today include JéndirtuosS and SesaméAduna)

Data in a triple store can be queried in a similar way as one executes queries on a relational
database. W3C has created a query language, called SRWREQI Wide Web Consortium,
2008) to standardize the format of the queries, and a protocol for issuing SPARQL queries
against triple stores and receiving results. A sample gteergetting a list of books and their
titles in this language looks as follows:

SELECT?book, ?title
WHERE

{
?book <http://purl.org/dc/elements/1.1/title> ?title .

}

Having a standardized query language means that it is possible to choose any triple store and it
will be compatible with our application. But it also means that public databases which expose
their data in RDF can be queried in a unified manner.

Most triple stores also providsome support for reasoning and inferencingsed orthe logical
rules defined in an ontology (such as RDF Schema or OWL) aaxcttimeulated dataln short, a
triple store can automaticallycreate new statements based on existing orfea. example:

1 Inferring class hierarchies:Tbyotais ardfs:subClass@arand Caris ardfs:subClassOf
Vehicle thenToyotais also adfs:subClass@if Vehicle This transitivity rule is
generalized in OWL so that it can apply to any property through the use of the
owl:TransitivePropertglass. Thus just by specifying that a property is transitive, the
inference engine can deduce new relationships.

f Inferring clas membership: i has propertyPand propertyPQ & R 2 Y I Cyherra Of | 44
is an instance of.

Inferencing can be an extremely valuabdature forpersonal information managemenin this
domain there are a lot of simple rules that apply to relatidpstbetween people. For example:

1 Friendshipg a symmetric property, if John is a friend of Peter, then Peter is a friend of
John.

9 Child/parentc inverse propertieg if Mary is a parent of Peter, then Peter is a child of
Mary.

1 Ancestorg a transitive proprty ¢ if Mark is an ancestor of Mary, and Mary is an ancestor
of Peter then Mark is an ancestor of Peter.

Similar relationships can apply to other objects. Consider the properties of a Picture:

4 http://jena.sourceforge.net/
® http://www.openlinksw.com/dataspace/dav/wiki/Main/VOSTriple
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91 Depictiong If a picture depicts an object (e.g. a persahgn, obviously, that object is
depicted in the picture. Having such an inverse property makes it easy to access all
pictures which are related to a particular object.

9 Locationg The location where a picture is taken can be represented by an object naming
the geographical location, such as Copenhagen or Odense. A named geographical
location can be a part of a larger one, such as Denmark or Europe, and can be comprised
of a set of smaller ones. By defining the relationships between locations as a transitive
property (in a way similar to the Ancestor property above), searching for pictures taken
in Denmark would return those taken in Copenhagen and Odense, too.

Availability of RDF data

RDF is a language for stating faétstatements expressed in RDF ared®avith a reference to

a particular vocabulary of terms. Thus saying that some data is available in RDF metrey¢hat
both exists a vocabulary that specifies the meaning of the terms used to describe the data, and
that the data has been represented inet form of statements using that vocabulary.

This hasan important consequencen application that has ngrior knowledge of the domain
associated with the data, can, to a certain extengnage and process the data in a way that is
useful for the user.

[ SG§Qa O2yaARSNI YSGOIFRFGF Fo62dzi | LIhnbetmdd FTNRBY |
will have to be based on some standardized ontologyobably EXfEBy combining the

ontology and the metadata, an applicati@rith no knowledge about digitgdhotos can diplay to

its user a humaimeadable description of the photo, containing possibly such information as

camera type, aperture settings, lighting conditions, etc. Moreobgmtilizing the relationships

between the photo ontology and some ontolpthat the application is designed to support, it

can infer that the pictures can be handledsome more complex way. For example, geographical
O22NRAYIGSa SYOSRRSR Ay (GKS LAOGdz2NBaAaQ YSGlRIF Gl
Existingdatacan ®2 Yy 3SNI SR (2 w5C GKNRdzZAK (KS$heszdS 2F aw
programs extract data from some compatible source and express it in the form of irgash a

way as to closely follow the semantics specified in the ontology. RDF extractors frami for

many file formats and websites, including JPEG pictures, Microsoft Office documents, Flickr,
Facebook, etc.

There is also a substantial amount of data that is already in RDF form available on the Web. One
of the larger sources includes DBpedidnich isa community effort to extract structured

information from Wikipedia and to make this information available on the \ifefontains
descriptions of over 2.9 million thing®Bped09)

2.4.6. Summary
The choice of the apppriate data model for storing personal information is largely dependent
on the flexibility of the model. Personal information encompasses many types of data and forms
complex relationships. From the above comparison it is clear that the relational anct obje

® http://www.exif.org/
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Y2RSf&a FNB (22 NAIAR F2NJ GKAA& LHzNILIR2aSY GKS Y2RSf
possible when the schema has to be definedftgmt and hardcoded in the application.

The choice between the associative model and RDF is also straiggntfioand in favor of the
latter, but this is due to the large ecosystemtethnologies and software that accompany the
core RDF specification, and not drawbacks of the associative modellitdelft, loth models are
associative and they represent datasimilar ways. The associative model has even certain
advantages as it is more expressive: in RDF it is not possible to directly use a statement as a
subject of another statement, and a workaround in the fornstattementreification is needed.

The mosimportant advantages of RDF are:

1

serializationg it is easy to exchange RDF data between different systems due to many
standardized serialization formats (XML, Turtle, etc.); this is an important factor in the

context of obtaining RDF data from externdaldzNOS &8 | yR a8y OKNRBY AT Ay 3
information between different computers,

ontologiesg the ability to define a common vocabulary of terms and to specify logical
relationships within a knowledge domain;

availability of dataand tools¢ RDF extractors make it possible to access data stored

within files, programs and websitegiple stores have support for automated reasoning

The following table summarizes the differences between the aforementioned models:

Unstructured data yes yes yes yes yes
Structured data no yes yes yes yes
Topology hierarchical any any any any
Adding extra no no no yes yes
information

Schema changés n/a difficult difficult easy easy
Reification no no no yes yes
Quernying no yes no yes yes
Tool availability good good good bad average
and popularity

Table2: Summary of differences between data models

1

1
1
1

Unstructured datag Does the model support unstructuretita as a firstlass citizen?
Structured data; Does the model support structured data as a fkstss citizen?
Topology List of supported data topologies (see Seci2zoh.2)

Adding extra informatiolg Does the model suppoddding additional structured
information that was not foreseewhen the data model was createdPhe relational and
object models would require a schema change for this to be possible, wliie
Associative model and RDF it is a matiecreating another association.)

(58 RSAONALIIA2Y 0S5t26 (KS GrotsS F2NJIy SELXIYlGAZY
® Reification in RDF is only supported indirectly by creating an additional set of statements that describe
the original one.

d
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1 Schema changesThe level of complexity for introducing changes to the data model of a
running systemDifficultindicates that the change might require a
programmer/developer to implement, whileasymeans that it could be realized by a
user.

1 Reificationc Does the model havehe ability to treat existing data and metadatafast-
class citizens, i.entitieswhich can be annotated with more data?

1 Queryingg Does the model and its implementations provide support for executing
structured queries against the data?

1 Tool availability and popularity The number, quality and maturity of tools thetipport
this data moel. Goodg support for this model is included with every major software
development toolAverageg at least 5 different vendors or groups have released tools
supporting this model3adc there is less than 5 independent implementations of tools
supportingthis model.

2.5. Summary
An analysis of the problems involved in managing distributed information was performed.
Personal information can mean different things to different people, but the owner of that
information has at least partial memory of what it ish@t characteristics of this type of
information have also been discussed, such as the metadata that can be associated with it. It has
been shown that commercial approaches to personal information management lack the
capability to unify and integrate diskrited information. An examination of how information is
distributed between different sources has been performed and ideas for unifying it have been
described: combining information representing similar concepts, using links to connect
information objectsin a similar way as the mind associates thoughts, and using a single
namespace to access information located in different places. An overview of the suitability of
different data models for keeping personal informatiasgiven. The RDF model was chosen a
the one that has the most advantages for this purpqsbke flexibility of this model being an
important factor.
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3. Use cases

This section presents a few use cases that investigate how personal information management can
be improved by using different technique’s hypothetical PIM application is discussed that can
interact with information stored in different places. Certaintigr@s of this application are

presented that try to solve specific PIM problems. Afterwardsh@tsummary of thefeatures of

a system that would allow for the realizationtbese scenarios is given

3.1. Working on a project for a customer
This scenario expres the possibility of usingPIM application as a standalone desktop
application that integrates with Gmail.

Problem

John receives emails from a customer regarding a web project he is doing for them. The project is

in its finalization phase and themails they send him concern various problems they found with

the website, things they want to have changed, rechecked, improved, etc. John gets a lot of these

kind of emails and it is difficult for him to memorize all the problems that were reported thnd a

the fixes and changes he has implemented. The emails are often sent by different persons in the
Odzai2 YSNRa 2NBFYyAT FdA2yY FyR YIé& O2yOSNYy &AYAfI N
several issues that need to be considered.

JohnisusingGma#2fNJ YI yI 3Ay3 KA& SYIFAf FYyR KS Aa GFr33ay3
name to keep track of them. When a new email arrives, this is what John does to handle it:

1. He reads the email and identifies the issues that are discussed.
2. He checks if each issueaimiew one or if this is a problem he has already worked on.
This step usually requires going through many received emails (as it is often the case that
0KS &aFrYS 2NJ RAFTFSNBY(d LISNE2Y KF& |t NBFR& NI A:
those emailgit is possible that this problem has already been solved) and checking his
notes on this problem (they can be located in different places as it is not possible to
attach notes to emails directly).

3. He investigates the issue and solves the prob@Rtreates a tedo item in his calendar
program that this problem needs to be solved later. He also tags the message with a to
do tag.

4. Finally, he sends a reply stating that the problem has been solved or that it will be solved
later.

Analysis
Usually, if the proldm cannot be solved immediately, managing the information associated with
the problem becomes difficult. This is because:

1 One has to remember that a certain problem exists and that it needs to be solved.
This requires creating a reminder in some calendémsare.

T hy$ Kra G2 188L) 6KS Odad2YSNDRA SYFAf GKEG Ay)
This email contains the description of the problem.

1 One has to make notes related to the analysis of the problem.
Without the notes, coming back to this problem later migkduire reanalyzing it.
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Furthermore, the notes need to be stored somewhengsually in an application that is
external to the email client.

1 One has to contact other people to discuss this problem.
This discussion produces more emails or other forms of conitation (message log in
an Instant Messaging application, notes from a phone conversation, etc.)

1 One might produce some files associated with the problem.
They should be listed in the problem notes for later reference.

W2 Ky Qa LINROf SY MNBgdidny prdcéssi forwhich Spacinlizéd &ie tracking
software (such as Trd@rac09) BugzillgBug09) etc.) exists. However, this problem itself is quite
general and can occur in many sitioas.

Solution
W2KyQa 62N Ft2g 02dzZ R 06S AYLINRPOSR o6& AYGSINI (A
single place. This could be accomplished in the following way:

When a new email arrives, John opens the PIM application and finds the correspomranail by

viewing the list of all emails sorted in descending chronological order. He opens the email and
activates thassuessiew in splitscreen mode;, the email contents is displayed on the left, while

the list of issues on the right. John can noarkntext in the email, right click on it and select

Create IssueThe application will ask to type a short title. A nieaueobject is created and is

displayed in the right part of the screen. The text in the email functions as a hyperlink ligstiee

object and vice versa. The issues are displayed as bulleted list. They can be reordered and nested,
allowing for one issue to be composed of several smaller ones. John can also quickly add some
initial notes regarding each issue. He can also add tags toigaahthat will help in finding it

later on.

After having marked all issaén the email, John needs to find out if the new issues are related to
any existing ones. Normally, this would require him to go through all emails from the customer.
With the PIMapplication, he can find similar issues based on matching tags. Before he can do
this, he needs to link the email to the website project by finding the project object in the PIM
application and dragging the email onto ll the issues are automaticalipked to the project.

If John finds a similar issue to the one reported in the email, he can merge the two issues
together. The contents of both issues is combined and they are treated as one.

When going through the list of issues from the email, John can decide whether he wants to solve

them now or later. For the postponed issues, he can quickly create a reminder by right clicking

and selectingddd TeDa. A list of all things marked d®-Doisavailable in a different view of the

FLILX AOFGA2Y® Ly (GKAA gte& W2Ky OFy 06S OSNIIFAYy i

While John is working to fix a particular problem, he can link any associated resources just by
dragging them onto théssue. This will let him keep all the important files and documents in one
place for later reference.
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Website problems continued

Email from Faul Black received on 22 apr 2009,

+ I[mages are not transferred to the website

- Description: We've noticed that some of the announcements that are published on our
website do not have any images, even though in our system the images are clearly there. ...
- Status: postponed

To-Dios:1 | Files:5 | Tags:image, transfer

+ Navigation does not work

- Description:

when I click on 'About us' it is not possible to go back. What's i
interesting, this only happens from time to time. I haven't been able
to pinpoint the pattern _g_§_§.| sl
- Status: fixed
Motes: L | Files: 2 | Tags: navigation, bacl
Figure6: Conceptual illustration ofthd L F2NJ 6§ KS a2 2NJAy3 2y | LINR2SOG X

The user interface mockup that could héfye user accomplish the above tasks is presented in
Figure6.

Remarks
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to create higheforder information that is useful to the user. The contents of the email acquires

meaning and becomes linked to other objects in the systemjects, existing issues, notes and

to-do items. This makes it possible to view that contentdifferent ways, one of which is the

issuesview.

It should be noted that the application does not try to automatically exttsstieobjects from

email. Only the user is capable of understanding and deciding what parts of the email constitute
an Issue.tlis then important to make sure that the process of extracting issues is quick and
efficient, otherwise the user could find it too cumbersome to use.

3.2. Semantic notebook
This scenario explores the idea of a desktop PIM application that lets the user combine
information from different sources in a visual way, but at the same time retaining its mediing.
has been inspired by thaser interface of Microsoft OneNote and attempts to use it as a base for
new features; ones that would combine the flexibility dtie visual organization of information
with the benefits of keeping structured information.
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Story
aAOKIFSt Aa GFf1Ay3 (2-inthatprgkadiyTRe framddinyitgs MZha€l 06 2 2 1 Q
a party:

GLQY 2NHIFYAT Ay3 | . lisvlilldvdj 12Y1&h, LydighyOS® a& | RRN
We are starting at around 7:00 PM this Saturday. You can bring some beer if
@2dz 61 yida

Michael starts the PIM notebook and pastes this text onto a blank page. He uses a sidebar to find

the Persorpbject for his friend and digs it onto the page a small image of his friend appears.
aAOKISt glyiGa G2 ar @S GKS FRRNBaa 3IAPSYy Ay GKS
later referencecKS &St SOGa Al 6AGK GKS Y2dzaS FyR RNI 3a
dialogbox appears asking for the type of link between those two objects and Michael selects
AddressThe address is now stored in the system and will appear in the Person view for his

friend.

Next, Michael right clicks on an empty region of the pagepopup meu appears letting him
chooseAdd Social EvenBy doing this, some additional fields appear on the page, incluiine
Time Location As Michael fills out the date and time fields, a link to this page appears in his
calendar view. He will now be remied that such an event is taking place whenever he opens
the PIM application.

But Michael also wants to remember that he needs to buy some beer for the party. He selects
GKS &, 2dz Ol y 0 NR Y 3 -chicks6rbit, chd®Sndd TaD&riani thelpoptd NA I K
menu. A dialog box appears asking him to provideDhe datefor this task. Michael accepts and

a new todo task is created with reference to the selected text.

Later on during the conversation, his friend tells him about some other people whona#lich

knows and which are coming to the party. Once again Michael finds the assdeersah

objects and drags them to the page. However, he wants to distinguish the person organizing the

party from the attendees. He right clicks on the page and selsadield from the popup menu.

A dialog box appears asking for the type of field to be added to the page, and Michael chooses

Groupp 1S (eéLlSa Ay aG!GiSyRSSa¢ a GKS FASEtRQa yI Y
iKS FAStRQa Ol tdzS 062E®

Furthermore, Mchael might decide to associate some tags with the notebook page he has
created. Tags will aid him in quickly locating similar information in the future.

¢KS NBadA & 2F aAOKIStQa g2Rpured2dzt R €221 &AAYALL
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Blank page
- Date and time: 25 apr 2009 192:00

- Location: {empty)

I'm erganizing a BB at my place. My address is: Lillevej 12, 1th, Lynghy.
We are starting at around 7:00 PM this Saturday. You can bring some beer

if you want.
- Attendees:
To-Dos:1 | Tags:bha, part

Figure7: Conceptual illustration of UF 2 NJ 6 KS a{ SYIyiA O y20iS0221¢ a0Syl N

After the event has already taken place, Michael might decide to post the pictures tlaaichigis

friends have taken during the party. Michael has his pictures still on his local disk, while his

friends have uploaded theirs to Picasa and Facebook. Michael would like to combine all of them

into a single album. To do this, he righicksonon@ ¥ KA a4 FTNASYRQa A02ya FTNRY
and selects Explore. He sets the filter to list only objects of type Image gallery and in this way

finds all albums related to his friergincluding the ones published on Facebook and Picasa. He

sorts the allums in descending chronological order and quickly finds the one he is interested in.

The external albums and images accessible through the PIM application contain all the metadata

that Facebook or Picasa stores, such as titles, tags and information &gopéeople depicted in

the pictures.

Michael can create a new subpage of the page containing the party invitation. He chooses an

Image gallery view for this new page, which contains fields that are commonly used for such a

task. He can now drag images fréth @ FNA SYRQ&A Ffo6dzy FyR FNRY KAa f
created album. He can also group them together, associate them with other objects (such as

persons that are depicted in those pictures), tag and annotate them. Finally, when his album is

ready hecan publish it on a web page for others to see.

Remarks
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difficult using typical approaches that are found in popular software, such as Microsoft Outlook.

This ishecause such software requires the user to classify the informatieinamp in some wayg

either as a contact, calendar event;do item or a textonly note. However normally personal

information is more complex than thatit contains a combination ofitferent kinds of concepts.

The approach described in the above story lets the user quickly collect all information regarding a
particular subject in a single place and then supplement it with semantic metadata. The user has
effectively created a note, thdolds all the important information about an event, and with the
individual parts of the note being integrated into the systemne event appears in the calendar,
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the user will be reminded about the 4o items, and perhaps the note can also be accessed
while viewing information about the people involved in the event.

By linking new information with existing one, the user can tie loose facts (such as the home
address of a person in the message) with the structured information that is already in thensyste
(the correspondindPersorobject) and thus extending what they know. However, linking
information in this way also serves the purpose of categorizing information, which can help in
finding this information later from related objects. In order to aid Isactured searches, simple
text tags can be attached to objects.

3.3. Inviting people
Sue is inviting her friends and colleagues from work to a party. She needs to either send out
AYSGAGEGA2ya OAF SYFAESX 2NJOFff LIS2LXS AF aKS R

The process of finding contact information is actually quite problematic for her. She is inviting old
friends from school and some of theneail addresses she has in hemaiil client might already

be out of date. She often has more than one email fpeeson and it is hard to decide which one
might be the current one. Some of the friends have Facebook accounts and this can serve as a
good source for wpo-date contact informationColleagues from work are a similar problem. As

it is holiday season, natl people will check their companyreail. It might be necessary to try

their private emails or just call them on the phone.

Sue also faces a problem in keeping track of her efforts. She wants to know who was already
contacted, did they respond, will @y come, will they bring something, etc.

Fortunately, Sue uses the PIM application to manage her informadioa.creates a new note
and adds the following fields to it:

1 Pendingg for a list of people that she intends to invite, but who have not yet been
contacted,

9 Invitedc for a list of people that she-mailed, but who have not yet responded,

1 Will comeg for a list of people that have accepted the invitation.

She can now add people to tié@ending list by dragging them from the list afl the people she
knows. By clicking the person in thet Sy Rist, gh# éan quickly view the details about that
persong including their email addresses and phone numbers. This information was either
imported from her email client, from Facebook or wdyped in manually by Sue. By right clicking

on an email or phone number she can see its origin. This helps her in choosing the correct one to
use. From the details view of a person she can also quickly go to a list of all email messages sent
by the emailaddresses associated with that person. In this way, she can see which email was
used most recently.

{dzS aSyRa 2dzi AYy@All GA2ya YR Y20Sa LIS2LX S TN
confirms that he or she is coming to the party or not, Suécay 2 S G KSY G2 GKS a2 A

or remove them, respectively. b reply has been received from a person, Sue can try one of the
other email addresses listed in their profile.

For tracking other information, Sue can add more fields to the note. Fonpbe:
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1 Will bring somethingj, for a list of people that offered to bring some food or drinks for
the party,
T Will be late.

Sue can add people to these groups and annotiadse associatios with a note giving the

details (e.qg. the type of food they will bg, when they will arrive, etc.) By annotating the

association (i.e. the relationship between the nateout the partg. G KS a2 Aff ONRyYy3I &a2Y
property and the person), the additional information will only be visible in the context of the

note about the party. If the person itself would be annotated, then the annotation would be

visible for all uses of that Person objesthich does not make sense in this case, as the

additional note applies only in the context of the party.

The application also allow&ue to view the information gathered in the party note in a different

gred C2NJ SEFYLX ST aKS OFy NRIKG Ot A0l 2y GKS a2z A
separate window with a different view. A table view can be used, which, after sejebte

proper fields to display, will show the name of the person and the contents of the associated

annotation. In this way, Sue will have a summary of what each person will bring to the party.

3.4. Summary
A list of features of a personal information managerngystem capable of realizing the scenarios
described in the previous section is given below.

Type system

Information should be organized intgpesand objects. Typewill represent concepts as
described in previous section®bjects will represent reakorld entitiesor things that the user
considers to have their own, distinct identity. For example, information about a particular email
or a particularperson will be represented as an object.

The actual data will be stored abjectsin the form of values associated with properties. Each
property mighthave multiple valuesn this way, a propertguchast y I YSé¢ O2dzZ R O2y (I Ay
for the multiple names that a person might have.

The properties that each type may have are imted to serve as suggestions and hints. The user
is neither forced to supply values for all these properties, nor is he or she restricted from adding
new properties that may be needed.

Multiple ways to view information

Most applications provide only a liteid amount of choices for the user when providing ways in
which information that they contain can be viewed. The PIM application should offer the ability
to view the same information in different waylSor example, a view could be designed to display
onlythe most significant information about the object, while filtering out the résoreover, it
should be possible to use different views for browsing collections of objects. For example,
sometimes it is useful to view a list of emails in a way that it imadly presented in an email
client, but it might also be useful to view emails as a set of thumbnails grouped by the project
they belong to.
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Annotating objects

Annotating an object is a process when one creategw objet, such as a note @to-do item,
which references some existing object. Example use cases inelceiging an anail message
andcreating a note about it. This note, or some fragment of it, could be, in turn, annotated with
a to-do item that would appear in a list of thingsat need to be done.

A special case of annotating objects is tagging. When an object is annotated with a tag, either a
new tag is created or an existing tag is found. The name of a tag is its only identity.

When a user annotates an object, the two obgbecome linked. This means that it should be
possible to access all the annotations of an object from the object itselfyiaedrersa

Linking and grouping objects

A linkdenotes that two information objects are related in some way. It should be pessibl
create named links, which describe the type of relation (e.g. one person knows another, this
picture depicts a given location), and simple links, which indicate that some relationship exists
without specifying it.

Grouping objects is intended for keieg objects that are somehow related in a single place.
Grouping objects is realized through linking. Multiple objects (or collections) can be linked to a
single other obiject, forming a collection of objects. If a named link is used, the group alse carrie
some meaning (e.g. a group of people that a given person knows).

Object equivalence
Object equivalence lets the user state that two information objects represent the same real
world object.

Treating two distinct objects as one has two principal usesas

First, it lets the user combine objedtem different sources that represent the same entigd
concept Due to the distributed nature of personal information, datsout a particular thing is
stored in many different plaes. For example, informaticabout a single person could be stored
on Facebook anph the address book @&fn email client.By combining these two objects, the
user would obtain a union of the information from Facebook and timeadl client which would
be treated as a single entity.

Secondly, equivalence can be used for merging objects that contain different aspects of an entity.
For example, information about a holiday trip could be stored as a calendar entry in Microsoft
Outlook (date and duration of the trip), as a photo album @aPa (pictures from the trip), as a

set ofnotes in Microsoft OneNote (a list of things to pack), and so on. Combining that

information into a single object leaves the user with a single place that can be accessed to find all
the information.

When two obgcts are merged, it is important for properties of these objects that carry the same
information to be merged as well. For example, a Facebook profile and an Address Book contact
will both contain a name and anreail address of a person, although the peojies associated

with those values might be called differently on Facebook and in the Address Book. By defining
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the corresponding properties as similar, the merged object will have only one property stating
the name and one showing theraail address ingtad of two.

Accessingdistributed information

The user should be able to enter new information into the PIM system and combine it with

existing information that is stored in external sourcBsth types of information should be

treated by the system inthsame wayci KSNBE aK2dzZ RyQd o6S Fyeé RAFFSNBY
the type of information they are working with.

Extracting unstructured information

Some information exists in an unstructured form, as described in Settlod Plain text, for

example, might contain references to existing objects. The user might want to mark that a certain
text fragment refers to an existing object (e.g. a person), so thakaktween the text and an

object could be established, which would aid in later retrieval.

Text might also contain fragments that can be treated as property values for objects. As
described in thesemantic notebookise case, a text fragment can be extracted and assigned as
an address of a person. Similarly, a link between the original text and the person object will be
created.

Finally, the user might want to annotatertain text fragments with notes or 4o items.

A similar approach cabe used for pictures, where different regions of a pictceia reference
different objects (such as people, places, etc.)

Sharing information

Sharing personal information is anportant part of the interaction between humans. We like to
exchange experiences, discuss our interests, and comment on the activities of others. In fact,
these kinds of activities form the basis of most social netwanduding Faceboodnd MySpace
Because sharing personal information is such a popular activity, social nethawrksttracted
millions of users, many of whom have integrated these sites into their daily pra&mmes et al.,
2007)

The PIM systens designed primarily as a central place where the user can integrate all of their
personal informationHowever, it can also be an important tool for publishing this information

for others to seeThe user can, for example, combine pictures from diffesgurces into a

Photo album, and then publish it on Facebook. This kind of task is simplified by the system due to
its mechanisms for accessing and combining distributed information.

One of the problems involved in sharing information is defining the sadphe data that should

be published. In a system where all information is stored in the form of associations, this can be
particularly difficult. In the Photo album example above, the album is linked to pictures, the
pictures can be linked to places apersons, which in turn link to other pictures, notes, other
persons and so on. If the application were to follow and publish all links, it might end up

LlJdzo f AAKAY3a (GKS dzaSNDRa ¢K2fS NBLRaAAIG2NEO®

Another problem involveprivacy considerationdgven if a defiited set of information to be
published would be defined, it might be the case that it should not be available for viewing to just
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anyone.Studies indicatéBoyd, et al., 200%hat even though most social networksovide sone
form of privacy controls, allowing the user to specify who gets to see what, it is not enough to
effectively protect the privacy of users.

Intuitive user interface
Interacting with the PIM system should be natural for the user. Therefore the desige oker

interface should follow these principles:

1 Rightclicking on an element displayed on screen should invoke a context menu with
actions relevant for that element. For example, right clicking on an object that can be
viewed in different ways should psent a list of views that can be used in conjunction
with the object.

9 Linking objects should be possible by just dragging one object over another.

Adding objects to a collection should be possible by dropping it on a collection.

1 Adding objects from externaources should be possible by dragging the object from a
third-party application window to the PIM system window.

=
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4. Design

This section presents the design of a system for managing distributed personal information. It
starts by presenting the data mode$ed by this systemwhat types of entities are visible to the

user (the ontology), how are they realized in the application (the application model) and how are
they persisted in a database (the physical model). Then, the components of the user ingggace
describedg with viewsbeing the core elements in this area. Next, an explanation of how the

system enables a user to find, manage and access distributed information is given. The chapter
dzia SNDa LISNA 2

ends with a description of how multiple devices can be usedX®s a a
information and how this information can be shared with others.

4.1. Data model
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is organized for persistent storage using a database managesystgm. The application data
model, unlike a typical logical data model, does not correspond to the domain model for the
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information is captured by the ontological modelhich is constructed on top of the application

model.

4.1.1. Application
The application data model follows from earlier considerations about concepts and types.
Despite being designed for storing personal informatiois still quite a generic modahd it is
not tied to this particular domain.

Objects and values

All user informatioris organized int@bjects An Object is a set of values associated through
Properties and organized into Collectiongelpresents a distinct entity, such as a particular
person.For example, a®bjectrepresenting a person called John Timothy Smith might contain a
Propertygiven nameassociated with &2 f £ SOG A2y K2f RAy 3

Object

Values

0..*

Property

Figure8: Objects andralues

Collection
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Persistent

Values in &ollection can be storedither as an unordered set (&g, or an ordered list (ais).

A Bag is used when the order of the values has no relevance or makes ng $anseample, a

set of people that a given person knows. A List can be used for storing elements whose order is
important, such as a list of names of a persbhe implementatio in this project will be limited

to just the Bag collection.

A Qollection can holgrimitive valuesreferences to otheObjects or to otherCollections. All

these entities are subclasses of the Persistent class:
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Persistent
. 1= ~J _
ObjectBase Collection

Object Value Bag List

Figure9: Persistent objects hierarchy

While a1 Objectrepresents a complex containeifrgple valuesare stored through Value classes.
Each Value contains a Datatype field informing about the type of value stored, sutéxas a
integer, date etc.

Value Datatype

Type

-value 0.1
\— String

FigurelQ: Classes for storing primitive values

In order to support internationalization, text strings are stored through a specialized subclass
called String, which holds a version of a strimgultiple language®asically, a String is a
YIFLILIAY3I 0SG6SSYy Fy L{h fFy3dzZa 3S ARSYGATFTASNI 04dz

Type and property hierarchy
Type and Property classes are separate from the hierarchy of Persistent objedtg{ses)
and are used to define the domain model for the PIM system.

A Property is a name assigned to describe a particular type of association between an Object and
avalue(a value can bany Persistent object, sucasanother Object, or a simple Valyand a
suggested Type for that valfthe Range of the Propertyfor example, a Property called

birthday could suggest the Typate (its Rangejor all new valuesssigned using iMoreover, a
Property can have two other characteristics:

1 A set of inverse Propertie.Property A is an inverse of property B, then whenever
object Q is assigned to object;@s a value for A, then the object i® assigned to object
O.as a value for B.

1 A symmetric property bit. If Property A is marked as symmetric, then whenever object O
is assigned to object,@s a value for A, then the object ® also assigned to object &s
a value for A.

A Type is an unordered set of Propest |t is important to note thathe Properties of a Type
serveonly as guidelines for the possible associations that an Object belonging to that Type might
havec it is neither required that any of these Properties have assigned values, nor the Object is
restricted to having only those Properties thae contained irthe Types thattibelongs to
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Figurellpresents these relationships in the form of an UML class diagram.

Properties

) Types *
Object 0 Type Range 0.. Property
0.*

Figurell: Objects, properties and types

Apart from the above charactistics, Properties and Types are similar to normal Objects. In fact,

they couldbe modeled as subclasses of the Object class. Howieveigst objectoriented

programming languages, including the one used for implementation in this prdjectot

possble to dynamically modify an existing objectriiake it an instance of a specified class.

Furthermore, a single object cannot extend two different classes, while the underlying physical

model allows for an Object to be a Type and a Property at the sanee kirstead, Properties and

teLSa KIS 0SSy Y2RStSR Fa OtlraasSa GKIG RSLISYR

Object
owner owner
1 1
typeComponent propertyComponent
0.1 0.1
Type ObjectComponent ] Property
0.* 0.*
Parents Parents

Figurel2: Type and property hierarchy

Both Types and Properties can form a hierarchipdying parent Types and Properties,
respectively. In general, a Type or Property inherits certain characteristics from its feoeat.
Type, theeffective set of Properties a union ofits own Properties and those associated with its
parents. A Propeyt, on the other hand, inherits the Range set of suggested Types for a new
value.

Equivalence and similarity
Equvalence and similarity anesedfor indicating that certain objects are closely related to each
other.

Equivalent Objects Similar Types Similar Properties

Object j Type j Property j

Figurel3: Equivalence and similarity for objects, types and properties

Equivalence states that two or more Objects are actually the same QiijeetURIs assigned to
them can be treated as synonyms. When two objects are marked as égiigplent, accessing



4.1 Data modg] 43

any of them will result in the samalues. This is accomplished by merging these objects
together. Merging Objects A and B involves:

1 Repacing the set of Types of A anavizh a union of sets of Typed A and B
1 Replacing the mappibetween Properties and Collections for A and B with a new
mapping that contains the union of Properties of both A and B mapped to:

0 The original Collection, if the Property was present only in A or B.

0 A Bag containing a union of values from Collectio#s amd B, if both A and B
had values for that Property and both Collections were of type Batg that a
union of sets implies that duplicate values are eliminated.

0 A List containing values from Collection in A appended to the end of the
Collection in Bif both A and B had values for that Property and both Collections
were of type List.

0 A List containing values from CollectionA appended in random order to the
end of the Collection in B, if both A and B had values for that Property and the
Collectionm A was of type Bag, while the Collection in B was of type List.

The individual objects A and B retain their original values in the underlying RDF model. When a
new value is added to a merged object, the URI that will be used for storing this valueisdele

at random. This means that it is possible to separate objects that have been n{eggenido

the merge) but any values added since the objects have been merged might be distributed
between all the original objects.

Similarity on the other handhints about a closée betweenobjects but the objects themselves
maintain their separate existenck can only be established for Types and Properties.

When two Types A and B are similar, the application will:
9 Offer the same presentation logic for A as B
When two Properties A and B are similar, the application will:

i Treat parents of A as also being parents of B.
9 Treat values assigned via property A as also assigned via property B.

Consider two typesContactand AddressbookEntrylhey might be ass@ted with data imported

from two different applications, e.g. a calendar and amail client. They conceptually represent

the same kind of information, therefore the PIM system should treat them in a similar way. These
types will also use different propges for describing similar information. Defining those

properties as similar will let the system know which pieces of data can be grouped together.
Moreover, duplicate data for the same property can be removed.

4.1.2. Physical
The application data model is phgaily stored in an RDF data stofes all data in RDF is stored in
the form of triples (see Sectich4.5 = | O2y @SNEA2Y 0S0G6SSy GKS | LILIM

RDF statements is necessary.
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Storing objects in an RDF store requires that all such objedtgects, Collections, Values, Types
and Properties; be uniquely identifiable. Because Types and Properties are tied to an instance of
an Object, effectively only Object, Collections and Values@rsistent objects) have a need

for a unique identifieg a Uniform Resource IdentifieDbjeds originating from external sources

may already have aidentifier assignedas itwas created when the object was imported (for
example,anURL will be used for images imported from the Web). Other objects will be assigned
an URI by the system when iffist needed. The URI is generated from a tebefined string

combined witha number from a number sequence.

The descriptions below specify a bidirectional mapping between RDF and the application model.
This means that it is both possible to serializeleagpion objects to RDF and to deserialize RDF
into application objects based on the specification below.

Objects

Serialization o&in Objecto the RDF formaits done by creating statements corresponding to all

the Properties and values associated witiat Object.As a Property is associated with values

through a @llection, this process depends on the type of Collectiéags are normally serialized

in association with an Objecgti KS& | NB & I G ( . 6dt &aéhéeleniest inia Ry, ah 6 2 SO
statemert corresponding to the following pattern is created:

Statement pattern Example
O P V. ex:John foaf.givenname aW2 Ky é€
ex:John foaf.givenname ACK2Y!l a

Note: Orepresents the URI of the Obje&trepresents the URI of the Property awd
represents thevalue. As a value of a property could be another Persistent object, a detailed
description is includeth the next section

When a Bag is serialized in the above way | 4 i EOKSER&a0 SEAaAGSYyOS A& GASR
Object¢ when the Object is deletk so is the Bag. Moreover, the Bag cannot be referenced
directly, as it has no associated URI.

Bags can also be serialized as separate objects, which is always the case for List coidntions.

a Collection is serialized in this way, the value V irptttern above is the URI of th@llection.

This, however, introduces an ambiguity deserializationan attachedBag holding a Lisesults

in the same statemeras aProperty associated directlyith a List. In order t@olvethis problem,

0KS F2tt26Ay3 NHA S A& dz&ASRY LT +ty hoaSO0iQa LINE LIS
is a List, then the property is considered to be associated with a List.

The process of serializing elemenfsa Collections described ithe next section.

An Object can also be associated with a set of TypeghbaObject is an instance of. This is
expressed in RDF using thi:type property, whichis used to state that a resource is an instance
of a clasgWorld Wide Web Consortium, 2004/$jor each Type (with an URJ the following

RDF statement is constructed:

Statement pattern Example

@) rdf:type T . ex:John  rdf:type foaf:Person .
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Furthermore, an Object can be marked as being equivaleattdher Object. This fact is
expressed using thew!:sameAgproperty, whichstates that the things identified by two separate
URIs are actually the same thigghey have the same real world identity. In essence, this
construct expresses that two URIs aggonymgBechhofer, et al., 2004)

Statement pattern Example
O owlsameAs O . ex:John  owl:sameAs ex:Johnny .
Collections

The previous section described how Collections are serialized in connection with an Object. In
this section a description of persisting the elements of the Collection is given.

Serializing a Collection involves creating a statement that describagpbef the Collection and
then a statement for each element. A Bag uses the following pattern:

Statementpattern Example
C rdf:type rdf: Bag. ex:ld#l rdf:type rdf:Bag.
C rdf: i V. ex:ld#1 rdf:li aW2 Ky €
ex:ld#l rdf:li a¢CK2Yl a

(Note:Crepresents the URI of th€ollection rdf:li is a propertythat enumerates elements in a
container, anddf:Bagisthe class ofinordered containergWorld Wide Web Consortium,
2004/s))

A List uses the pattern below:

Statement pattern Example
C rdf:type rdf:Seq . ex:ld#l rdf:type rdf:Seq .
C rdf:_nn V. ex:ld#1 rdf:_1 aW2 Ky €
ex:ld#1l rdf:_2 a¢K2Yl a

(Note: rdf: _nnis a pattern for list properties that enumerate elements in a container,raifiéeq
isi KS Of aa 2a @5\ BaEels CoBsortium, 2004/s)

The values of €ollection (represented by in the above patterns) are stored depending on their
type:

1 For Objects and Collections, V represents the URI of the object. This is also the case for
Values which are not attached.
9 For attached Values, V represents the litaralue (see the next section).

Values
The serialization of a Value usually involves creating onlylifectpart of an RDF statement.

A Value is serializemsa typed literal which is a combination of a string and a datatype

specification. Different typesf data are converted to a string form in accordance with the XML
Schema specificatiofworld Wide Web Consortium, 2004/djor example, a Value holding a

RFGS a5S0SYO6SNI mns HRA0DE-10T@MA:0078:&ted SNA L £ AT SR

A special kind of Value is the String class, which is used for representing internationalized strings.
Each language version of a stringesialized as aeparateplain literal value in RDF, which is a
combination of a string and an optionahiguage tagwWorld Wide Web Consortium, 2004/3his
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means that a single String object can result in multiple statemenotse for each language

version. Again, this can introduce an ambiguity for deserialization: a Bagepfendent Strings

will have the same RDF representation as a single String. The problem is solved by treating all
plain literals with a language tag having the same RDF subject and predicate as being part of the
same String. For examplie statements b&w would result in two separate String objects

exObject ex:Propertyl éae& yIYS A& tSGSNEXSY o
ex:Object ex:Propertyl ¢ WS3 KSRRSNJt SGSNEXRI o
ex:Object ex:Property2 Gw5C A& YyAOSéXSy o

Values can also be persisted as standalone objects. This is regtieedthe Value needs to be
referenced using an URI. In this case,tiffevalueproperty is used. For example:

ex:SomeValue rdf:value A¢CKAA Aa | @I fdsS¢ o

Types and Properties

Types and Properties aserialized as statements having the Object associated with a Type or
Property as their subjecEigurel4 summarizes all relationships that are defined on the Type and
Property classes and which need to be serialized.

parents parents
0.* 0.*
Properties
o Property
Type Range - :
o -symmetric:boolean
0“*
0.* - 0..*
similar inverseOf similar

Figurel4: Diagram of all relationships owned by Properties and Types

The table below describes how the above relationships are mappBIDF statemeist Source
andTarget URIglenote the URIs of the elements at the source and target of a directed
relationship, respectively. For bidirectional relationships, two sets of statements are constructed:
one using the first end of the relationship as the soust®] the second using the other as the
source.Oneto-many relationships are serialized by creating statements having the same subject
and predicatebut different object for each relationship end.

Relationship Subject Predicate Object

or property

parents Source URI rdfs:subClass{Type) Target URI(Ss)
rdfs:subPropertyQfProperty)

properties  Target URI(s) rdfs:domain Source URI

range Source URI rdfs:range Target URI(S)

similar Source URI(s) owl:equivalentClasgType) Target URI(S)
owl:equivalentProperty
(Property)

inverseOf Source URI(s) owl:iinverseOf Target URI(S)

symmetric  Source URI rdf:type owl:SymmetricProperty

Table3: Mapping of Type and Property relationships to RDF
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For example, the following objegtaph:

Properties <<Property>>
ex:FirstName Range
<<Type>> <<Type>>
ex:Person xs:string
Properties Range
<<Property>>
ex:LastName
would be serialized as:
ex:FirstName rdfs:domain ex:Person .
ex:LastName rdfs:domain ex:Person .
ex:FirstName rdfs:range Xs:string .
ex:LastName rdfs:range Xs:string .

Equivalence

Equivalence between objects and similarity between types is expressed in RDF thmaegh
OWLconstructs with slightly different meanings. The first one/:equivalentClassapplies to
classes of things and states that the sets of instances of botteslass equal but the classes
themselves have a different intentional meaning. In other words, the classes represent different
concepts but when one object is an instance of the first class, it is also an instance of the other
class. For example:

exUS Pradent  owl:equivalentClass exPrincipalResidentOfWhiteHouse

The second construchwl:equivalentPropertyresembles the previous one except that it

operates on properties instead of classes. Equivalent properties have the same values, but do not
imply thesame meaning. This means that if propePtof objectOhas value/andP1lis an

equivalent property oP2 then propertyP2of objectOwill also have valu¥.

The above two OWL properties are used for serializing the Type and Property similarity,
respectively.

The last OWL construciyvl:sameAgstates that the things identified by two separate URIs are
actually the same thing they have the same real world identity. In essence, this construct
expresses that two URIs are synonyms. For example:

exBillGates owl:sameAs exWilliamHenryGates

This construct is used for serializing the equivalence relationship between Objects.

4.1.3. Ontology
The ontologydescribed belowdefines the actual domain model for the personal information
management system.
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Basic types

Person

A type for describing a person. This class inherits most of its propertieddad®ersonwhich

includes such properties as names (family name, first name, given names), gender, email address,
interests and a list of other people th@rson knows.

<<class>>
Person

II <<class>> <<class>>
Contact foaf:Person
<<property>> <<propertyr»> <<class>>
displayName foaf:name xs:date
rdfs:range
<<property>> <<property>>
birthday foaf:birthday
<<property>> <<property>> rdfs:range <<class>>
hasPicture picture Picture
owl:equivalentProperty
<<property>> <<property>>
primaryPicture foaf:img

Figurel5: UML class diagram for the Person type

Some of the properties that are already definedaaf:Persorhave been specialized in this class.
These include:

1 displayNamas a propery for holding the full name (i.e. given names plus surname) of a
person, formatted in a way that should be used for displaying by the application. The
foaf:nameproperty, which it inherits from, is a generic name for any type of thing.

9 Dbirthdayis aspecidized version ofoaf:birthdaythat specifies its range to be a date
value.

1 hasPicturds a subproperty of th@ictureproperty that associates a Picture to a Pergon
listing all pictures that depict this Person. Note tpatturehas an inverse property called
pictureOf which associates the Picture with the thing that it depicts.

1 primaryPicturespecifies the primary image for a persgne. a picture that is used when
a single image representing the person needs to be showthié\ss asubproperty of
hasPictureall pictures associated vgimaryPictureare also considered to be associated
viahasPicture

Picture
A type for representing an imagéhis class is an equivalentfoaf:Image which is used for
describing pictures in the FOAF ontology, aedif:Photo which associates EXIF attributes with



images By having these two classes defined as equivalent ones, the application will treat them in

the same way as it handl&Sctures.

<<class>>
foaf:Image

owl:equivalentClass

rdfs:range

<<property>>
foaf:img

owl:equivalentProperty

<<property>>
picture

rdfs:range

owl:inverseOf

<<class>>
Picture

<<property>>
pictureTitle

<<property>>
pictureOf

4.1 Data moddl 49

owl:equivalentClass

<<class>>
nexif:Photo

Figurel6: UML class diagram for the Picture type

APicturecan be associated with other objects through fhietureOfproperty, which states that

the picture depicts another object. Whenever such a statabis created, an inverse statement,
saying that a given object is depicted in the picture, is automatically created due to the inverse
pictureproperty.

APicturetype is automatically associated with all images imported into the application. For
supported image types, such as JPEG files, the application will try to extract additional metadata
from the image file, such as when the picture was taken and what camera settings were used.

To-Do Task

A ToeDo Tasks a type for keeping track of things that thean needs to do. The model for this

type is very simple it is composed of a title, a description, a due date and time and a completion
status (Pending, Started, Completed).

To-Do Tasks can be created as standalone items, but they are mainly intendedised for
annotating existing objectsn this way, the tedo item will serve as a reminder for another object
which is directly related to the task that needs to be completed.

Notebook Page

A NotebookPage is a type indented to realize the metaphor qdage in a notebook, where one

can write, draw, attach pictures, newspaper clippings, and so on. The electronic Notebook Page is
a blank area where the user can enter text, put pictures, URLS, references to other objedts, etc.
this way different types ahformation can be combined as needed to form a single note. The
elements on the Page can be positioned and resized as the user desires.

Figurel7 shows the involved types and properties:
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<<class>> <<property>> <<property>>
NotebookPage noteSubject xCoordinate
<<property>> rdf:range

yCoordinate rdf:rangei
<<property>> rdfrange  <<class>> @ <<class>>

desktopElements DesktopElement rdf:range  xs:decimal

\ <<property>> rdf-ran

width
<<property>> <<property>>
target height

Figurel7: UMLclass diagram for the NotebookPage type

Location

A type for representing a geogphical location. Objects of this type can form hierarchies
describing which locations are a part of anotibégger location. Such a hierarchy can be used for
finding associated objects. Consider a set of pictures associated with the loCajpi@mhagenAs
Copenhagets a part oDenmark displaying the pictures for Denmarkght also include those

for Copenhagen.

<<class>> <<property>> <<property>>
Location locationName title

rdfs:range ?

<<property>> | . .| <<property>>
partOfLocation owlinverseOf locationParts

Figurel8: UML class diagram for the Location type

Photo Album
A photo album is a collectioof pictures. It can have a title and an associated location, which
describes where the pictures were taken.

<<class>> <<property>> <<property>>
o — . — | k
Album albumTitle title

<<property>> <<property>> rdfs:range <<class>>

albumLocation location Location
<<property>> <<property>> rdfs:range <<class>>

picturesinAlbum picture Picture

owl:equivalentClass

" <<property>> <<class>>
owkinverseOf partOfAlbum foaf:Image

Figurel9: UML class diagram for the Photo Album type
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An album is intended to group picturéisat share something in common. A user might create an
album for grouping pictures from a single trip, but could also use it for storing pictures of favorite
places, etc.

Trip

A Trip type is intended for grouping information related to a travelling. It contains a title, start
and end time and a set of participants. Additionally, a Trip can be divided into a set of smaller
Trip Fragments, which describe the individual placesedsiuring the trip.

Foreign types
The PIM system relies on several additional ontologies for working with external information.
These are:

9 Dublin CordDCMIYX;, defines terms (e.qg. title, creator, publisher), for describing
resources typically found on the Web.

9 Friendof-a-Friend(Brickley, et al., 200%)allows for describing persons, relations
between them and to other objects.

. NEPOMUK Message Ontold¢y¥MO)- defines types for describing ensm#nd instant
messages; it is used by the Apertfpgpe09)framework for importing messages.

 NEPOMUK EXIF OntolBgNEXIF) an adaptation of the EXIF standard for describing
metadata associated with digital cameras and plgpaphy as an RDF ontology; it is used
by the Aperture framework for importing pictures.

. NEPOMUK Contact OntoldggNCOY} defines types for describing contact information; it
is also used by the Aperture framework.

Only some of the types and properties wearxplicitly integrated with the PIM system. That is,

some of them were manually defined to be parents or children of, or that they are similar to the
Ge8LJSa YR LINPLISNIASE RSAONAROSR Ay (KS LINBJA 2 dza
aparen2 ¥ (0 KS t SNER2Y (el {2YS F2NBAITYy (GeLlSa 0 ad
custom views created for them so that the user can easily work with the data they describe.

However, even if a type or property was not explicitly incorporated into thedyBiem, the user

should still be able to work with it if it has associations to otheruetiwn types and properties,

such as the ones defined in the Dublin Core or RDF Schema ontologies.

Important relationships
Some of the relationships described abaeguire a more irdepth look.

A common functionality for the PIM application is to display a name or title for an object, so that
it can be easily identified by the user. For example, when-Bdtask is opened in a new

window, the window title should aatain the nameof the TeDo task:This is achieved by defining

all the individual title properties of various types as subproperties of a ditigl@roperty (see
Figure20). The system can then exploit this relationship to find a correct value to display.

o http://www.semanticdesktop.org/ontologies/2007/03/22/nmo/
10 http://www.semanticdesktop.org/ontologies/2007/05/10/nexif/
" http:/www.semanticdesktop.org/ontologies/207/03/22/nco/


http://www.semanticdesktop.org/ontologies/2007/03/22/nmo/
http://www.semanticdesktop.org/ontologies/2007/05/10/nexif/
http://www.semanticdesktop.org/ontologies/2007/03/22/nco/
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<<property>> <<property>> <<property>>
noteSubject albumTitle groupTitle
<<property>>
title <
<<property>> <<property>>
taskTitle pictureTitle

Figure20: UML class diagram for title properties

However objects that were imported from external sour¢gsch as from Facebook or Gmail)
use foreign ontologies that have motion of the title property used by this systeifiwo
common properties that serve a similar purpose in other ontologies are the label property
defined by RDF Scherfi&orld Wide Web Consortium, 2004/hd the title property defined by
Dublin CordDCMI) To properly handle title values for objects using these properties, an
equivalence relation is defined between them and thétproperty used in the PIM system:

<<property>>
rdfs:label

<<property>>
title

<<property>>
dc:Title

owl:equivalentClass

owl:equivalentClass

Figure21: Equivalence relationship between title properties

A special case of the problem of finding the correct value to display as a title of an object is
related to thePersorntype. A person has a first name, given names, surname, nickname, etc. Not
all of these properties neetb be assigned for every persorytithe application shoul@lways

display the most relevant value availablénis is accomplished by properly defining the hierarchy
ofthePerso®@a& y I YS LINRPLISNIASaY

<<property>> I <<property>>
rdfs:label owl:equivalentClass title
<<property>> <<property>>
foaf:name displayName
<<property>> <<property>> <<property>>
foaf:family_name foaf:givenname foaf:firstName

Figure22: UML class diagram for hiarchy of name properties

When a value for the title is needed, the application will try to find it by starting atitliee
property and going down the hierarchy until a value is found. A detailed description of the
algorithm will be given in Sectigh3.4

4.2. Presentation layer
The primary element of the user interface for the PIM application is/ibe. AView is a GUI
control for displaying information contagal in an Object or a Collection. It implements the logic



necessary to present a certain type of information in a predefined wasmgle type of
information can be thus presented in many ways by choosing diffetiemss. The PIM system
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makes a general diaction between the following types afiews:

1 Anormalviewis used for displaying objects to the user when a detailed and complete set

of information is needed. Normaiew are usually displayed in a separate window or tab,

and occupy a significant pooti of the screen.

1 AT ceviewd a

of a person.

1 Anew objecwviewis a variant of a normaliewthat is used for editing a new object just
after it has been created. It can present a special set of fields which should be initially

filled by the user.

The main window of tl application displaygiewsin the form of tabs; whenever an Object or
Collection is opened by the user, a new tab is created with an appropi@tefor the type of
object to display. Views are also embedded in othiews In this way, more compleXewscan

dzZaSR FT2NJ RAaLX @Ay 3
are commonly used when many Objects are displayed as part of a Collection. They
present only the most important information about an objeot.g. apicture and a name

be constructed from simpler ones.

. Object
ObjectBase

1

Collection
Collection

ObjectView

1

CollectionView

Figure23: UML class diagrarfor View classes.

The simplest types afiewsare valueviews which areused for displaying a singbeimitive
value, such asxt string, a number, date and time, an image, @tiesey are combined together
to form more complex buitin views In turn, built-in views can be combined by the user to form

custom views.

Nesting simpler views within more complex ones requires someeamadipn between them in
order to give the user a unified experience. This is accomplishedoppagatingcertain
propertiesdown the view hierarchywhenever a property of a view changes, it is propagated to
all child views that have a default value fbat property setThe properties that use this

mechanism are listed below:

. Language
<<enumeration>> guag

View

LanguageCode 1

Figure24: View properties

Parent View

View j

Display mode

ly 202S0i

<<enumeration>>
DisplayMode

1

+View
+Edit

T2N
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1 Language specifies the language ugdor displaying messages. This affects the selection
of Property titles andString values.

9 DisplayMode determines whether a view should only display information or also allow
for them to be modified.

Apart from the above propagating propertiesy@w might define other useconfigurable

properties that affect how information is displayed. The@seperties can be modified by the user

for a view being shown on screen (the settings are effective as long as the view is displayed and
are not saved), or fathe whole class of views of a certain type (using the View editor described

in Sectiord.2.5).

Other elements of the user interface include controls for editiyyges and properties, displaying
RSGFIAfa loz2dzi Iy 202S00Qa GelLlSa yR NBflFliAz2ya

4.2.1. Built -in views
The applicatiordefines several types of built views forinteracting with typical forms of data.
The visual layout and behavior logic of these views is-bad#d in the application and cannot be
modified by the user.

Value views

Value views enable interaction with basic forms of dathey are used in conjunction with

Value objects They either diglay readonly information or allow it to be modified, depending on
the setting of theimDisplayMode property (see~igure23). The following value views are defined:

1 TextEditorvView ¢ Aview far displaying and modifying plain text strings contained in
Value andString objects. For the latter, the view displays a language version of the
string that matches th&anguage property of the view.

9 DateEditorView ¢ A view for déplaying and modifying date and time values. This view
supportsValue objects with a datatype ofs:dateandxs:dateTime

T NumberEditorvView ¢ A view for displaying and modifyimyimbers corresponding to the
numeric types defined in XML Sche(idorld Wide Web Consortium, 2004/d)

1 ComboSelectionView ¢ A view that displays a single value which can be selected using a
drop-down list from a set of values obtained from a Collection. This view requires that
the Range othe property for which a value is edited would be a Bag holding a list of
values, in addition to being a Type.

1 RichTextView ¢ A view for displaying and editing rich text strings containedaine
objects of typeHtmIText(i.e. rich text is serialized toHT ML form). The view supports
basic text formatting operations, such as changing the font type, size, style and color.

1 ImageView ¢ A view which teats the URI of an object as a W@BL and uses it to display
an image retrieved from that address.

Outline view

TheOutline view is the simplest type of a view for displaying Objéicssmply liss all properties
defined for an Object and their valuels each property is associated with multiple values
through a CollectiomQutlineView uses otherCollectionV iews andObjectView s to render the
actual valuesDisplaying an Object in autlineView thus involves the following steps and
components for each property contained in the Object:
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Property Title:

Figure25: Diagram ofthe OutlineView

1. OutlineView displays the title of the property

2. OutlineView chooses & ollectionView for displaying the Collection associated with a
property. Usuallyhe SimpleCollectionView  is used.

3. ThecCollectionview displays the elementsdaf KS / 2t £ S O DEeftviedzs.A y 3

A special feature of theutlineView is the possibility of quickly adding new properties (i.e. extra
information) to an Object. By rigfaicking on the view, the user can invoke a context menu from
g KAOK (yKSSs GLONPRLIS NI @ ¢ A This displys ¥ drap@vn Bo$whr®al S R ¢
property already defined in the system can be selected or a completely new property can be
jdzA 01t & ONBFGESR® C2NJ SEI YLX S GKS dzasSw OF y
account information for a person. Once this property is created, it can be reused for other
Objects.

Desktop view

DesktopView is used for displaying Objects of tyNetebookPage A Notebook Page represents
a page on which other objects can be placedOQ%iject of this type contains a list of references
to other Objects together with coordinates and dimensions for displaying them on the screen.

The view is composed of the following components:
(seeFigure4lin Appendix Aor an example of how this view is realized in the prototype)

Figure26: Diagram of a DesktopView
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1. A box showing the title of the Notebook Pagiee noteSubjecproperty).
2. AnoOutlineview for displaying additional properties associated with the Notebook Page.

The rest of the view (3.) is an area where Objects can be placed. Each Object is rendered using a
default ObjectView selected for that type of Object. The ObjectView is placed inside a border

that can be resized and dragged by using the mouse, which séauhe ObjectView being

resized and moved around the Notebook Page, respectively.

By clicking on an empty area of tbesktopView , the user can create a nevtmlTextobject that
will be rendered using thRichTextView . In essence, the user can aadditional rich text notes
to the Page just by clicking on it.

Similarly to theOutlineView , the user can right click on the list of properties (2.) and chéwie
propertyto add a custom property to the note.

This view defines the following useonfigumable properties:

DisplayProperties Determines if a list of properties assigned to the Obfexdisplayed in
the View i.e. should the box labeled (2.)Higure26 be visible.
DisplayTitle Determines ititle of the Notebook Page should be visible)(

&Ae AAA OEAx

FacadeView is the view that is used by default to display objects in cemadé; if no specialized
view is available for that object typ@&he object is displayed as a button contairting title of

the object (obtained through thitle property, or the URI of the object if no title has been set)
and alist of types of the object. Clicking on the button opens the object in a new tab tiing
default viewc this will usually display the details of the object

Xaml view and Typed Outline view

XamlView and TypedOutlineView are two classes for displaying us#afined views. The former
uses an Extensible Application Markup Language (XAMfdeosoft)as a source for the view
definition. A view defined in a XAML file can contain any Windows Presentation Foundation
(WPF) element@Microsoft) such as buttons, labels, text boxes,gabtc. Additionally, it can
contain other views. A description of how views are defined in XAML will be given in Section
422

One of the views that is typically used in conjunction with XaenlView is the

TypedOutlineView . This view displays a list of properties afadues in a way similar to the
normalOutlineView , which was described earlier. While an OutlineView displayieall

properties associated with an Object, when using a TypedOutlineView the user can specify which
values should be displayed on screen.

Items that are to be displayed by this view are describes usingeineclass:
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Item
- ViewDescriptor
+Title:string View
\
Property
Propertyltem Property Type
Propert
pery OfType
Mappings
Virtualltem - Mapping i ReflectiveMapping

UriMapping

+Uri:string

ValueMapping

+Value:string

Figure27: UML class diagram for TypedOutlineView items

Anltem defines the title to be displayed on screen and the view that should be used for
displaying the values. The view can be eitheDajectView ¢ then only the first element of th
underlying collection will be displayed, oCallectionView , which will display the whole
collection. TheviewDescriptor  class holds a name of théew class and contains logic to
instantiate it.

An Item can be either Bropertyltem , which displays values associated with a Property, or a
Virtualltem , which holds a simple query that will return a set of values for display. The query is
defined in terms of one or morglappingd = ¢ KA OK | NB O2YO0AYSR dzaAy3a {f

1 AvalueMapping retrieves allobjects which have the giveralue assigned using the
givenProperty . The datatype of th&alue can also be specifiedn example query
02y ailiNHzZOGSR dzaAy3a (KA abje¥is whichihgva and\gedafjudd too SY d a
24¢ ®

9 AuUri Mapping retrieves allobjectswhichreference arDbject identified by the given URI
assigned as a value thfe specified Propertyln addition, the type of the returned objects
can be restricted to the specified oneffype). An example query constructeding this
YI LA Y3 ¢2dAf R 0 SftypedPictkirévbichIrefefencé BeBsBnGdéritified
by the URI ex:JohnDé€ed

1 AReflectiveMapping is equivalent tdJriMapping except that the URI of the referenced
object is automatically set to the URI of thejett currently displayed in the
TypedOutlineView . For example, a custom Person view defined agpadOutlineView
could use this mapping to show all pictures that reference the currently displayed
person.



58| Design

Furthermore, this view defines the following usemfigurable properties:

Orientation Determines whether the items should be displayed each on a separg
line (vertical ) or all on the same lingdprizontal ).

Simple Collection view
SimpleCollectionView  displays a list of objects belonging to a collection. The objects are
rendered one by one using a defafiltt ceVvigw $or that type of object.

The list of objects can be displayed in one of the three modes: horizontal (all elements are
displayed on a sirg line), vertical (each element is displayed in a separate line) or wrap
(elements are displayed in a line, but overflow to following lines). If the collection being displayed
is a Bag, then the elements are shown in random order. On the other hand,dbtlection is a

List, the elements are displayed accordingly to their position in the List. Moreover, the elements
can be reordered by dragging them with the mouse.

SimpleCollectionView  can also display elements grouped by a certain property value. The user
selects goroperty that will be used for grouping from among the properties of the Objects

present in the collection. Only elements of type Object having a value for that property are
displayed in the view when the grouping feature is active. If an Object has multiple values for that
property, it is displayed in more than one group.

SeeFigure40in Appendix Aor an example of how this view is realized in the prototype.

This view defines the following useonfigurable properties:

LayoutMode Horizontal, Vertial or Wrap.

GroupBy The property used for grouping.

Alternative values Collection view

AltCollectionView s a view that displays just a single value from a collection at a given time.
The user can switch the currently displayed value by clicking a huitaran use a drop down list
to directly select a value.

This view is intended to be used when there typically is just a single value for a property, but
additional values are possible. For examphest people will have a single mobile phone number,
but some might have more.

List view

ListvView displays Objects belonging to a collection in the form of a table, where each column
corresponds to a specific properfiihe header of a column can be clicked to initiate sorting by
that property.

The set of properties that will be displayed in the table can be configured by the user. By default,
the view will use all the properties of the type being the range of the property associated with
iKS GASsQa O2f f S Qistkidvy i®embeaded irSabdtherhviewsadisplaly thei K S
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properties of Picture as columns.
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The TimelineView is a view for display@jectsbelonging to a colld®on grouped by dateThe
user can select a specific property of typedate Timavhich will be used for comparison, or the
system can use the first property of that type which it finds assigned to an object.Object
does not have a suitable propertyis not displayed at all in this view. If an Object has multiple
values for that property, it is displayed multiple times in the view under different dates.

The view is composed diree parts:

10 Oct 091 20 Oct 09

Sep 09 Oct 09 Nov 09 Dec 09

Figure28: Diagram of a TimelineView

1. A draggable timeline.
2. A period indicatok, the user can drag the period boundaries to change the length of the

period.

3. AsSimpleCollectionView  for displaying a set of objects that belong to this period.

This view defines the following useonfigurable properties:

GroupBy

The property used for grouping.

PeriodLength

The length of the period for classifying objects into a group.

4.2.2. Custom views
Custom views are views which can be created and modified by thedsfning a custom view
involves defining the graphical layout and contents of the view and assigning it to one or more
types for which this view is suitabl€he prototype supports onlgustomObjectView s, i.e. it is
not possible to define a custom view for a Collection.

The contents of a view is defined using XAMicrosoft) an XMEbased language for
declaratively defining the elements of the user intexé.Defining a user interface in XAML is
somewhat similar to how web pages are defined using HTMé& prototype design uses the
XAML concept of attached propertié$o assign which user interface elements defined in the
view should display particular Qdajt properties.

The following attached properties can be used:

Pry +aGGrOKSR LINRLISNIIé Aa airvyLwie | ylYSR gt dzS
need to have any knowledge or support for that value.
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1 Property ¢ specifies the URI of the property that is to be used as a source of values for
an element;

9 VirtualCollection ¢ specifies a Collection created by executing a-akdined query as
the source of values for an element;

1 InheritenceDirection ¢ specifies how should values from ancestor and descendant
properties be used when no value for the given property is assigméte Object; used
Ay O2y 2dzy Ordpérty e aitackiell prapdtt.  a

The above ttached properties can be assigned to standard WPF elements, such as text boxes,
labels, buttons, etc., or t@bjectViews andCollectionViews .When a custom view is used t
display an Object, the Obiject itself is assigned to the topmost element in the view. If that
element has no attached property assigned, then the child elements are inspected. This
operation continues all the way to the leaf nodes of the element ttean element with a

Property or VirtualCollection attached property is found, then these properties are used for
retrieving the values to be displayed.

C2NJ SEI YLX §2 (KS TFypedsldéiited @thsSfalowingway: t SNE 2y

<v:Xaml Vi ew &
<StackPanel >
<c: ImageView v: XamlView.Property — ="pim:primaryPicture"
v: XamlView.InheritanceDirection ="Both " IsFacadeMode ="True"/>
<Label v: XamlView.Property  ="foaf:name"
v: XamlView.InheritanceDirection ="Both " Content ="{ Binding [/ Value}"/>
</ StackPanel >
</ v: XamlView >

It displays @tackPanel (a standard WPF element for displaying child elements beside each
other), which contains amageView (a builtin ObjectView ) that will display an image obtained
from a property calleghim:primaryPictureand aLabel (another standard WPF element) that
will display the name of the person.

The prototype defines several custom views for handling types defined in the ontology:

Type View Description

Email EmailView Displays a singlemmail message: a sendegcipients,
subject and message body.

Location LocationView Displays details of a geographical locatioame, parent
and child locations.

Mail MailFolderView Displays a list of messages in amail folder in a way

Folder similar to traditional email dients.

Person PersonView Displaysletails about a person, including names, birthday

picture, email address and homepage. Additional details
are available through a series of tabs: people this persor
knows, pictures, notes and trips that are relatedhe
person.

PersonNewView A view listing only the most important properties to fill in
when creating a new Persabject first name, surname,
nick name and date of birth.

PersonFacadeView ! Tl el RS @ASg F2NI t SNA2Y P
together with their name.
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Photo PhotoAlbumView Displays a description of the photo album together with &
Album gallery of images belonging to that album.
Picture PictureView A detailed view for a Picture, which, apart from the image

itself, displaysssociated objectpictureOfproperty), a
title and description, and a set of EXIF image properties
(such as camera maker, settings when the picture was

taken, etc.)

ToDo Task ToDoView Displays the title, due date, completion status and
description of &o-do task.

Trip TripView Displays a description of a trip, including a title, participa

and visited locations.

Table4: A list of predefined custom views

4.2.3. View selection
A complex view displays information to the usermrblying on simpler views to render their
corresponding parts of the data contained in an object or a collection. For example, a Collection
view might display objects in the form of a list, but the way each individual object in the list is
renderedislefii 2 |y Fdzi2YlI GAOFtte OK2aSy Fl e RS GASsd

The system maintains a list of object views that are suitable for a given type, similar to the one

given inTable4 above. Eaclype can be mapped to zero or more views. For each such mapping,

GKS (eSS 2F GKS OASH A& AYRAOIGSR O0A®PSD y2N)NIf
of this section). One of the views is marked as the preferred giawiew that will be

automatically selected, when needed. The remaining views are offered as suggestions when the

user wants to select a different view by using the context menu.

A complex view can request a view that will be suitable for displaying a property, a collection or
an object or value. These cases are handled in the following way:

9 A propertyg The range of the property is inspected. If the range indicates that this
property stores literal values (e.g. strings), then an Alternative values collection view is
selected.Otherwise, a Simple Collection view is selected.
1 A collectiong A Simple Collection view is always selected.
1 An object or value The mapping between types and views is consulted to find a
preferred view for one of the types of the object or value. Theepaitypes are inspected
next if no view is found. Additionally, the preferred view must match the requested view
0@ LIS 0y 2 N |-dbjech.FioehlyRiw vied @an be found in this way, a default
view is selected: an Outline view for the normal viévé LIS | Cl el RS @ASg ¥
and a Typed Outline view for nesbject.

4.2.4. Context menu
Any area of a view can be rigtlicked to invoke a context menu with actions relevant to the
clicked element. Different actions are displayed dependant on the ¢fplee element and
whether it is part of a collection. Standard actions include:

| Applies to: Title Description

Objects Il RR ! yy 2l Createsanew annotation for the selected
object. The user is presented with a list of
possible annotationaNote orTo-Do).
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Objects hLISY Ay | L. This option is only available if the object was
imported from an external source. It will try t
open the object in the application that the
object originated from.

Collections I RR 9f SYSYy Creates a new object of theelected type and
adds it to the collection.

Objects and hLISY 2 A { KX Opens the object or collection using a chose

Collections view. The user is presented with a list of viey
adzAi Gl ofS F2NJ GKS 2062

Properties Edit Property Invokes the Ontologizditor on the selected
property.

Objectsand Values 9 RA (i ¢ & LIS X Invokes the Ontology Editor on the selected
type. The user can choose from the types
associated with the Object or Value clicked.

Objects and Values  Show Details Displays the Object Detafisrm with
information about the clicked object.

Objects and Values  Delete Marks the Object or Value for deletion. It will
be removed from the system.

Persistent’® Edit / View Switches between View and Edit mode for tt
selected view.

Persistent Replacet A S g X Replaces an existing view with another one
chosen from a list.

Persistent in Remove Element Removes an element from a collection.

Collection

Any { SG [ I y3dzZ Changes the language used to display the

selected element.

Table5: Summary of context menu actions

In addition to the actions listed above, views can define their own additional actions that apply to
iKS StSySyita GkKSe FINB RAaLX I &@Ay3ad C2NJ SEFYLX Sz
context menu action, whichllows for adding new properties to an object.

Some of the actions listed above require further discussion:

¢KS ahLISYy Ay !LIWLX AOFGA2YyXE OGA2y fStGa GKS dzaSNJ
object was imported. As described in Sect®8.3 the PIM system is intended to help the user

organize, retrieve and keep track of different kinds of information. It is not intended to replace

the functionality oféred by specialized applications. That is why being able to quickly open the

original source is an important function. If an object was merged with other objects that were

also imported from external sources, the context menu will let the user choose &pjaftation

should be invoked.

CKS GwSLIXFOS +tASeXé OGA2Y A& AYGSYRSR (G2 t8G (K
displayed on the screen. When a view is displayed, child views are selected automatically based

2y (0KS @ASgQa agshé indsyappiopriatdlvieds Bor th@ ized ébject or collection,

as described in the previous section. Howeviee, user can also choose another view to replace

0KS OdZNNByld 2ySd ¢KAAa FOGA2Yy A& aAAYALLFWI G2 dahLISy
in a new tab or window, it replaces it-place of an existing view.

¥ persistent objects include Objects, Values and Collections.
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The potential use cases of this function are as folldwirst, it lets the user view the same object

in different ways. This could be used for switching between views that focdgferent parts of

the information contained in an object. Secondly, it allows collections of objects to be viewed in
different ways. Suppose a Photo Album view displays a list of pictures as a set of thumbnails.
However, the user might be interested irewiing those images grouped by time (e.g. using the
Timeline view), or to view the title and description of each picture in the form of a table (the List
view).

4.2.5. View editor
The view editor is a simple graphical editor for defining custom views. It all@vsstr to create
specialized views for new or existing types of information. As describ@tuynh, et al., 2002)
i K 8serdnterface changes performed by the userréghf S@Sf Y G KS@& I NB (2
interface workasinterior design is to carpentry. In other words, customittireguser interface is
akin to editing a word processimpcument or manipulating a spreadsheket.

The view editor functions in the following way. A user is presented with a blank form (when
creating a new view) onto which Ul elements can be placed. The following elements should be
available:

1 A Labek for displaying reagnly text.

1 A Textbox for displaying modifiable text.

M A Gridc An element container that has a customizable number of rows@tumns;
each cell can contain one other element, including another grid. The width and height of
rows and columns can be modified.

1 Any builtin or userdefined View.

The Ul elements are sized automatically to fill thedplice available in the pareabntainer.
Thus all layout and element sizing is accomplished using the Grid element.

Each element can be edited in order to set its usanfigurable properties. These will include:

9 TheProperty , VirtualCollection and InheritenceDirection attached propertes as
described in theCustomviewssection.

9 A static text to display in the Label element (the Label can also display values obtained
using the attached properties)

1 Any of the buiklin viewspecific usecconfigurable properties, such as theyoutMode
and GroupBy properties forSimpleCollectionView

The view editor will load and save view definitions in XAML format.

4.2.6. Ontology editor
The ontology editor allows the usto modify the types and properties defined in the systdnis
composed of two parts:

The type editor allows the user to create, edit and delete types. Apart from setting the title and
description for a type, the set of properties for that type can leérted. When displaying a list of
properties, the editor indicates which properties are defined specifically for the edited type and

LINE
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edited type in the type higarchy: the editor displays a list of ancestors, parents, children and
descendants. The set of parents and children can be modified. Finally, the type editor lets the
user define a set dfimilartypes.

Similarly, the property editor allows the userdceate, edit and delete properties. The user can

set a title and descriptiofor a property, as well as suggested types for objects created as values

2F (GKA& LINBPLISNIE& o0GKS NIy3aS 2F (KS LINRPLISNI&Lud ¢K
locationin the property hierarchy: its ancestors, parents, children and descendants. The editor

also allows for specifying special relationships to other properties: the set of inversénaitert

properties, and whether this property is a symmetric one. Fintly user can browse a list of

types that make use of this property.

There are three major @scases for the ontology editor:

First, the user can define new types and properties for objects as he or she see fits. As the PIM
system is intendefbr personaluse, it is encouraged to define new types and properties when
GKS SEA&aGAY3 2yS&8 R2 y20 Fdz FAff GKS dzaSNRa vy
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Secondly, the user can extend and modify existing tylb@s existing type does not have a

property that is commonly used by the user, ie&sy to define it (the view editor can then be

used to add this property permanently to an existing view). Additionally, the user can create new,
specialized types that inherit some of the properties from existing ones.

Finally, the ontology editor can hesed to relate new ontologies to the ones already defined in

the systemThis is a useful feature when working with data from external sources. If a foreign
2yG2f23e KlFIa (GéLlSa NBLINBaSyldAy3d GKS alysS 02y O0SLi
properties from one ontology can be marked as similar to matching types and properties from

the other. In this way, the PIM system will treat objects and values imported from a new external

source as it treats other objects and values representing the sameepts. For example, if a

user would import data from a database about movies, they could relate the type Achor to

existing type Person. In this way, the system would use the same view for Actor objects as it does

for Person objects.

4.2.7. Internationalizati on
The system provides lightweight support for internationalization. It enables the user to interact
with the application in a chosen language and to use multiple languages when storing data. For
example, when describing a photo that is to be publishedftbers to see (more on this in
Sharing information later on), a user might enter text both in English and in Polish so that
different users can view it in their preferred language.

The underlying database modeRDF allows for literal values to be sted with an associated
language tag. This functionality is handled at application level bgtitiegclass. Most text

strings presented by the user interface already originate from RDF data. These are type names,
property titles and usetata values. In tis way, the language used by the user interface can be
customized.
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The application runs with a global default language. Each view uses this language to select
FLILINBLINRAFGS adNAy3Ia F2NI RAaLX Fed ¢KS @OASsQa 1
context menu. Such a change will affect all descendant views as well.

Unfortunately, not all text strings can be localized. In particular, text used in custom views can
only be entered in a single language.

4.3. Finding and managing information
One of the mostmportant functions of an information management system is to allow the user
to quickly find relevant information that he or she needs. This section describes how this
functionality is realized in the prototype.

4.3.1. Searching for objects
The most typical wafor searching for information is a function that lets the user enter keywords
that will be used as the basis for a ftékt search. Such a function can be found in most
applications; it is suitable for both structured and unstructured information. On thieer hand,
structured information, such as RDF data, can be searched by creating arbitrarily complex queries
in one of the available languages (e.g. SPARQL). Entering a few keywords fexadalirch is
easy, but often produces inaccurate resulteeding structured queries is more time consuming
and requires the knowledge of the query language, but firay exactly what the user is looking
for. Therefore a balanced solution is needed.

The prototype combines these two approaches by giving the upessibility of defining queries
in simple and advanced mode.

In simple mode, the user can:

1 choose whether they are searching for an object, a type or a property;

1 enter a few keywords that will be used as a basis for adutlsearch on all primitive
values and URIs associated with an object;

9 for objects- choose a type that the object must be an instance of;

9 for types/propertiesc choose a type/property as a parent for what is being searched.

C2NJ SEIFYLX ST Ay 2NRSNJ (2 7TdeynightichodsiSadbhiest vy I YSR «
aSIHNDOKZ SyiGSNI aw2kKy 528¢ Ay (KS 1Se62NR& 062E |

In advanced mode, the user can refine the query by specifying a list of constraints that the
objects must satisfyThe following predicates can be usehen defining constraintahen
searching for objects

9 isinstance oT ¢ List all objects that are an instance of type

1 has value/[viaP] ¢ List all objects that have a valie The value can be either a
primitive value (e.g. a string or date), or abject. Optionally, a properti? can be
specified that this value must be assigned to.

91 has value/ [maxdistanceD] ¢ List all objects that have a valiassociated with them
through no more tharD intermediate objects.

9 is referenced by [viaP] ¢ List all objects that objedD has a reference to. Optionally, a
property Pcan be specified through which the searched objects must be referenced.
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When searching for types and properties, the following predicates can be used in addition to the
onesdescribed above:

9 is subtype oK ¢ The type or property must be a subtype/subpropertyXof
1 belongs toT ¢ The property must belong to type

The advanced search Ul feature presents the constraints as a list where items can be added and
removed. A predida is selected from a drop down box, a plain text value can be entered from
keyboard, while a type or property can be chosen using a text box with autocompletion by typing
its title or URI. An object can be selected by dragging it from some other loeattbdropping it

on the constraint value field.

A query constructed in the above manner (either in simple or advanced mode) is executed
through a speciatollection  classg a VirtualCollection . This has the followingdvantages

1 AnycCollectionView can be ued to display the results. They can be presented in a form
of a table, a list, a timeline, and so @epending on the view, different aspects of the
listed objects can be emphasized.

1 Elements can be added and removed from tgualCollection , which resilts in the
objects themselves being modified to match the constraints defined in the query. For
example, when results of a search for all objects of type Person which have a value

GWFYSaé¢ NB RAaLIXF@SR | yR |y Sautofaficallg OlG A a
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was specified) and the Person type.

4.3.2. Related information
Another important way of finding relevant information is to view all information that is rel&ted
a particular objectso that the user can explore and follow links from one object to another (as
explained in Sectio®.3.4). This is accomplished through the Object Details form.

The Object Details form displays all objects that reference the selected object, grouped by their
type. For example, viewing the detaif a person could show all pictures, notesditems, etc.

that are associated with that persomhe user caglick on any of the displayed objects to open it,
2NJ NAIKG OftA01 FyR aStSO0 GKS a{K2g =8 dhHerf ac
Object Details form is displayed in a special side pane of the main application window. The side
pane tracks the history of all the forms that were displayed in it, offdvaxckand forward

capabilities similar to a web browser. In this way, tiser can go back to the details of a previous
object if the link he or she followed is not the desired one.

Moreover, as the list of associated objects is displayed as a staBaapteCollectionView
the user can use the context menu to replace it witly ather view that is needed. For example,
instead of displaying objects grouped by their type, the user can invoke ditimgiew.

Furthermore, the Object Details form can be used for viewing and modifying tags associated with
a particular object.

I R
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Annotating objects

Annotating objects involves creating a new object that references an existing baee is a

special set of Types that can be used for creating annotations. In this prototype, only two types of
annotations are supported: a note (tiidotebookRgetype) and a todo item (th&odotype).

When an annotation is created, the two objects become linked byptireisReferencedBy
property, making it easy to find one object from another using the Object Details form.

Linking objects
Linking objects is useto either express that the two objects are related in some unspecified way
(but meaningful to the user), or to associate one object to another throusgiectedproperty.

Linking objects is accomplished through dradrop. The user can drag an objexirh one view
onto another object or a collection of objects. When an object is dropped on a collection, the
object is added as a member of that collectiblowever, when an object is dropped on another
object, a popup window appears asking for the typasdociation to establish between these
two objects. The following choices are available:

f ! a3ISYSNRO¢ fAYyld ¢KAEA AYyRAOIFIGSE (KFG GKS d
association between the objects. In practice, a special prog@ntyisReferencedBy
used to create this link.

1 A specific property. The user can select a property that is to be used to link these two
objects. The application automatically suggests a property based on the types of objects
GKFG NB 6SAy3 Ay SoRettyi€stiggesBdnhen liskiSgIwol a1y 2 6
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In addition to defining a link, the user can also indicate that two objects are equivalent by
dragging one onto the other. This will ngerthe information contained in these objects into a
single object. Any reference pointing to one of the original objects will now point to the newly
created merged object.

4.3.3. Unstructured information
Not all information stored in the PIM system is available as separate Objects. For example, the
contents of an email message is just a text string, although it might contain fragments that could
reference other Objects. In a similar way a picture is juteam of binary data, but might
depict persons that are represented in the PIM system as separate Objects.

The application therefore provides support for marking fragments of unstructured information so
that they could be treated as separate Objectwaihg them to be used as property values,
linked to existing Objects or just annotated.

The following data model is used for expressing information about fragments:

























































































































































