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Abstract

work activities. Thus, friendships might be managed by
Facebook, while professional networks and contact information may be managed by sites such as LinkedIn or Xing.
Clearly, this development in terms of how the Web
is used for personal information management (PIM), also
raises several technical challenges with regard to data management. While the Web is an ideal platform for collaboration and participation, Web applications generally cannot
compete with desktop applications in terms of complexity
and integration into the local working environment. Further, while a few approaches have been proposed to enable
users to work with Web 2.0 applications offline, currently
desktop applications still cope better with this requirement.
Therefore, it is not to be expected that Web 2.0 applications will replace desktop applications entirely, but rather
that the two kinds of applications will be used for different tasks and modes of working. However, they may share
data which means that, ideally, there should be some way of
seamlessly managing data across desktop applications and
Web 2.0 applications.
The distribution of information across desktop applications and Web 2.0 applications introduces further forms of
information fragmentation already considered to be one of
the main issues of PIM with respect to desktop applications.
We believe that new forms of data management architectures are required that can provide an integrated approach to
data management for desktop and Web 2.0 applications with
a clear separation of concerns between the management of
personal data and its publication on the Web to social networks. One of the main technical requirements is to provide
ways in which data can be synchronised between desktop
applications and Web 2.0 applications. However, such an
approach should also incorporate concepts that have proven
useful in Web 2.0 applications. One such feature that can be
witnessed on sites such as Facebook is the ability to extend
these platforms based on plug-ins or modules. In order to
successfully manage data for Web 2.0, we believe that the
data management architecture should reflect this notion of
components.

A new form of personal information fragmentation is
arising due to the rapid growth in Web 2.0 applications and
their use for the management of data typically associated
with desktop applications. We propose a data management
architecture that allows data to be shared between desktop
and Web 2.0 applications. The architecture supports a separation of concerns between the management of personal
data and its publication on the Web to social networks.

1

Introduction

Web 2.0 is the term often used to describe the Web’s evolution from a hypertext publishing system [2] into a platform of participation and collaboration [18]. In Web 2.0,
content is not only delivered to users, but users actively
participate by augmenting and creating content. As a consequence, content is no longer created locally and then
published to the Web, but rather managed entirely online.
In essence, Web 2.0, together with Rich Internet Applications (RIA), are taking over some of the functionality of
traditional desktop applications.
In particular, several Web 2.0 sites have emerged that
allow personal information to be managed collaboratively
over the Web. Personal data can be of different types and
can be categorised into two main groups. First, there is data
which formerly has been managed locally by desktop applications, such as contacts, documents or pictures. Second,
there is a lot of personal data which has only emerged because of the Web, such as bookmarks or any kind of metadata associated with media content. Web 2.0 applications
that manage such personal information include sites such as
Flickr and YouTube for images and videos, Blogs for writing diaries or travel journals, Google Documents for managing and sharing documents or del.icio.us for Web bookmarks. It is important to note that while some of these sites
focus on a user’s private life, others are closely related to
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In this paper, we first motivate the need for a data management architecture that bridges the gap between the desktop and Web 2.0 and then present our approach that is intended for the development of data-centric applications. We
begin in Section 2 with a background discussion of the state
of the art in developing Web 2.0 applications as well as current solutions in the domain of personal information management. Section 3 provides an in-depth analysis of the
challenges and requirements that must be met by any integrated approach to data management for Web 2.0 applications. In Section 4, we then propose an architecture that
addresses the requirements defined in the previous section.
Preliminary results and future work is discussed in Section 5. Finally, concluding remarks are given in Section 6.

2

Although there is a lack of detailed studies on how
Web 2.0 applications are being used to manage personal
data, general surveys such as [14] show that social networking sites such as Facebook are heavily used for managing and sharing personal data such as photos in addition to
keeping in touch with friends. It should be emphasised that
personal data includes work-related data and not just data
related to one’s private life. For example, increasingly researchers are managing personal data related to their work
such as contacts, bookmarks and information about their
publications on the Web.
This shift from desktop data management to Web 2.0
data management raises a set of new issues for personal data
management. For example, it has become popular for users
to publish collections of photos on various Web sites such as
Flickr and Facebook, in order that they can share this data
with friends. But, typically, users also keep local copies
of this data. Sometimes they even publish different or the
same photos to different Web 2.0 sites in order that they can
share it with different communities. As a result, the data
objects may be replicated and users need to manually keep
track of which photos and which versions of these photos
have been published to particular sites. Sometimes users
will make changes to the photos already published in which
case some form of synchronisation between the published
and the desktop data is required.
Other types of personal data may be produced directly
on-line. For example, Blog posts or bookmark collections
may be created using a Web 2.0 application which means
that users lose control over that data and they cannot access
it offline. Also, one of the features of Web 2.0 is that users
author content collaboratively which means that other users
may tag photos, add comments to posted articles etc. And
rather than each user having to manually maintain an entire address book, each user only has to maintain their own
contact details and they are automatically shared by other
users.
As a result, nowadays, personal information is not just
fragmented across desktop applications but also between
desktop applications and one or more Web 2.0 applications.
A user typically maintains several social networking profiles, for example one for friends and family on Facebook
and a Xing or LinkedIn profile for managing business contacts. Research efforts have already been made to allow the
aggregation and integration of social networking information from various Web 2.0 applications [13]. In [11] personal user data scattered over various Web 2.0 applications
is integrated by providing an infrastructure for integrating
web data services as well as a set of web-based tools that
support a unified view and file system-like organization of
a user’s data. However, both approaches only consider data
on the Web ignoring the fact that personal data is often
stored locally and duplicated on various sites.

Background

In this section, we first review the data management features of Web 2.0 applications and then go on to describe approaches that have been adopted in the PIM research community to address the problems of information fragmentation on the desktop.
As outlined in [18], Web 2.0 is a term used to refer to
a category of Web-based applications that have become extremely popular in recent years by defining a set of features
that they have in common. These features can be summarised in terms of two main trends. On the one hand,
Web 2.0 applications are characterised by rich and responsive user interfaces, and, on the other hand, the user becomes a participant who not only consumes content, but actively takes part in content creation.
There has been a lot of attention given to the design of application development frameworks for the implementation of Rich Internet Applications in both industry
e.g. [23, 22, 17] and academic environments e.g. [3, 21].
However, to date, little attention has been paid to data management issues in terms of both detailed studies on the use
of Web 2.0 applications for PIM and also tools and infrastructure for managing and sharing user-generated content.
An additional feature of many Web 2.0 platforms and applications such as Facebook1 and Flickr is the provision of
an application development interface (API) which allows an
application developer to access and retrieve platform data as
well as to build applications for that platform. The Google
Open Social API2 is an effort to standardise interfaces to
social networking applications by defining a platform independent interface which can be implemented by any social
networking application. It can be assumed that in the near
future more and more web platforms will export their data
and functionality via such an API.
1 http://developers.facebook.com/documentation.php
2 http://code.google.com/apis/opensocial/
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The problem of information fragmentation has already
received a lot of attention in the PIM research community
where they address the problem of fragmentation caused by
the fact that different desktop applications manage personal
data as well as issues arising due to the hierarchical folder
structure, as for example described in [16, 1].
Within the PIM community, two approaches can be identified for solving the problem of personal data being managed by different desktop applications. One approach is
to use dedicated search engines for personal data to allow
users to find data regardless of the application used to manage it. For example, “Stuff I’ve seen” [7] as well as commercial desktop search engines such as Windows Desktop
Search, Google Desktop Search and Apple Spotlight all
help to overcome the problems of data fragmentation. To
do so, these approaches create indexes and offer full-text
search over all user data or provide support for query refinement to improve search over personal data. An alternative
approach is to introduce additional data structures that help
to associate and integrate data of different types and from
different sources. Some of these data integration systems
use predefined PIM domain models [12, 6, 15, 20] while
others work according to a “no-schema” or “schema-later”
approach [19, 10]. Regardless of the approach, all solutions
integrate all of a user’s data and provide support for associating data of various types and from various sources, mostly
following the vision of trails proposed in [4].
PIM research has not addressed the issue of fragmentation between the desktop and the Web. While most of the
systems support the inclusion of Web data sources [6, 15,
12], the problem of data fragmentation caused by the use of
online platforms to create and manage data is not addressed
directly. Even though newer PIM approaches are drifting
away from a fixed PIM schema definition to “no-schema”
or “schema-later” approaches as proposed in [9], support
for on-the-fly data integration as supported by [19, 5] is not
what is required to deal with the problem of data fragmentation outlined above. Further, approaches for solving the
problem of traditional data fragmentation on the desktop do
not deal with data duplicates, which are very common in a
setting where data is managed both locally and on the Web.
Last but not least we note that systems where personal
data is exclusively stored on the Web are emerging. Commercial systems that are freely available to users such as
the Google Documents suite and Windows Live offer a set
of applications for the on-line creation and management of
personal information. The main drawback of these systems
is the fact that they make a user highly dependent on the service provider and they lose all the control over their private
data.
In the rest of the paper, we propose a general data management architecture intended to address the problem of
data fragmentation and support the desire for users to be

able to keep local copies of their data and publish it in flexible ways on different Web 2.0 sites.

3

Data Management Challenges

As already mentioned, a set of data management challenges are raised by the increased use of Web 2.0 applications as data management solutions. The fragmentation of
a user’s personal data is caused by three main factors.
First, data that is created using a desktop application is
often published to one or more Web 2.0 applications. As
a result, it is common for data to be replicated across two or
more Web 2.0 sites.
Second, users have to register on each site and user profile data is replicated across sites. To address this particular
fragmentation problem, schemes have been proposed where
user profile data can be managed in a distributed fashion and
used for various applications [8]. However, to date, no one
has addressed the more general problem of various forms of
personal data being replicated across Web 2.0 applications.
Third, personal data can be generated purely on the Web,
leaving the user without any control over that data and fully
dependent on the web service provider. As a result, sometimes users will explicitly create local copies of that data to
ensure that they can have offline access and a local archive.
In the setting of Web 2.0 data management, means for
preventing or handling data fragmentation, as well as for
dealing with replication, are very important. Further, users
should be able to seamlessly manage data across desktop
and Web 2.0 applications. This means that users should be
able to manage all of their data in the same way regardless of if and how it is published on the Web. To achieve
that there needs to be a clear separation of concerns between data management and data sharing. Finally, users
need to be provided with an infrastructure and tools that can
allow them to specify easily which data should be published
where and the forms of data synchronisation that should exist between desktop applications and Web 2.0 applications.
This leads to the following list of data management requirements and challenges.
• The data management architecture needs to provide
a uniform view of all of a user’s personal data regardless of whether it is managed by a desktop application
or a Web 2.0 application.
• A user needs to be supported in solving the data fragmentation issue in a controlled and transparent way by
providing means to define where data should be published, how the data should be mapped and where the
original data resides.
• The data management architecture has to address the
issue of having duplicates and provide means for ver-
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sion control and synchronisation between the different
copies of the same object.

Web 2.0
Data Source

• The data management architecture should be general
enough to be applicable to any application domain, letting the application developer choose the appropriate
domain model.

Bidirectional
Synchronisation
Data Mappings
Personal
Data Space

When designing a Web 2.0 data management architecture, we believe that these requirements and challenges have
to be considered in order to provide the user with a satisfactory data management solution.

Database Components

Figure 1. Architecture.

Proposed Architecture

intuitive style of interface. The standard user interface provides a core set of applications to manage basic information
such as contacts, messages, photo albums etc. However, the
interface is extensible and customisable in the sense that it
is very simple for users to install other applications of interest and even to write their own applications. This plugand-play style typical of many Web 2.0 applications makes
it easy for users to customise their user interface in terms
of the types of information stored and published, their own
visibility, the level of information sharing and also the layout. A user might replace the standard picture management
application with an application that better matches their requirements. We believe that taking this plug-and-play user
interface paradigm which has proven to be successful in
many Web 2.0 platforms and applying these concepts to
personal data management in particular, but also to Web 2.0
data management in general, offers new possibilities and
a great flexibility for users.

The architecture that we propose for integrating desktop
and Web 2.0 data management is depicted in Figure 1. The
data management architecture consists of three main components. First, there is a personal data space component,
where all of a user’s data resides. Second, there is an extensible set of Web data sources which represent the Web 2.0
platforms and applications to which the user can publish
and synchronise personal data. Third, there is the publishing and synchronisation component, where data publishing
and synchronisation strategies can be configured. We will
now describe each of these three components in more detail.

4.1

Web 2.0
Data Source

Synchronisation
End-Points

• Since the data life cycle of any type of data tends to be
rather long, schema evolution should be supported.

4

Web 2.0
Data Source

Personal Data Space

The personal data space is the heart of the system, where
all user data is stored and which is mainly used by the user
to access and manipulate their data. Generally, this would
be local to the user to enable them to have full control over
all of their personal data and avoid any dependency on specific Web 2.0 applications. Instead of Web 2.0 applications
having the sole responsibility for managing personal data, it
rather becomes a question of the user controlling what personal data is published to which Web 2.0 applications. In
this way, the personal data space has prime responsibility
for the management of data while the Web 2.0 applications
are responsible for how that data is shared.
A user’s data will be heterogeneous and may be created
and managed by a set of different desktop applications. We
propose an integrated database architecture that allows this
data to be viewed and managed through a single interface.

Database Interface and Components. The pluggable interface architecture is reflected on the data management level
by so-called database components. A database component
manages data of a specific domain and can be reused and
extended by other components and applications. So a user
might have a person component where contact information
is managed as well as a photo component where photos are
stored. The photo application however can make use of both
the contacts and the photos components and offer the functionality of tagging people on photos.
Application developers are free to create new components that suit their application model. Note that no predefined data model is imposed, since we believe that users
and application developers should be free to design their
own models to suit the desired application domain. However, the component architecture supports the combination
and extension of existing components when building new
applications, which has several advantages. Data common
to several applications can be reused and schema evolution

User Interface. We strive for a web-based, pluggable interface architecture of the personal data space component
similar to that offered by many Web 2.0 applications. Sites
such as Facebook provide an integrated portal-like solution
to the management of all sorts of data through a very simple,
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is supported in that, for every application, a developer is
free to create new components, combine existing components and add additional schema information. Additionally, data of different types, either residing in the same or
in different components, can easily be associated. We use
an object-oriented database management systems and application developers can implement their applications using
a well-defined database API that comprises all functionality
common to such systems.

4.2

Second, the synchronisation mode and frequency have
to be defined. A user can decide whether data should be
synchronised unidirectionally or bidirectionally. While unidirectional synchronisation consists of only publishing content to a Web 2.0 data source, bidirectional synchronisation
allows changes made to data through Web 2.0 applications
to be synchronised with the personal data space.
Third, in the case of bidirectional synchronisation, there
needs to be a mechanism for handling conflicts. If both
desktop data and Web 2.0 data are to be synchronised, conflict may arise if both data sources have changed. A user
can either decide on automatic conflict handling, defining
either the local or online data source as the master copy, or,
decide to resolve conflicts manually when they arise.
The proposed architecture supports transparent handling
of data duplicates and the configuration of data publishing and synchronisation strategies while managing all of
a user’s data locally, with a unified view and full control
over the data. Additionally, the component-based database
architecture allows for data and schema reusability, where
components can be combined and linked together with an
additional layer on top of the components to support crosscomponent associative linking and browsing.

Web 2.0 Data Sources

The term Web 2.0 data source stands for all kinds of
online platforms and applications that manage user data
such as Facebook, Flickr etc. and that offer an API to access and synchronise data. In our architecture, these data
sources are represented by so-called synchronisation endpoints. A synchronisation end-point is the conceptual representation of the Web data source that defines its characteristics. This includes the information about the Web data
source’s data model as well as the connection configuration
that is used to access the data source. Note that, for every
Web data source, a synchronisation end-point needs to be
implemented, which uses the Web data source’s API to access and synchronise data. In order to synchronise user data
with a specific Web data source, a user needs to configure
a profile which contains all the information needed to connect to and access the data of the Web data source such as
the login information.

4.3

5

Discussion

The architecture presented in the previous section addresses the set of requirements presented in Section 3. First
of all, the problem of data fragmentation is addressed by
managing all of a user’s data locally in a personal data space
and providing the user with a unified view over all of their
data. Second, the user is free to decide where data should
be published, how data should be synchronised, either unidirectionally or bidirectionally, and according to what synchronisation strategy. By supporting the configuration of
the publishing and synchronisation process, a user is able to
let data duplicates be controlled as well as allowing consistency be handled automatically in a transparent and welldefined way. Furthermore, it is up to the user to define
the data mapping between the data model of their personal
data space and the data model provided by the Web 2.0 data
source. Doing so, a user can specify on a very fine-grained
level which data items should be published and therefore
which are publicly available and which not.
Note that bidirectional synchronisation opens up new aspects of personal data maintenance similar to the approach
taken by the FOAF project [8], where personal profile data
is managed and maintained in a highly distributed way.
Given that users of online networking platforms keep their
profile data up-to-date, bidirectional synchronisation can
take advantage of this fact and update all contacts of a user’s
local address book with the most up-to-date data from the
corresponding contacts on the social networking platforms

Publishing and Synchronisation

Data stored and managed in the personal data space can
be published to and synchronised with one or more Web
data sources. A user can easily configure to which Web
data sources they would like to publish their data. The configuration process includes three steps.
First, a user needs to define the data mapping from the
local domain model of the data to be published to the data
model of the Web 2.0 data source. Note that data mapping is supported on the attribute level, which allows for
a very fine-grained control. A user might decide to synchronise local contacts information with contacts information on Xing and Facebook. For each of these Web 2.0
data sources, a data mapping has to be defined. While
Xing is more suitable for managing professional contacts
data, Facebook tends to be used for more personal information. A user can, for example, specify that the attribute
work place from the local contact type should be
mapped to the attribute current employer from the
Xing contact type, while the local attribute birthday
should be mapped to the Facebook attribute birthdate
from the Facebook friends type.

17

ICWE 2008 Workshops, 7th Int. Workshop on Web-Oriented Software Technologies – IWWOST 2008

that they use. Thus, using bidirectional synchronisation for
social networking data enables a user to let the information
about all their contacts to be updated automatically without
needing to manage and maintain that information.
The proposed architecture is general enough to deal with
any kind of application domain, leaving the users and application developers free to decide what kind of data and
application should be developed and used.
While data integration approaches mostly operate “on
top” of a set of data sources to be integrated, we believe
that a bottom-up approach for data creation and publishing
is much more intuitive from a user’s perspective. In [13],
an approach for social networking data aggregation is presented which aggregates social application data “on top” of
social networking applications. While this can be a suitable solution for analysing social networks in general, we
believe that it is much more natural for personal data management to provide the users with a central point of data
management and with means to configure publishing and
synchronisation.
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Conclusion

We have presented the issues of data management that
arise in modern settings where personal data is managed
by both desktop and Web 2.0 applications. We propose
a separation of concerns between data management and data
sharing, with Web 2.0 applications having responsibility for
the latter while personal data is managed locally and published to Web 2.0 applications under the control of the user.
We have presented a data management architecture based
on this approach highlighting ways in which data could be
synchronised between local data and Web 2.0 applications.
Further, for the management of personal data we propose
an approach based on the notion of database components
influenced by the plug-and-play approach offered by many
Web 2.0 applications. As a work in progress, we are currently building a system based on the architecture presented
in this paper. This system will serve as a basis to implement
an application to manage personal contact information both
locally on the desktop and through Web 2.0 applications.
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