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ABSTRACT
In a mobile and ubiquitous computing environment, it be-
comes evident that users perceive tasks not as connected to
some speci�c application, but rather to some special con-
text. Consequently, borders between applications providing
distinct features are blurred and programs need to be in-
terwoven. Features belonging to the same task or work�ow
need to be presented together. This presentation depends on
the current application and user context, but also on the ca-
pabilities and constraints of the execution environment. In a
ubiquitous computing environment, devices di�er in display
capabilities, input-output-interactions and user habits. This
paper identi�es the problem of disruptive cross-application
work�ows in ubiquitous computing and proposes dynamic
user interface fusion to support the user in handling such
work�ows. In addition, a framework for dynamic user inter-
face fusion is proposed.

Categories and Subject Descriptors
H.5.2 [User Interfaces]: Graphical user interfaces (GUI);
C.5.3 [Microcomputers]: Portable devices; H.5.2 [User
Interfaces]: User interface management systems (UIMS);
H.5.2 [User Interfaces]: Theory and methods; H.5.2 [User
Interfaces]: Screen design

General Terms
Algorithms, Design, Human Factors

1. INTRODUCTION AND MOTIVATON
Many every-day scenarios of utilizing a desktop or hand-held
computer involve cross-application work�ows that require
the use of a variety of di�erent programs in order to ful-
�l a given task. For instance, answering an e-mail request
for the results of the recently organized conference might
need access to various information sources, use of di�erent
programs to integrate the data and compile a set of concise
charts, access to the address book for locating the addresses
of people who should also be informed and �nally return to
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the e-mail reader for answering the request with the com-
piled information.

The e�ectiveness of such cross-application work�ows strongly
depends on the ability to preserve as much as possible the
relevant information of the working context when switching
programs. On classical desktop computers this is not di�-
cult. Their screen size allows users to arrange the windows
of di�erent applications next to each other or slightly over-
lapping so that all relevant information can still remain in
view and directly accessible (see �gure 1(a)).

On a mobile device, the situation is radically di�erent. Dis-
play resources and user interaction options are typically very
limited. Therefore, current mobile operating systems tend
to display only the user interface of the focus application,
ignoring other applications which might be relevant to the
current work�ow (see �gure 1(b)). We call this behaviour
greedy screen allocation. Greedy screen allocation disrupts
the user's perception of information and actions relevant to
her working context. In order to �nd again the hidden infor-
mation the user is forced to switch to another application,
losing the user interface of her primary application (e.g. the
phone controls) out of sight.

The disruption caused by greedy screen allocation is partic-
ularly annoying when the screen is `wasted' on an applica-
tion displaying interface elements that are not relevant to a
working context. This occurs rather often, since typically,
user interfaces of classical applications provide access to a
variety of features at the same time, of which only some
are really needed for a given work�ow. In Figure 1(c)) we
highlighted the elements that are relevant in the context in
which Henrik receives a phone call from Marlene.

The contributions of our paper are

• identi�cation of the problem of disruptive cross-application
work�ows in ubiquitous computing,

• the proposal of dynamic user interface fusion to sup-
porting seamless cross-application work�ows,

• identi�cation of technical challenges for interface fu-
sion not solved by existing approaches,

• a review of supporting techniques possibly applicable
in this area.



(a) Multiple applications involved in call answering (b) Greedy screen allocation on mobile device

(c) Application-spanning dynamic context (d) Cross-application dynamic UI fusion on a PDA

Figure 1: When an application gets the focus on a desktop computer, other applications are still visible (a).
On a mobile device, just the UI of a single application is displayed at a time (b) hiding related information
from other applications (c). With display segmentation, GUI elements of several features related to the
current work�ow are fused, even if provided by di�erent information sources (d).

2. DYNAMIC USER INTERFACE FUSION
In order to support seamless cross-application work�ows
even on resource-constrained mobile devices, the comput-
ing system should be able to provide a task-oriented user
interface that blurs the borders between di�erent programs.

The idea of dynamic user interface fusion is to automat-
ically compose the user interfaces of the features required
in a particular working context, independent of the feature
provider. A feature provider can be a single program, sev-
eral concurrently running applications on the mobile device,
unanticipated program adaptations [10] or independent ser-
vices distributed in a Pervasive Service Environment [3].

The simplest case of dynamic user interface fusion is display
segmentation: A working context de�nes several features
that are important for the current work�ow, so interfaces
for these features need to be rendered together. Scenarios
that call for display segmentation are:

• Incoming phone call (see Figure 1): On a smart phone,
information about the caller (name, recent contacts,
etc.) could be displayed next to the incoming call no-

ti�cation. Having related information in view can ease
the user's decision whether to accept the call.

• Shared use of embedded displays: Ubiquitous comput-
ing seamlessly integrates into the users device envi-
ronment, which imposes the possibility to share visu-
alization devices for di�erent features: A body sensor
could enhance a smart wristwatch with a health check-
ing feature, which is displayed alongside to the watch's
main function.

An example of more complex interface fusion is UI element
sharing, which means that di�erent features share the screen
area and functionality of a particular interface element. This
could be the case with a location driven information man-
ager: Based on the current user location, personal infor-
mation coming from di�erent programs (such as bookmarks
and notes) are displayed in a common control, e. g. a list-
box. In [10], we examine the use case of visiting a trade
fair. When approaching a speci�c stall, the relevant data
from unconnected sources is displayed together to support
an upcoming business meeting.



3. APPROACHING DYNAMIC USER INTER-
FACE FUSION

Context based dynamic user interface fusion raises several
challenges: identifying available features of concurrently run-
ning applications, extracting their interface elements rele-
vant in a certain context, re-arranging them while balanc-
ing their competing requirements and achieving device con-
strained interface rendering in a �exible and portable and
way.

Feature-identi�cation and extraction requires semantical know-
ledge of application- or service-provided features and their
user interfaces. A dynamic rendering of user interfaces against
diverse and changing display parameters as well requires
knowledge of the display element's meaning. This correla-
tion motivates the use of model-based or semantical interface
descriptions.

Model-based or semantical interface de�nitions prescind from
the concrete interface representation on a given device in fa-
vor of a meta-description of the user interface (see e. g. [5,
12]). In our approach, sketched in Figure 2, it is the task
of the feature providers to describe semantically every avail-
able feature and its user interfaces. These descriptions may
evolve and change over time as the user interacts with the
described features and external context changes can trigger
feature adaptation (and therefore UI adaptation).

The described interface elements are put into mutual re-
lationship with each other by the Context-Aware Interface
Decorator, based on the current execution context. This
context, provided by a separate context provider, comprises
the current user task and external parameters. The context
and the identi�ed semantic relationships between elements
are themselves parameters for a priorization of the interface
elements.

The semantic description of the available interfaces, deco-
rated with relationship and priority information, is the input
for a Semantical Interface Layout Engine. It is the task of
this engine to render the actual device's user interface taking
into account device-speci�c constraints. Devices in mobile
and ubiquitous computing di�er in physical capabilities such
as screen size and resolution, single or multiple output de-
vices, and di�erent interaction-patterns such as multi-touch,
pen-input, etc. This may result in very di�erent layouts for
the same fused user interface. The layout of one particular
interface can even change dynamically triggered by changes
of the display environment when applications migrate from
one device to another or new visualization devices become
available. For instance, a phone application might display
contact information about an incoming call on the user's
wristwatch when the mobile phone's display is covered.

For automatically generated user interfaces, well-established
design and usability guidelines [7] need to be taken into ac-
count. Ubiquitous and mobile computing challenges those
well established rules and guidelines with new requirements
[2]. The speci�c solutions for ubiquitous interaction inter-
faces are still under research.

In the next section we review know approaches that can
contribute to meeting these challenges.

Feature Providers

Context Aware Interface Decorator

Semantical Interface Layout Engine

Input/Output Devices

Semantical Interface 
Descriptions

Context Provider

Figure 2: Semantical descriptions of the user inter-
faces of application's features are mutually related
and prioritized based on the current context before
rendered as actual user interface.

4. RELATED WORK
Di�erent approaches for dynamic user interface adaptation
have been proposed based on models such as roles and tasks
[13, 12], data input- and output �ows and annotations [11],
or visual component composition [18]. These approaches
adopt an application-based view and do not yet take cross-
application interface fusion into account.

Fine-grained adaptability of interfaces is the research aim on
plasticity of user interfaces, as described for example in [17].
Bisignano et al. [4] sketch a framework for adapting user in-
terfaces on devices for ubiquitous computing. The authors
adapt the GUI and the displayed content but also focus only
on single applications and do not take the whole collection
of features provided by di�erent applications on pervasive
devices into account. Another approach for interface adap-
tation, described in [15], uses the AMF interaction model
in order to deduct requirements from Abstract Interaction
Objects.

A number of abstract interface de�nition languages and in-
terpreters have been proposed in the last years. Recent
developments are XIML [14] and UsiXML [9]. XIML is
one of the few abstract interface languages considering a
�dynamic presentation reorganization�. The authors show
that dynamic adaptation of an abstract interface element is
possible by mapping it to di�erent representations. How-
ever, the idea seems to be discontinued and no framework
for complex application interface adaptation was proposed.
In continuation of XIML UsiXML was developped. This
language supports di�erent levels of detail (Task & Con-
cept, Abstract User Interface, Concrete User Interface, Fi-
nal User Interface). The TransformiXML-Tool [16] supports
rule based transformations between the di�erent abstraction
layers. For supporting interface reuse Lepreux [8] provides
a theoretical foundation for merging existing GUI layouts
statically.

The Apple iPhone [1] supports display segmentation at a
very basic level, e. g. ongoing phone calls are visualized while



searching for related documents. Whereas this device marks
a milestone in mobile UI development, its visual and compu-
tational interlocking of independent applications seems not
to be context-driven, yet.

Relationship derivation based on current context such as
time, location, or any other sensor data has been researched
for several years now, paralleled by approaches to re�ect this
in the user interface [6].

5. SUMMARY AND OUTLOOK
In this paper, we addressed the problem of supporting seam-
less cross-application work�ows in ubiquitous computing with
adequate user interfaces. As a solution, we proposed dy-
namic, context-driven fusion of features from independent
applications or service providers. Dynamic interface fusion
integrates independent interface elements into one consis-
tent user interface if the provided features are semantically
related. The fused interface is rendered depending on the
physical device constraints, which might change dynamically
if displays are exchanged or applications migrate to other
devices. As a �rst attempt to support dynamic interface
fusion we presented a layered architecture that separates In-
terface Element Providers (e. g. applications, pervasive ser-
vices), context providers, a Context-Aware Interface Deco-
rator, and an Semantical Interface Layout Engine.

Our next step will be an in-depth research of the options
for implementing each proposed architecture component. In
parallel with solving technical issues, the interaction of users
with fused interfaces has to be evaluated in practical scenar-
ios. Enhancements in usability can lead to a more natural
interaction with the computing device compared to today's
disruptive patterns. This shift represents an important step
towards seamless ubiquitous computing and de�nes there-
fore a central requirement of next generation computing re-
search.
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