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ABSTRACT

Mobile teamwork applications are often deployed in
heterogeneous environments with various devices and
connections. To support a broad variety of platforms for
mobile teamwork in heterogeneous environments, this
paper presents a framework for development of
applications adaptive to the client’s computing platform.
The framework supports both shared data adaptation and
user interface adaptation to user’s preferences and display
characteristics. Both shared data and the user interface are
specified in two XML documents. The user interface XML
document specifies the application interface by a generic
“view” graph (should also specify the valid data types).
Globa view graph is transformed into a device-dependant
view graph for individual client devices.
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INTRODUCTION

The old problem of adapting applications user interfaces to
multiple platforms has become even more important with
the large diversity of mobile connected devices that has
emerged within the last couple of years.

The use of various web browsers (HTML, WAP, etc.) gives
some solution to the problem, but if the needed application
is much more complicated than manageable using HTML
forms, something else needs to be devel oped.

Other problems occur when the applications become
collaborative, especialy when the users are using
heterogeneous devices. Besides developing a system which
can handle sharing of the same data, but presenting it with
different views, also the human factors of heterogeneous
collaboration plays a big role. One way to facilitate the
collaboration in heterogeneous environments is the use of
awareness tools, which helps the user to be aware of what
the peers can see and are doing.

The research presented in this paper addresses the problems
of adapting application user interfaces to multiple
platforms, and at the same time defines an infrastructure to
support development of awareness tools to facilitate

collaboration in heterogeneous environments, by specifying
a language for generic description of applications and a
mapping of this description into a device specific
description. The descriptions are dynamic and can be
updated by the users at run-time.

The paper is organized as follows. We first review related
work. Next we describe the architecture of our adaptive
system and the interactor specification we developed for
defining generic application descriptions. Then we present
details on the mapping between the generic application
description and the device specific application descriptions,
and the data flow through the system. Finally, we discuss
further work and conclude the paper.

RELATED WORK

The system described in this paper is very related to XWeb
[1], which defines a method to define user interfaces using
the XView language. XView specifies a number of
standard user interface widgets called interactors, which
has to be implemented on the different client platforms for
XWeb applications. XWeb mainly deals with string-based
interactors, including string representation of numbers, and
can generate html form-like views of the data. Our work
extends some of the ideas from XWeb focusing on user
interfaces for applications dealing with spatia data, such as
map-based applications. While generation of the view
using XWeb is a one-way transformation of the data using
a static view description, our approach supports change of
the view at run-time, both initiated by the user (or an
agent), or by changes to the generic application description.

The Visage system from Maya Design [4] focuses on
complementary issues. Visage is a powerful (single-user)
visualization system for creating custom visualizations and
direct manipulation of large and diverse datasets. Some of
its unique features include dynamic data navigation through
drill-down and roll-up (aggregation) techniques. While
Visage addresses diverse data visualization, it is not
explicitly intended for collaboration in heterogeneous
computing environments. Recent work on Visage Link
adds multi-user collaboration capabilities, but does not
consider heterogeneous models or data.

Although some components of the framework presented
here are see to exist in other systems, to our best
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Figure 1: User interface data flow (top row) and application data flow (bottom row) result in the application.

knowledge, there is currently no other research team that
focuses on collaboration with heterogeneous platforms and
addresses this broad range of issues.

The Situated Computing Framework (SCF) [7] focuses on
combining the personalization and ubiquity nature of
handheld devices with powerful capabilities of static
devices. The goal is to let the PDA dynamicaly create a
composite device by seamlessly exploiting surrounding
computing resources like PCs, storage devices, TVs, or
telephones. The assumption is that screen size will remain
rather constant (due to requirement to be pocket-sized)
while small devices will move towards higher computing
power, screens towards higher resolution, wireless
networks will provide higher bandwidth, and multimedia
content and services will move towards mobile-centric. The
focus is on architectural consideration (logical-view) and
much less user interface issues. The design goals are:
detection of available location-based composite devices,
ability to organize, arrange, manage, sSynchronize
multimedia content in order to ensure service deliveries to
output clients, rich content interactivity based on small
screen units, redirection of server response to most
appropriate composite device in vicinity of user, permit
server to invoke processes on output device to deliver
services.

The early versions of MECANO [8] system (Stanford) only
used a domain model to automatically generate the final

user interface. In later versions, it provides its own
language (MIMIC) to define models of the type of users,
the tasks and goals of the user, the domain that the user can
affect by means of the interface, the presentation of the
interface, and the dialogue between user and interface.
These models are used by their own run-time system to
generate and control the interface. The MIMIC modeling
language supports a design model that describes dynamic
relationships between entities of the other declarative
models.

The UIML [12] project is in many ways related to our
approach, but is not targeted towards collaborative
applications and do not provide the infrastructure to do
dynamic changes to the user interface as is included in our
approach. UIML are aso intended to be used on very low-
level entities of the user interface e.g. defining frames and
menu items, while our system is intended to be used on
higher level components.

The MOTION [13] web-based architecture for peer-to-peer
collaboration also have some relation to our system, but
besides being only a peer-to-peer system, it also only deals
with user interface adaptation using browser technologies.

ADAPTIVE SYSTEM ARCHITECTURE

The architecture supports two parallel data flows, Figure 1.
The server contains the description of the application
interface and the application data as two separate XML
documents. The interface is expressed using interactors
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Figure 2: Theinteractions between the framework componentsin the process of data adaptation to the context.

(defined below), which form the generic view graph of the
application interface. The generic view graph is mapped
into a device-specific view graph, which is finally mapped
into a Graphical User Interface widget tree. The widgets
can be those supported by the language platform, such as
Java Swing components, or they can be specially developed
for this purpose.

On the other hand, the application data are represented as a
collection of data objects in a repository (data graph). The
data objects are called uforms (short for “universal form™),
which encapsulates the data. The uform essentially consists
of aunique identifier and a keyed list of properties'.

The global repository of uforms is mapped into a device-
specific local repository, which is then mapped into the
view graph and finally into the widget graph. In the last
two steps, the individua uforms are mapped to
corresponding interactors, and the widget implementations
(Java classes) are loaded.

The application adaptation we describe below is the
adaptation of applications to a variety of client computer
platforms. The adaptation is done by mapping between the
generic application view graph and the device-specific
view graph based on static device characteristics. In
addition, our system is designed to also support dynamic
adaptation to user's preferences and to available
communication and processing resources, Figure 2.

Programming new applications is essentially writing new
generic application view documents.

! The concept of UForms is borrowed from [4], which in turn dervies from
e-forms[5].

INTERACTORS

The key entity of the generic application description is the
interactors. Our definition of interactors is similar to the
XWeb [1] definition. An interactor is a specification of a
view object, which can handle specific data types. It does
not specify input methods or layout; this is defined in a
specific implementation. We define three categories of
interactors; atomic, aggregate and indirect.

Atomic Interactors

Atomic interactors define interaction on single data objects,
such as numbers, dates, text, and enumeration of finite
choices. As aready stated, an interactor does not define the
implementation of the user interface widget to handle the
specific data type. The atomic interactor defines only which
data type(s) are valid to be used with the interactor and an
optional label. The atomic interactors we defined support a
subset of the data types defined in the XML Schema([2]:

Text (string)

Numbers (float, double, integer and long)
Times (date and time)

Enumerations (enumer ation)

Our long-term intention is to support all the XML Schema
built-in data types.

Aggregate Interactors

Aggregate interactors glue together multiple atomic
interactors. The Group interactor is the simplest of the
aggregate interactors, as it only specifies that the contained
interactors should be logically presented together. A
special case of the Group interactor is the Application
interactor, which has the same properties as the Group
interactor, plus it also identifies the root of the generic



<Choi ceG oup>
<Choose type="Circle">
<Fi el d type="doubl e” nanme="radi us”/>
</ Choose>
<Choose type="Rectangl e’ >
<Fi el d type="doubl e’ nane="w dth”/>
<Fi el d type="doubl e” nanme="height”/>
</ Choose>
</ Choi ceG oup>

Figure 3 - Example of a ChoiceGroup interactor

application document. Only one Application interactor is
allowed in an application description.

The Tree interactor can show and manipulate an arbitrary
number of data objectsin atree structure.

The ChoiceGroup interactor is a group interactor, which
selects the contained interactors depending on the type of
data object to be handled. To use a ChoiceGroup interactor
the developer defines a number of data objects to handle,
and the appropriate interactors for each data object. An
example of a definition of a ChoiceGroup interactor can be
seen in Figure 3.

A special case of the aggregate interactors is the composite
interactor. A composite interactor can contain other
interactors like the group and list interactors, but is targeted
to manipulate spatial data, such as objects on a map. E.g.
SpatialGroup is a group interactor that can contain an
arbitrary number of interactors for graphic symbols. The
view can be implemented as two- or three-dimensional.
The interactor description defines the data objects the
interactor can handle.

Indirect Interactors

The indirect interactors do not contain the object they are
manipulating themselves, but are manipulating objects in
another interactor, eg., in a Tree or SpatialGroup
interactor. The only indirect interactor we have defined is
the Tool interactor, which is used to define interface tools
for an application. The definition of a Tool interactor
specifies, which data types the tool can manipulate, a
reference to the interactor that contains the data objects,
and what the tool do.

MAPPING INTERACTORS TO WIDGETS

The general description of the application interface (see
example in Figure 4) needs to be mapped into the device
dependent representation. The former one is expressed in
the interactor language defined above and the latter is
expressed in terms of a view graph that refers to device
dependent GUI widgets.

This mapping is not necessarily a one to one mapping. For
example, if the general description defines a 3D scene, this
will be mapped to asingle 3D view on aworkstation, but it
can be mapped to several views on a 2D device (top, side
and front views).

<Application name="Sl owTetris">
<G oup nane="Tool s">
<Tool type="rotate" nanme="Rotate z">
<t ar get
ref="../../../Spatial Goup[ @ane=8&#34; Vi ew&#34,
11>
<data type="pol ygon"/>
<property nanme="angl e" val ue="90"/>
</ Tool >
<Tool type="rotate" nanme="Rotate y">
<t ar get
ref="../../../Spatial Goup[ @ane=8&#34; Vi ew&#34;
1"1>
<data type="pol ygon"/>
<property nanme="angl e" val ue="-90"/>
</ Tool >
<Tool type="fit" name="Fit">
<t ar get
ref="../../../Spatial Goup[ @ane=8&#34; Vi ew&#34,
11>
<dat a type="pol ygon"/>
</ Tool >
</ G oup>
<Spati al G oup nane="Vi ew' di mensi onl="x"
di nensi on2="y" di nensi on3="2z">
<data type="docunent"/>
<data type="overlay"/>
<dat a type="pol ygon"/>
</ Spati al G oup>
</ Appl i cation>

Figure 4 - Generic application description for the
sample application

The rules used for the mapping are device specific, but not
application specific, i.e. the mapping rules are defined so
that for each device the same rules are used for all
application descriptions. The rules are specified as XSL [3]
template rules, but are only applied as a complete XSL
transformation of the generic application description the
first time a new device dependent description is needed. If
the generic application description is changed later the
rules are only applied to the changes, and the necessary
changes are merged into the device dependent description.

The XSL template rules can be made, either by hand in a
standard text editor, or by a rule editor to simplify the
process for the user.

The result is a view tree, defining the structure of the GUI.
This is the model of the application view (user interface).
An example can be seen in Figure 5. In addition the view of
the application is the tree of widgets (Java code).

MAPPING DATA TO VIEWS

A collection of uforms represents a data graph, which
roughly corresponds to an XML document. As described
above, each interactor defines the set of data types it can
handle. Given an XML document, the composite interactor
creates other composite or leaf interactors and associates
them with corresponding uforms. It is important to notice
that we maintain both model and view(s) components for
each uform. Thisis unlike XWeb and for this reason we do




not require one-to-one mapping from a model to aview. In
addition, the data views are not described by interactors as
in XWeb. The user interface interactor directly maps the
datato GUI components, thus bypassing the interactors.

INTERACTIVE UPDATING OF VIEW GRAPHS
The device specific view graph can be updated both by the
client and by changing the generic application view graph .

The client subscribes to be notified on changes to the view
graph, using the same mechanism as the subscription to
changes in the data graph. Also other clients can subscribe
to changes to a specific clients view graph. This can be
used to provide awareness tools, like shared views, radar
view and telepointers.

Also the users can update the generic application view
graph. User can add extra collaboration components to a
running application, for example a chat window. This is
done by first adding the desired component to the device
specific view graph, which is then mapped to the generic
application view graph, and at the end propagated to the
other users.

INTERACTIVE UPDATING OF DATA GRAPHS

Updating of the data graphs contained in the global and
local repositories is done using a set of commands. The
defined commands includes commands for adding,
updating and deleting whole uforms, adding, updating and
deleting properties of uforms, and some commands to
maintain the client/server relationship.

When a user wants to change a data object, an update
command is sent from the client application to the server to
update the global repository. A command sent to update
their local repository will then notify other users
subscribing to changes to the global repository.

IMPLEMENTATION AND EXAMPLE APPLICATIONS
Using the framework presented here we developed two
complex applications: a 2D graphics editor (Pocketscape)
and a 3D virtua world (cWorld).

cWorld

cWorld is an application that allows users to do multi-user,
synchronous, collaborative work in Collaborative Virtua
Environments (CVE's). It is developed using the Java 2
SDK v.1.3.1.0 02 and the Java 3D 1.2.1 APl OpenGL
version. cWorld does not require any special hardware and
can be used only with a keyboard and a mouse, but it can
aso employ more specialized devices, such as the
Magellan Space Mouse. cWorld allows the users to directly
manipulate objects in the CVE, e.g., rotate or move, by
providing a set of manipulation tools.

For the purpose of our user study, we built a constrained
version of cWorld. In this version, cWorld provides three
predetermined views to facilitate the movement in the
collaborative environment. This modification was
introduced to aleviate in part the difficulties in object
alignment encountered in the previous study [9]. We
expect that these changes will reduce the variability

introduced by the user’'s level of ability needed to use the
mouse in a 3D environment.

The user can rotate an object 90 degrees clockwise around
the y-axis, 90 degrees clockwise around the z-axis, and fit it
into the wall. The object’s rotation and placement in the
wall does not depend on the use of the mouse. These
functions are simplified using buttons in the interface that
rotate the blocklets 90 degrees in the y-axis (yaw) and z
axis (roll) and fit them in the wall once they are in the
correct position.

Pocketscape

Pocketscape application was developed using Java 2 SE. Its
GUI isimplemented using the Swing toolkit. It isasimpler
version of the Flatscape editor and has the basic

<Application id="200000" nanme="Sl| owTetris">
<Layout id="200001" class="cWorld. WnLayout">
<Vi ew i d="200002" class=".." title="Tool s">
<Panel id="200003" class="..">
<Conponent id="200004" nane="Rotate z" ..>»
<property name="target" type="[L">
<i tem val ue="200008"/ >
</ property>
<property name="types" type="[String">
<i tem val ue="pol ygon"/ >
</ property>
<property name="axis" type="String"
val ue="z"/>
<property name="angl e" type="Doubl e"
val ue="90"/>
</ Conponent >
<Conponent id="200005" name="Rotate y" .>
<property name="target" type="[L">
<i tem val ue="200008"/ >
</ property>
<property name="types" type="[String">
<i tem val ue="pol ygon"/ >
</ property>
</ Conponent >
<Conponent id="200006" class="..">
<property name="target" type="[L">
<i tem val ue="200008"/ >
</ property>
<property name="types" type="[String">
<i tem val ue="pol ygon"/ >
</ property>
</ Conponent >

</ Panel >

</ Vi ew>

<Vi ew i d="200007" class="." title="View >
<Panel id="200008" class=".." .>»

<property name="typenap"
type="java. util.Hashtabl e">
<i tem nane="docunent"
val ue="cWorl d. gl yphs. Docunent "/ >
<i tem name="overl ay"
val ue="cWrl d. gl yphs. Overl ay"/ >
<i t em nanme="pol ygon"
val ue="cWorl d. gl yphs. Pol ygon"/ >
</ property>
</ Panel >
</ Vi ew>
</ Layout >
</ Appl i cati on>

Figure 5 - View graph description for 3D view of the
sample application
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Figure 6;: A configuration of 3D objects built using
cWorld. Shown istheleft view of the configuration.

functionality of Flatscape. We implemented Pocketscape
since we needed a user interface that could fit on the small
screen of a PocketPC (320" 240 pixels). Pocketscape runs
on a Compaq iPAQ PocketPC 3536 handheld with 32 MB
of memory and running the Savale XE operating system.
Savale XE, unlike Windows CE, offers a full featured Java
Virtual Machine that supports JDK 2.

The user input is via the handheld stylus and the PocketPC
buttons. The user can log in to a collaborative session, load
a 3D scene, log off the collaborative session, or exit the
application. It features customizable tools, eg., select,
create, delete, move, and rotate objects. Both the tool set
and the 3D scene are declared as XML files and loaded at
the application startup.

Similarly to cWorld, Pocketscape is also modified to load a
3D scene and show its 2D front and top views (Figure 7).
These modifications allow the subjects on PDAS to toggle
between atop view and a side view using the stylus. Along
the same lines, the rotation and placement of the objectsis
done by clicking buttons in a tool bar. Rotation of the
objects is done by selecting the rotate tool (once), selecting
the rotation plane (top or front view), and touching the
object with the stylus. For each touch the object rotates 90
degrees clockwise in the rotation plane. When an object is
in the position that allows it to fit with the object on its left
side, fitting is done by selecting the fit tool, selecting a
view (front or top view), and touching the object with
stylus. Thereis no scrolling in the interface.

CONCLUSION AND FUTURE WORK

We have designed and built a system, which alow for
adaptation of the user interface to multiple devices for
collaborative applications. We have extended the idea of
interactors to support arbitrary data set, with a focus on
spatial data, and defined a mapping between a generic
application description and device specific application
descriptions. The data flow of application descriptions is
defined so both changes of the local user interface done by

Top View [

Front View |

Tools | Top | Front
Figure 7. A view of the parts as seen using
Pocketscape, corresponding to the configuration
shown in Figure 2.

the user, and changes of the generic application description
can be handled.

In the future we hope to extend the list of interactors to
include most of the XML Schema built-in data types, and
add adaptation based on task modeling by dynamically
changing the mapping rules.
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