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ABSTRACT

This paper extends model based Ul engineering so as to
address polymorphic UI development in the light of distrib-
uted synchronous collaborative ubiquitous environments.
Our current effort concentrates on extensions to a popular
model-based user interface description language, namely:
“UsiXML” and proposes a suitable development methodol-
ogy and a dedicated runtime infrastructure.

Author Keywords
Polymorphic instantiation, Multi-user interfaces, Social
awareness, UIDL, UsiXML, Model-based UI Engineering.

General Terms
Design, Experimentation, Human Factors, Verification.

ACM Classification Keywords

D2.2 [Software Engineering]: Design Tools and Tech-
niques — Modules and interfaces; user interfaces. D2.m
[Software Engineering]: Miscellaneous — Rapid Prototyp-
ing; reusable software. H5.2 [Information interfaces and
presentation]: User Interfaces — Prototyping.

THE PROBLEM

The remarkable progress which we have witnessed over the
last years, in fields relevant to information technology, has
resulted in a wide range of novel computational appliances,
having deeply penetrated a broad range of our daily prac-
tices. Increasingly, users come across of a sharply growing
number of interactive applications enabling them to engage
in various sorts of collaborative and social endeavors in a
wide variety of contexts. In such cases one important aspect
to consider relates to the Ul design to support group work
appropriately. It turns out that such development is quite
challenging since prominent engineering methods and sup-
porting tools fail to account for the requirements imposed
by diverging user- and usage-context parameters (i.e.: plat-
form, environment, user-stereotype). ‘Polymorphic’ instan-
tiation, conceived of as a capability to manage concurrently
alternative instances of the same interaction element at
runtime, constitutes key provision in the direction of coping
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with this diversity (through extensive and intuitive UI adap-
tations). Specifically, it separates the role of the object (i.e.,
why an object is used) from its physical / presentation de-
tails in a designated context. It also hides technical features
of an object’s implementation from its core pattern that is
independent of physical realization, thus common to poten-
tially more than one implementation. In this account, poly-
morphic instantiation functions as ‘idiom’ in user interface
engineering. Nevertheless, prevalent UI toolkits (ja-
va/swing, MAUI, QT, etc.) and languages do not make suf-
ficient inroads towards supporting such polymorphic UI ar-
rangements. Instead, they remain committed to supporting
provisions for cross-platform generalizations (i.e.: address-
ing portability) rather than ‘true’ abstractions. Supporting a
stronger notion of abstraction (with corresponding toolkit-
level provisions) would enable, among other things, richer
specifications of interactive behaviors, enumeration of al-
ternative widget incarnation (i.e.: via encapsulation) and
finer-grained and dynamic assembly of polymorphic Uls.

A particular scenario where polymorphic instantiation re-
veals its power as an engineering pattern is in the case of
synchronous collaborative sessions supporting real-time
distributed team work. Arguably, the state of the art offers a
a rich insight into the desired groupware functionality and
the features to facilitate such functionality (i.e., session
management, object sharing, floor control, etc.). However,
maintaining synchronized versions of potentially incon-
sistent multi-user Ul instances, due to context-related pa-
rameters i.e., platforms or roles, continuous to pose sub-
stantial challenges. Toolkit-level sharing as exploited by
the state of the art in groupware toolkits (i.e.: MAUI [1])
fails to account for the diversity of target devices involved
in emerging ubiquitous environments, since it requires that
the same groupware toolkit is available in every target-
device. Nevertheless, this turns out to be an impractical as-
sumption since dedicated runtime environments required
for operating such toolkits might even not be supported
(i.e.: JRE). Furthermore, even if alternative groupware



toolkits, accommodating constraints imposed by target-
platforms, were used for assembling each target multiuser
interface and that interoperability could be granted in some
way, another major obstacle to overcome would be that of
supporting awareness across engaged participants. Since
different groupware toolkits make use of alternative mech-
anisms to facilitate awareness (i.e.: telepointers, radar-
views, etc.), it would be rather impossible to achieve suc-
cessful collaboration among users since awareness support
would be foredoomed to failure. Finally, it is worth point-
ing out that groupware toolkits inherit the unimorphic style
of programming imposed by their single-user counterparts;
therefore they dismiss support for advanced and intuitive
adaptation (i.e.: polymorphic instantiation in synchronous
sessions). In this paper we focus on addressing these chal-
lenges to support complex interaction in synchronous col-
laborative and ubiquitous scenarios. By this account, our
aim is to layout the foundations of a Ul engineering meth-
ods that combine MBUI methods and toolkit programming
to support polymorphic Ul instantiation patterns.

Who: user24 =1H| |
Il What: performing Task (24)
| Where: In a specific location

Figure 1. Alternative instantiations of ‘abstractButton’.

To this effect, we propose to briefly elaborate on a very
simplistic but demanding scenario. Figure 1 depicts two
versions of a simple Ul comprising one container object
and one button. Each version of the UI is intended to serve
a different user role. The left-hand side depicts the instance
for participants (role A) where the button is manifested us-
ing a conventional rectangular pattern with two states (as
commonly encountered in various toolkits). The right-hand
side represents the moderator’s (role B) view of exactly the
same button rendered in a synchronous collaborative and
distributed setting (i.e.: multiuser). This time the instance of
of button is augmented (at both physical and syntactic lev-
els) so as to possess visual affordances that convey aware-
ness.In the specific example this is supported by using a
dedicated nested radial layout indicating how many partici-
pants (i.e., users with role A) are currently engaged in the
session or have access to this replica. The button’s label
remains the same in both cases just to indicate that we are
working with the same abstraction that is capable of poly-
morphic instantiation.
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In light of the above, the present research is motivated by
some key questions;

e Can the above Uls be designed so as to be generated
from the same specification?

e Can this be supported in a manner that allows design-
ers to designate complex interactive behaviors as
means to facilitate affordances such as awareness?

e  What kind of widget attributes need to be manipulated
(i.e., layout, topology, access policies) at client and
server sides?

Responding to these questions is expected to enlighten our
views on prominent architectural limitations of current UI
engineering methods. Most importantly, however, it is like-
ly to lead to new insights into affordance-based design of
Uls and how they may be associated with MBUI engineer-
ing.

RELATED WORK

One approach to address the problem is to craft Uls by
combining popular UI toolkit-based programming and
model-based UI engineering techniques. Toolkit program-
ming is grounded on the philosophy of building user inter-
faces as hierarchies of reusable widgets by registering event
event handlers. This allows for complex interactive behav-
iors and customized dialogues [1].

On the other hand, MBUI engineering makes use of ab-
stract notations and mark-up languages to facilitate map-
ping of abstract components to platform-specific toolkit li-
braries by delegating the display to a platform-specific ren-
derer [2]. At first site, this seems to provide a better frame
of reference to addressing the problem as it offers greater
flexibility and provisions with regards to potential hetero-
geneities in contexts of use (i.e.: cell phones, web, etc.).
Nevertheless, the key issue in the problem presented earlier
is not portability and the degree to which it is supported for
a set of pre-determined widgets.

Rather, it is a matter of utilizing widgets (either native or
custom) so as to facilitate polymorphic instantiation with
variations at all levels including physical, syntactic and se-
mantics. This is an issue which is only partly and loosely
addressed by model-based approaches which are still lim-
ited to crafting rather simplistic form-based Uls for conven-
tional presentation vocabularies and contexts of use. This
limitation is attributed to lack of provisions a) for enhanc-
ing expressive capacity of interactions by allowing aug-
mentation and/or expansion of UI vocabularies and b) to al-
low alternative instantiations to be encapsulated in the con-
text of supported unimorphic widgets.

Polymorphic instantiation

Polymorphic instantiation is a demanding notion for Uls
which has not been adequately addressed in the recent lit-
erature. It was initially introduced in toolkit based systems
such as the HOMER user interface management suite [3],
and the Platform Integration Module [4]) in unified user in-



terface development. These studies explored the challenge
for 4GLs to realize polymorphic Ul objects. At the time,
the concept did not implicate any kind of design considera-
tions regarding the specification of polymorphic dialogues.
Rather, it was conceived as a property of the language, not
a desirable affordance to be designed.

Model-based UI approaches promised to alleviate this
shortcoming by offering new models and abstractions to
reconsider affordance-based UI design. In practice, this
never turned out to be the case, as most of the available
scholarship concentrates on methodologies, engineering
techniques and tools to describe native interaction compo-
nents and their transformation and mapping from one dia-
lect to another. For instance, COMETS [5] provide support
for multi-level UI adaptations at runtime driven by support
for semantic networks (no WSL, no advanced widgets). It
is worth noticing that none of these systems integrates nov-
el widget specification languages (WSL) or advanced
widgets.

Collaborative aspects

Another key issue in reconsidering affordance-based de-
sign of Uls is collaboration and in particular synchronous
collaboration. Again, here progress has been slow in both
toolkit-based systems and model-based Ul engineering.
Groupware toolkits are around for more than two decades
now. Their focus has been on managing technical proper-
ties of collaboration such as session management, floor
control, object sharing and replication. Awareness was
conceived of at multiple levels (task, activity, social aware-
ness) but it was never fully supported.

Notable exceptions include research prototypes such as the
MAUI toolkit which supports group awareness, is java-
based and facilitates multi-user UI design via a dedicated
IDE provided (JBuilder). Other systems such as BEACH
[6] concentrate on aspects of colocation in ubiquitous col-
laborative systems but offer no support for awareness,

Model-based UI engineering, once again, has brought
about modest but notable improvements. TOUCHE [7]
provides multiuser functionality using adhoc mappings to a
custom underlying groupware toolkit. Support for aware-
ness is fixed during design phase. In the same vein, indica-
tive examples include approaches such as CIAM (Collabo-
rative Interactive Applications Methodology) [8] or AME-
NITIES (A Methodology for aNalysis and desIgn of coop-
eraTlve systEmS) [9].

These efforts primarily concentrate on devising notations
and tools to model cooperative behavior and workflows. In
effect, their primary contribution is that they make explicit
different elements of collaboration (i.e., roles, responsibili-
ties and tasks) using dedicated notations (i.e.: CIAN [10]).
As a result they provide no support for designing the UlI.
No support for session modeling.
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APPROACH

First principles

The present work seeks to improve on the state of the art
by addressing several of the challenges and the limitations
introduced earlier. Specifically, it focuses on issues related
to polymorphic instantiation and collaborative management
of Uls in ubiquitous distributed contexts. The approach
builds on the Model-based Ul engineering paradigm aim-
ing to inject new elements so as to facilitate a more ac-
countable affordance-based UI perspective. To this end,
our current effort is grounded on a very popular UIDL,
namely UsiXML [11] and inherits a single design process
for all supported contexts of use. In turn, this leads to sig-
nificant reductions in (re-) engineering costs and program-
ming complexity while resulting to more reliable and co-
herent Uls. UsiXML makes use of three distinct levels of
abstraction (i.e.: CTT, AUI, CUI) for incrementally speci-
fying a Ul in order to promoting separation of concerns.
Specifically, the CTT model captures a Ul specification in
a computation independent manner while adopting a user
centered perspective. Additionally, the Abstract User Inter-
face (AUI) enables the definition and derivation of both
modality-independent and multimodal interactive object hi-
erarchies by providing support for the CARE properties.
Finally, the CUI-model focuses on a platform-independent
(or better toolkit-independent) UI specification. At all
times, transition between supported models is enabled via
dedicated transformations. A salient feature of UsiMXL is
support for plasticity [12], which is addressed via the ‘con-
text-model’ enabling context - sensitive transformations to
be performed so as to accommodate diverse requirements
posed by different contexts of use.

Extensions

Despite the relative ease in designing for multiple envi-
ronments, UsiXML lacks support for taking advantage of
advanced interactive capabilities offered by target plat-
forms since its support is limited only to a reduced set of
rather simplistic natively supported form-based elements
(i.e.: buttons, labels, etc.). Moreover, as expected, no widg-
et specification language is provided since the widget range
is a priori known and hardcoded within the transformation
logic via direct calls to platform-specific presentation vo-
cabularies. Besides, support for polymorphic assembly of
Uls is completely dismissed, since no dedicated mecha-
nisms or widget specification language exists so as to allow
widgets to encapsulate alternative instantiations. In addi-
tion, no provisions are made either for modeling or runtime
support of distributed multi-user interactions (i.e.: session
modeling, multi-user artifacts, awareness support, etc.).

In order to address these shortcomings, our efforts concen-
trated on a series of modifications in language-level which
resulted in either new models (i.e.: language expansions),
or enhancements of already existing (i.e.: language aug-
mentations).
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Figure 2. Architectural Abstraction.

Table 1 summarizes the injections introduced into the latest Widget specifications (for native and custom widgets)
version of UsiXML models reflecting the state of our cur- In order to fully exploit the management of truly diverse in-
rent research. As shown the focus is on key affordances teraction elements and vocabularies in target platforms
(left column) and how they are implicated through revi- (i.e.: natively and/or non-natively supported widgets) we
sions in or extensions of UsiXML models. In turn, this crafted a formal (i.e.: compliant with a dedicated xml
gives rise to a general purpose architectural abstraction schema) specification mechanism referred to as Widget
which is depicted in Figure 2. Specification Language (WSL). In order for a widget to be

properly integrated and fully deployed by language’s con-
ARCHITE,CTURAL MODEL AND COMPONENTS structs, each must be separately introduced in a compliant
Our architecture makes use of several novel components to the provided WSL schema manner.

that extend model-based Ul engineering and make new

ground in specification-based engineering A WSL is responsible for capturing all required details for

widget’s proper utilization, parameterization and smooth
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operation. Such details include widget’s name, unique id,
description, etc. Moreover, specific constraints can be de-
fined, such as: platform availability, runtime environments
required (i.e.: JRE), or even constraints on specific versions
of external libraries required for widget’s proper instantia-
tion. In addition, widget’s api (i.e.: accessor and mutator
methods, constructors, etc.) is properly codified along with
proper mappings to a widget resource model instance that it
incrementally manifested exclusively at design time for
capturing widget’s detailed configuration (i.e., pre-
instantiation state) in terms of simple or compound proper-
ty-value pairs.

Polymorphism, abstraction and collaboration

Support for polymorphic instantiation is primarily granted
via provisions in the WSL permitting multiple alternative
instantiations to be defined (i.e.: encapsulation) for a spe-
cific widget type (i.e.: ‘abstract widget’). To this end, also
support for abstraction is granted since beyond polymor-
phic properties enumeration, also abstract properties must
be defined, which constitute the common bond across all
alternative instantiations. Moreover, it worth noting that
widget resource model is also responsible (at design time)
for capturing the range of adaptations each polymorphic
widget may be permitted to run. Decision logic upon which
alternative incarnations are utilized is specified in the light
of the context and/or squad models. Each polymorphic in-
stance is expected to define all supported behaviors in
terms of properly codified finite state machines. At this
level only supported states and permitted transitions among
these can be defined and not at any case application-
specific logic which is captured at design time by the ‘Be-
havior’ model. Abstraction (and the abstraction model) is
not only used to facilitate polymorphic instantiation in col-
located settings, but also to provide the mechanism to sup-
port distributed synchronous collaborative interactions in
the context of the ‘abstraction’ model. Specifically, Ab-
straction model’s prime aim is to establish an abstraction
layer between multiuser widgets in the light of thorough or
partial commonalities in regards to their models (in terms
of Model View Controller architecture) while keeping their
corresponding views synchronized.

Abstraction model comprises classes defined using class
diagrams (at design time), in an attempt to facilitate model-
level sharing which is completely relieved (in contrast to
toolkit-level sharing) from physical-level properties, thus
providing higher flexibility with regards to potential varia-
tions between alternative to be synchronized views. The
reason for not selecting to synchronize directly widget cor-
responding models is mainly due to the need for design and
implementation simplicity which is best served by central-
izing concerns (i.e.: shared model).

Specifically, it would be much more complex to implement
in a peer to peer manner intertwined relations between
models each adhering to different widget than defining a
single external model and providing appropriate hooks to
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synchronize every widget with that single model. Moreover
it would be rather infeasible to inject collaboration-aware
code and logic (i.e.: consistency and/or concurrency con-
trol) to collaboration unaware widget-models. Abstract
classes alleviate this issue since collaboration-aware code
is properly injected during their translation to platform spe-
cific code so as to automatically broadcast, receive and ap-
ply changes made by remote users. There are also dedicat-
ed provisions for properly managing consistency or concur-
rency related issues. Support for feed through, i.e.: apply
changes received as an input of another distributed user, is
implemented via dedicated mappings between shared prop-
erties of classes (i.e.: ‘abstraction classes’) defined in the
context of abstraction model and direct calls to instance-
specific API.

Replication and awareness

Moreover, it is worth noting that abstraction classes are
distributed by replication in the context of particular syn-
chronous collaborative sessions modeled via the ‘session
model’. In this context, support for social awareness is na-
tively provided for widgets capable to visualize social scent
using mixed dialogues. Specifically, social awareness is
enabled inside widgets’ specifications at polymorphic-
instance level in order to indicate capacity for that specific
instance to properly visualize social awareness. Neverthe-
less, the final decision for engaging social awareness for
‘socially-aware’ polymorphic instance is determined via a
corresponding to that instance entry inside the Widg-
etResource model instance.

SUPPORTING THE DESIGN PHASE

Having described briefly architectural elements of our ap-
proach, an attempt is made to explain how these concepts
are implicated during the design phase. We have developed
a prototype system that takes advantage of the NetBeans
platform, introducing on top of it a number of custom
modules to support the development of either single user or
distributed collaborative projects. The main differences be-
tween these two project types are in the way they employee
to ‘compile’, distribute and execute the produced UI speci-
fications, as well as in the number of available plugins en-
gaged by default. For instance in case of collaborative ap-
plication, a pre-requisite is the registration of a compatible
server side environment dedicated to managing special
purpose collaborative aspects (i.e.: synchronization, session
management, etc.). Moreover, in distributed collaborative
applications where Ul models need to be accessible by sev-
eral users over the network the pre-requisite is a central-
ized repository for depositing shared resources (i.e.: com-
mon models, widget archives, etc.). Furthermore, addition-
al provisions are required for distributing a reference to all
users may engage in a particular session (i.e.: ‘distributed
shortcuts’). Nevertheless, in all cases the development pro-
cess remains quite common in terms of tool support, since
most of custom plugins devised, remain the same (i.e.: edi-
tors for manipulating: CTT, CUI, Squad, etc.).
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Figure 3. Design Environment for Polymorphic Uls.

A representative instance of our system depicting the de-
sign of the Ul in Figure 1 is presented in Figure 2. At any
time, a design project has a dual view — the graphical edi-
tor’s visual depiction of abstract interaction components
and the source (XML) view of the respective model.

Typically, designers utilize the palette to introduce compo-
nents in a direct manipulation fashion and specify their
properties. Design updates are immediately manifested as
XML model changes. The properties of each widget fall in
three categories, namely widget-specific properties, ab-
stract properties and polymorphic properties. The way in
which these properties are manipulated is dependent on
specifications in the widget archive.

Widget archives

Widget archives provide the means for introducing ad-
vanced customized widgets. They may be non-native inter-
action components, developed by third-parties and shared
to the design community. We have designed several cus-
tom widgets, some of them quite complex, to test the con-
cept of a widget archive and the way in which it is articu-
lated using our system. For purposes of illustration, in our
example we discuss one such component which is referred
to as ‘Round button’. In order for a widget archive such as
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that encapsulating the ‘Round button’ incarnation to be de-
ployed into our tool, it must be firstly installed by a series
of steps depicted in Figure . Due to space limitations and
the focus of the present work, we will not provide further
details on this process.

Visual manipulation of abstract interaction elements
Each uploaded widget appears in the ‘Abstract Control’
section of the palette and can be utilized in a direct manipu-
lation fashion. Thus, it can be attached to a container ob-
ject, resized, relocated and specified. For widget archives
with polymorphic instantiation, the visual depiction of the
abstract component indicates the options available (see
right-hand side round button in 3). Further specification of
the widget can be attained by manipulating properties in
the lower part of the palette leading to a concrete instance.
Figure summarizes the mapping for the right-hand side
button which exploits polymorphic instantiation capability.
We refer to this model as the ‘WidgetResource’ model
which conveys the range of possible polymorphic adapta-
tions. Thus, Figure depicts how such customizations are
defined (i.e.: triplet comprised of WSL instance id and in-
stances of the WR & CUI model) for the specific widget in
Figure 3.
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RUNTIME ENVIRONMENT

In order to support the novel features introduced in the pre-
vious sections, advanced software components have been
crafted both at the client as well as at the server side (see
Figure 2).

Client-side components
At the client side of particular interest is a runtime infra-
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structure developed namely: ‘Platform Server’ (P.S.), de-
noting a multifunctional software component which guar-
antees language’s smooth and consistent operation. Dedi-
cated to a particular platform, the P.S. constitutes a virtual
software layer between UsiXML models and the underly-
ing system with its role being limited to: distributed class
loading (in case of managing non-native interactive ele-
ments), event management (as part of facilitating collocat-
ed and/or distributed synchronization), as well as compila-
tion (see: Domain model, Abstraction Model) and interpre-
tation of UsiXML models at runtime. In addition, another
very important function in the context of collaborative ses-
sions, either synchronous or synchronous, relates to client-
side support for session management. To this end, P.S.
handles both grabbing and distribution of shared actions
via triggering and managing inter-client (i.e.: inter-P.S.)
message exchanges in the context of a particular session.
To support this functionality P.S. interoperates with a cus-
tom dedicated server-side general purpose framework, built
on top of the apache axis2 framework, to support session
management. Moreover P.S. is responsible for handling
replication process via managing (i.e.: generation of repli-
calds, distributed registration, etc.) and maintaining a dedi-
cated client-side replication list with replicalds associated
to corresponding object-references. In case of detected var-
iations (via ‘context-sniffer’ daemon thread) regarding the
context of use, P.S. is responsible for engaging a re-
adaptation process driven-instructed from the server-side
developed framework. Furthermore, another important
function assigned to the P.S. relates to the process of over-
all handling non-native widgets (based on a Widget Speci-
fication Language devised on our side) part of which re-
lates to ‘custom events management’ and ‘widget data
model” handling briefly discussed in previous section.

Server-side components

On the other hand at the server-side there is a generic-
purpose server-side framework (SSF). The role of the SSF
in the context of distributed settings focus on maintaining a
repository of accessible at runtime UsiXML models, for in-
itial or re-adaptation process, correlated to a particular ses-
sion (either synchronous or asynchronous). The SSF also
handles low-level session management (in both modes, i.e.:
synchronous and asynchronous), build on top of apache ax-
is2 framework, by performing several functions such as
creation, registration, etc., while also maintains a list with
all running sessions. Regarding non-natively provided
widgets, in the context of a particular UI description speci-
fication, the SSF contributes by maintaining a shared re-
pository with platform-specific widget libraries, in respect
to widget’s platform availability, facilitating P.S. via dis-
tributed class loading to handling non-natively supported
interactive hierarchies. Finally, it keeps a per-session noti-
fication Queue, accessed by performing polling on the cli-
ent side based on dynamically determined intervals, facili-
tating synchronization of distributed multi-user compo-
nents.
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AN EXAMPLE DESIGN CASE - Ul GENERATION

In the present section we will elaborate on an indicative
scenario in an attempt to provide a more detailed insight in-
to the role of the supported models, the tools comprising the
the overall environment and the development practices.
More specifically, let’s assume that support was required so
so as to facilitate synchronous collaborative interactions in
the light of heterogeneous contexts of use. In such cases a
convenient point for engaging the design process would be
that of CUI. Supposing that the UI design properly address-
ing our scenario is that displayed in Figure 3 then, in the
course of alternative Ul - execution flows, two potential in-
stantiations (i.e.: assemblies) for two random users could be
be these depicted in the Figure 6. Henceforth the view sided
on the left in Figure 6 would be referred as “user’s 1” while
the other as “user’s 2”. Access to these Uls is granted after
a user-request is made, triggered by clicking on a dedicated
‘shortcut’ available in both target platforms (i.e.: userl and
user2), for engaging to the appropriate collaborative session
with which the corresponding Ul specification has been as-
sociated with (at design time). Upon successful engagement
to a collaborative session, P.S. automatically gains access
and downloads all data (i.e.: UI models, dependencies, etc.)
required in order to proceed to assembling the Ul Follow-
ing this, Ul generation begins by interpreting the retrieved
CUI specification. In order for the P.S. to facilitate poly-
morphic instantiation, it requires decision logic (D.L.)
which will allow it to decide which instance is to be deliv-
ered. For the purposes of our example, this decision is to be
made on the grounds of socially-aware criteria (i.e.: com-
munity membership) which are properly codified inside the
three supported models, i.e.: the squad model, the WRM
and the CUI model. Specifically, we defined the middle
‘abstractButton’ to incarnate as a non-native circular button
in case the user belongs to ‘community-1" while on the oth-
er hand, it should be instantiated as a two-state rectangular
button in case the user is a member of ‘community-2’. Fig-
ure 7 depicts how these relations are codified in the sup-
porting models so as to deliver the desired effect.

Runtime instantiation of RoundButtons (i.e.: non-native in-
teractive element), is instructed by widget’s specification
language which facilitates P.S. to fully exploit instance-
specific apis properly codified so as to standardize among
other dynamic linking to external libraries required for its
instantiation (i.e.: dependencies) as well as allow direct
calls to be made so as to alter its state which could be use-
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ful in order to applying instance-specific configurations
available from design phase (i.e.: icons, border color, etc.,
see: bottom right hand side in Figure 3). Each time a poly-
morphic interactive incarnation is instantiated in collabora-
tive settings, P.S. seeks to determine (i.e.: WSL) whether or
or not that instance type provides native support for social
awareness (SA, i.e.: social awareness enabled).

<sguadModel>

</widgetResource>

Figure 7. Rule for Polymorphic Decision Logic.

Native support implies that toolkit-level provisions have
been made in the course of widgets’ development so as to:
a) enable social scent be properly visualized as well as b)
give access for its manipulation by appropriating a dedicat-
ed standardized API (i.e.:, ‘addIndicator()’, ‘removelndica-
tor()’, etc.) ready to be used by the runtime framework. In
the present case, Round Button constitutes the only incarna-
tion that has been properly manifested to provide support
for social awareness. To this end, we had to apply toolkit-
augmentation in many ways so as to create a circular
bounded widget (note that non-rectangular widgets are not
directly supported in java/swing) as well as a special pur-
pose topology-policy to radially layout social indicators. In
addition to physical-level enhancements, for SA to be
properly managed, we had also to semantically augment



Round Button so that it can be appropriated by the runtime
framework. Notably, such technical details are transparent
to designers (see: Figure 3) whose role is limited to ena-
bling or disabling this feature in case it is supported. Figure
8 attempts to clarify the allocation of provisions to handle
SA in the current implementation.

Toolkit-level provisions | |

Design-level provisions
& Toolkit-level developers

& UI designers

Widget Design Environment

registers

API

ey CEl=El=
Libraries =i
Resources &
‘ \
%eRuntime Environment J

Figure 8. Implications in supporting Social Awareness
in the course of the Design & Implementation process.

++socialAPI

Moreover, in case of native support, a final check is also
performed in order to determine whether or not that af-
fordance has been enabled (WRM) for that polymorphic
instance. In case both checks are successful, P.S. engages
SA (via polymorphic method binding to that widget) and
performs a direct call to the Collaboration plugin which
then assigns a social proxy keeping social scents up to date.
<widget id="al t_but

name="abstractButton" type="co ol">

<instances>
<instance id="i 1" name="rectangleButton" [igSocialAware="false"|...

</instance>
<instance id="inst 2" name="ro

</instance>
</instances>
</widget>
<widgetResourcelModel>
<widgetResource id=

/o
|

. B /</1natance>
i |

<instance id="inst_ 1" ...
</widgetResource>

|
i J FRRRE,
<widgetResource id ="abstract_button_2" widgetIds"abstract_butt

|

.</instance>

<instance ig="inst
<instance id="inst 2"[= ¢
</widgetResource> l
<widgetResource id="wdg_rsc_6" cioldf"
v

r¢ness

<instance id="inst 2 bled="tr ].. >...</instance>

</widgetResource>

</widgetResourceModel>

Figure 9. Enabling/Disabling Social Awareness
Support.

Figure 9 shows how SA is disabled for the round button in
the middle of the UI, and respectively enabled for the round
round button, in the right hand side. Finally, widgets’ be-
haviors (i.e.: Finite State Machines, Behavior model) and
abstraction classes are compiled on the fly to machine code.
code. Once behaviors get compiled they are automatically
attached, by a dedicated P.S. module instructed by widget’s
specification language, to the proper instances of the UL In
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the case of our example press state was synchronized (i.e.:
shared property of an Abstraction Class).

CONCLUSIONS AND FUTURE WORK

Currently, we have a fully implemented version of all the
components (models, plug-ins, architectural components,
etc.) introduced earlier and working prototypes of several
Uls that exhibit the required properties. In fact, all exam-
ples presented in the paper are realized using our research
prototype. Ongoing work concentrates on several research
lines. One is aiming to extend the widget archiving method
to handle more complex and customized widgets intuitive-
ly. Another related line integrates the required revisions so
as to further enhance the framework’s capabilities to cope
with more advanced affordances and quality attributes such
as social translucence and UI plasticity in collaborative
ubiquitous settings.
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