A Flexible Architecture for User-Adaptable Visualization
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Abstract

When information visualization is being used to support
multiple users, two characteristics are important. First, mul-
tiple users with different backgrounds have individual in-
formation needs and thus require multiple views on the in-
formation. Second, to allow users to experiment with the
information and the visualization, the visualization must
be adaptable. This paper presents a conceptual framework
which decouples the generation and presentation of informa-
tion by means of an intermediate derived model, allowing
users to adapt the visualization to their information needs.
Additionally, we will discuss a Web-based software architec-
ture which deploys CORBA to allow for dynamic and inter-
active visualizations.
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1 Multi-user visualization: requirements

Visualization, the process of transforming data and informa-
tion into visual representations, can be deployed for many
different purposes. For example, scientific visualization is
used to give experts an extra instrument to analyze the enor-
mous amount of information available. Information visu-
alization on the other hand is often used to make complex
data and information accessible to non-experts. Addition-
ally, when visualization is combined with simulation, the
user may experiment with alternatives to the original situa-
tion and evaluate some what-if situations with minimal costs.

In this paper, we will look at visualizations to support de-
cision making. For example, a business process re-design
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or re-engineering (BPR) project is a collective decision mak-
ing process which can fruitfully be supported by informa-
tion technology[1]. A BPR project is typically performed by
a team of persons with different backgrounds. A team can
consist of external BPR-specialists, management of the com-
pany and employees who actually do the job. Every individ-
ual of the BPR team has his or her own information needs to
evaluate the design alternatives. Furthermore, when multi-
ple users have different information requirements, they need
a different view (i.e. visualization) of the data. A flexible
visualization system must support this by allowing multiple
views on the information. For example, the manager will be
interested in a more overall view of the process with a fo-
cus on the productivity and the quality of service to clients,
whereas the representative of the workers will focus on keep-
ing the workload of the employees within limits.

By subjecting different BPR design alternatives to simula-
tion studies of which the results can be displayed using visu-
alization, the participants can increase their insight into the
business processes. Additionally, experimenting with alter-
native situations helps participants understanding the conse-
quences of changes to the business process. Instead of a num-
ber of fixed experiments, a user must be able to play with the
possible alternatives herself. By making the coupling of gen-
eration and visualization of information loosely, we allow for
multiple adaptable views on the information.

To stimulate the participants in experimenting with the
visualization, and consequently improve the output of the
project, it is necessary to have the information including sim-
ulation and visualization available at the desktop of the in-
dividuals. Furthermore, there is nowadays the preference to
integrate the visualization architecture with the World Wide
Web. The Web is an excellent medium to provide the context
of the visualization consisting of information such as text,
pictures, sound and video. By combining the Web and net-
worked visualization we have a general vehicle to support
people in making hard decisions.

Concluding, we have three requirements to support multi-
ple users in visualizing information: 1) multiple views or per-
spectives to support users with different information needs,
2) adaptive visualization to allow for experimentation and 3)
a networked or Web-based architecture to support visualiza-
tion at the user’s desktop.
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Figure 1: Conceptual architecture

2 The process of visualization: aconcep-
tual architecture

We regard the process of visualization as a transition of data
through a sequence of models, starting with the generation
of data and ending with the presentation of a visualization.
Figure 1 contains three models going from the raw data on
the left to a visual representation on the right. The leftmost
box is the primary model containing explicitly or implicitly
all information that is available. For example, when visualiz-
ing simulations, the primary model is the model used by the
simulation program. The derived model, represented by the
middle box, contains information derived from the primary
data. In the transition from the primary to the derived model,
information is adapted to the information need of an individ-
ual or a group with the same interests. In the case of business
process simulations, the manager and the employee can use
the same primary model (i.e. simulation) although their de-
rived model might be quite distinct. Finally, the third box
contains the presentation model which is used to display the
visualization. With 3D visualizations the presentation model
is the 3D scene graph. By separating the derived and presen-
tation model, users can share the derived model while their
presentation is different. The information content of the visu-
alization is potentially the same although the style can differ
depending on the user’s preferences.

The mapping from the primary to the derived model gives
us the flexibility to adapt the data space to our information
needs. This is useful because we are only interested in infor-
mation with some value for our current interest; data only
becomes information when it is of use to answer the ques-
tions we have. As a consequence, data in the derived model
differs from data in the primary model in two ways. First,
only data that is useful for the current perspective is selected
for the derived model and, second, information derived from
primary data is added to the derived model. Consider, for ex-
ample, the perspectives of the employee and the manager in
the BPR project. The employee, interested in his own part of
the business process, only needs a small fraction of the avail-
able data. The business manager, on the other hand, who is
interested in the overall view, wants to visualize statistical in-
formation. By allowing the manager to add formulas to the
derived model, this statistical information can be calculated.

The mapping from the derived to the presentation model
allows us to specify how to present the information avail-
able in the derived model. In [2] we have demonstrated that
style sheets are a powerful means to specify the presenta-
tion of hypermedia and multimedia documents. In line with
this approach, we believe that a combination of 1) high-level
mappings to application specific visualization primitives and
2) style sheets to fine-tune the visualization are powerful
enough for most visualization applications. For example,
when visualizing time, we specify in the presentational map-
ping to use a clock visualization primitive to present the in-
formation concept time. Whether this clock is analog, digi-

tal or even a sand-glass depends on the user’s preferences as
specified in the style sheet.

3 Diva software architecture

The distributed visualization architecture Diva reflects the pro-
cess of visualization, outlined in the previous section. Diva
consists of generic software components that embody the pri-
mary, derived and presentation model. These components,
written in C++ and Java, can easily be reused to create new
visualization applications.

The first component of the architecture, the generator repre-
sents the primary model and hence generates all data needed
for the visualization. In the BPR example, the business pro-
cess simulation is a generator because it runs the simulation
model and generates the source data for the derived model.
To allow for an interactive visualization during the simula-
tion run, the generator component must offer an interface to
control the generation. This interface allows, for example, to
start or stop the simulation or to change some parameters in
the simulation model.

The component embodying the derived model must al-
low for an expressive and adaptive storage of information.
As explained in Section 2, the user must be able to adapt
the derived model in such a way that it suits their informa-
tion needs. In our approach we have defined the shared con-
cept space which is an information space based on hierarchi-
cal conceptual data. The hierarchical nature of the derived
model enables the clustering of information in concepts and
subconcepts which allows a better separation of useful and
superfluous information. The data coming from the gener-
ator is stored in the data properties of the concepts. Addi-
tional (derived) information is added by the computed prop-
erties which derive new information using a formula and the
data available in the shared concept space. At the moment,
derived models have to be programmed before they can be
employed in a visualization session. However, we have to re-
search the possibilities of dynamically adapting the structure
of a shared concept space by user-feedback during a simula-
tion run.

The presentation component, capturing the presentation
model, contains a library of visualization primitives (gadgets).
To specify the outcome of the visualization, concepts in the
shared concept space are mapped to these visualization prim-
itives by the user. Additional layout and style preferences
can be specified using style sheets. For example, when a par-
ticipant in a BPR project wants to visualize the time clients
have to wait before being served, the user can map the con-
cept containing the information about the waiting queue to a
histogram. Additionally, the participant might map the same
concept to a different gadget to visualize the length of the
queue at a specific time by displaying a row of waiting peo-
ple. To allow users to change perspective (e.g. from man-
ager to employee perspective), the user can switch to another
shared concept space, mapping and style sheet dynamically.



To illustrate the software architecture, let us take a closer
look at our BPR example again. Imagine that the project is
being done by one manager and two employees who have to
evaluate the option that some employees are being replaced
by computers. All three persons want to share the generator
(i.e. simulation) because they are evaluating the same BPR
design alternative. However, the derived model of the man-
ager and the model of the employees are distinct: the man-
ager focuses on the financial pros and cons of the new sit-
uation while the employees want to make sure they are not
replaced by the computer. The employees who both use the
same shared concept space (i.e. derived model) visualize the
processes differently according to their personal preferences.

Most Web-based visualizations (see for a number of ex-
amples [5]) employ the Virtual Reality Modeling Language
(VRML) to display the information. To support interac-
tivity, they employ a combination of hyperlinks, HTTP
and cgi-scripts. However, these tools are not powerful
enough to support dynamic-updates, user-interaction and
user-feedback adequately. Quoting, we state that ”... the
CGI/HTTP protocol is clumsy, stateless and extremely slow”
[4]. This is the main reason we have decided to use the
Common Object Request Broker Architecture (CORBA) [4, 7]
as the communication architecture. A CORBA-based sys-
tem consists of distributed objects collected in components,
which can be used like local objects, thus allowing powerful
communication. The interfaces of the software components
are defined using the interface definition language IDL and ab-
stract from hardware, operating system and programming
language.

To experiment with both the conceptual and the software
architecture we have created a CORBA-based prototype. The
implementation consists of a business process simulation and
a shared concept space, both written in C++, and a pre-
sentation component. The prototype allows for simultane-
ous visualization and simulation of business processes. The
user can start or stop the simulator by using a remote con-
trol applet. Additionally, he or she is allowed to dynam-
ically change the presentational mapping and style sheet
used. Currently, we have two distinct implementations of the
presentation component, one Web-browser plug-in based on
C++ and the visualization toolkit VTK [6]. The other one is
based on VRML 2.0 [3] and Java. Because of the promising
features of VRML and Java, such as Web-integration, plat-
form independence and the possibility to create interactive,
animated 3D scenes through the external authoring interface
we will focus on the VRML visualization in the future.

4 Conclusions

This paper presented a framework to support multiple users
in visualizing dynamic data. The framework decouples the
generation and presentation of information by means of an
intermediate derived model, allowing users to adapt the vi-
sualization to their information needs. The distributed vi-
sualization architecture, which reflects the conceptual frame-
work, consists of CORBA-based components and is the basis
for a flexible and interactive visualization application. At the
moment, the user can control and change the visualization
to a limited extend. However, in the future we will work
on user-feedback to allow for more experimentation during a
visualization session. As a conclusion, we think that this is a
promising step towards a flexible architecture for Web-based
information visualization.
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