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The Eyes Have It:
A Task by Data Type Taxonomy
for Information Visualizations
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Abstract
 A useful starting point for designing advanced graphical user interfaces is the Visual Information-
Seeking Mantra: Overview first, zoom and filter, then details-on-demand. But this is only a starting point
in trying to understand the rich and varied set of information visualizations that have been proposed in
recent years. This paper offers a task by data type taxonomy with seven data types (1-, 2-, 3-dimensional
data, temporal and multi-dimensional data, and tree and network data) and seven tasks (overview, zoom,
filter, details-on-demand, relate, history, and extract).
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Toolkit Design for
Interactive Structured Graphics

Benjamin B. Bederson, Jesse Grosjean, and Jon Meyer

Abstract—In this paper, we analyze toolkit designs for building graphical applications with rich user interfaces, comparing polylithic

and monolithic toolkit-based solutions. Polylithic toolkits encourage extension by composition and follow a design philosophy similar to

3D scene graphs supported by toolkits including Java3D and OpenInventor. Monolithic toolkits, on the other hand, encourage
extension by inheritance, and are more akin to 2D Graphical User Interface toolkits such as Swing or MFC. We describe Jazz (a

polylithic toolkit) and Piccolo (a monolithic toolkit), each of which we built to support interactive 2D structured graphics applications in
general, and Zoomable User Interface applications in particular. We examine the trade offs of each approach in terms of performance,

memory requirements, and programmability. We conclude that a polylithic approach is most suitable for toolkit builders, visual design
software where code is automatically generated, and application builders where there is much customization of the toolkit.

Correspondingly, we find that monolithic approaches appear to be best for application builders where there is not much customization
of the toolkit.

Index Terms—Monolithic toolkits, polylithic toolkits, object-oriented design, composition, inheritance, Zoomable User Interfaces
(ZUIs), animation, structured graphics, Graphical User Interfaces (GUIs), Pad++, Jazz, Piccolo.

!

1 INTRODUCTION

APPLICATION developers rely on User Interface (UI)
toolkits such as Microsoft’s MFC and .NET Windows

Forms, and Sun’s Swing and AWT to create visual user
interfaces. However, while these toolkits are effective for
traditional widget-based applications, they fall short when
the developer needs to build a new kind of user interface
component-one that is not bundled with the toolkit. These
components might be simple widgets, such as a range slider
or more complex objects, including interactive graphs and
charts, sophisticated data displays, timeline editors, zoom-
able user interfaces, or fisheye visualizations.

Developing application-specific components usually
requires significant quantities of custom code to manage a
range of features, many of which are similar from one
component to the next. These include managing which
areas of the window need repainting (called region manage-
ment), repainting those regions efficiently, sending events to
the internal object that is under the mouse pointer,
managing multiple views, and integrating with the under-
lying windowing system.

Writing this code is cumbersome, yet most standard 2D
UI toolkits provide only rudimentary support for creating
custom components—typically, just a set of methods for
drawing 2D shapes and methods for listening to low-level
events.

Some toolkits such as Tcl/Tk [19] include a “structured
canvas” component, which supports basic structured

graphics. These canvases typically contain a collection of
graphical 2D objects, including shapes, text, and images.
These components could in principal be used to create
application-specific components. However, structured can-
vases are designed primarily to display graphical data, not
to support new kinds of interaction components. Thus, for
example, they usually do not allow the application to
extend the set of objects that can be placed within the
canvas. We have found that many developers bypass these
structured canvas components and follow a “roll-your-
own” design philosophy, rewriting large quantities of code
and increasing engineering overhead, particularly in terms
of reliability and programmability. There are also commer-
cial toolkits available such as Flash [6] and Adobe SVG
Viewer [2]. But, these approaches are often difficult to
extend and integrate into an application.

We believe future user interface toolkits must address
these problems by providing higher-level libraries for
supporting custom interface components. However, there
is still an open question regarding which design philosophy
to adopt for these higher-level toolkits. The core issue we
address here is whether toolkits should be designed so that
the inevitable complexity and extension of the components
are supported primarily through composition (which we
call polylithic) or inheritance (which we call monolithic).

In this paper, we consider these two design approaches
for interactive structured graphics toolkits through two
toolkits we built: Jazz,1 a polylithic toolkit; and Piccolo,2 a
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1. The name Jazz is not an acronym, but rather is motivated by the
music-related naming conventions that the Java Swing toolkit started. In
addition, the letter “J” signifies the Java connection, and the letter “Z”
signifies the zooming connection. Jazz is open source software according to
the Mozilla Public License, and is available at: http://www.cs.umd.edu/
hcil/jazz.

2. The name Piccolo is motivated by the music connection of Jazz and
Swing, and because it is so small (approximately one tenth the size of Jazz).
Piccolo is open source software according to the Mozilla Public License, and
is available at: http://www.cs.umd.edu/hcil/piccolo.
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Abstract
iMapping is a technique for visually structuring information 
objects. It supports the full range from informal note taking over 
semi-structured personal information management to formal 
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iMapping builds on a zooming user interface approach to 
facilitate navigation and to help users maintain an overview in 
the knowledge space. While a first implementation is being 
developed, iMapping is still in a conceptual stage. In this paper 
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