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general approach for implementing two-dimensional (2D) FEile Edit Wiew Insert Help
graphical applications, and in particular Zoomable User

Interfaces (ZUIs). Scene graphs are typically found in R ‘?, b - A
three-dimensional (3D) graphics packages such as Sun's
Java3D and SGlI's Openlnventor. They have not been
widely adopted by 2D graphical user interface toolkits.

To explore the effectiveness of scene graph techniques, we bl’bb
have developed Jazz, a general-purpose 2D scene grapl

toolkit. Jazz is implemented in Java using Java2D, and run

on all platforms that support Java 2. This paper describes =
Jazz and the lessons we learned using Jazz for ZUkésdt

discusses how 2D scene graphs can be applied to othel

application areas.
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INTRODUCTION ™
Today's Graphical User Interface (GUI) toolkits contain rY
wide range of built-in user interface objects (also knaen
widgets, controls or components). These GUI toolkits are
excellent for building hierarchical organizations ofrsfard
widgets such as buttons, scrollbars, and text areas. Figure 1. Screen snapshot of the HiNote
However, they fall short when the developer needs to application program, written using Jazz.

create application-specific widgets. Developers typically
write these application-specific widgets by subclassing an
existing widget and overriding methods to define new
functionality. However, GUIs have become more
sophisticated, and the level of functionality needed to
implement a new GUI widget has increased. Beyond
writing the code to draw the widget, the developer must
also write code to handle events, drag and drop, selecti ]
layout, keyboard navigation, keyboard focus highlighting, To address code reuse, toolkit developers usually place
tool tips, context sensitive help, popup menus, accedyibili generally useful code in a top-level class that is inleerit
internationalization, animated scrolling, and so on. by all of the widgets in the toolkit. There are several

Implementing a fully functional application-specific widget drawbacks to this approach. Firstly, it leads to a very
is a daunting task. complex hard-to-learn top-level class. (In Microsoft MFC,

the top-level CWnd class has over 300 methods. The Java
Component class has over 160 methods. Even Java Swing,
a relatively new toolkit with a modern design, has a top
level JComponent class with over 280 methods). Secondly,
application developers are forced to accept the functiggnal

We believe that a significant problem with existing 2Ber
interface toolkits is that they follow a “monolithicdesign
philosophy. That is, they use a relatively small numbeer o
classes to provide a large amount of functionality. As a
result, the classes tend to be complex and have large
numbers of methods, and the functionality provided by
each class is hard to reuse in new widgets.



provided by the toolkit's top-level class — they cannot add discuss the architecture of Jazz. We show how Jazz
their own reusable mechanisms to enhance the supports adding functionality by composition, and describe
toolkit. Many application developers create their own some applications we have built using Jazz. We conclude
custom toolkit so that they can have complete contr@rov by describing some of our experiences building the Jazz
the capabilities of widgets in their application. toolkit, and outline future work.

For several years, we have been investigating Zoéenab REQUIREMENTS FOR ZUIS

User Interfaces (ZUIs), which use zooming as a priricipa Zoomable User Interfaces are a kind of information
method of navigation. ZUls have a number of unique visualization application. They display graphical
requirements, such as the need for "semantic zooming"information on a virtual canvas that is very broad drec
where more detail is displayed as the scene is zoomged i very high resolution. A portion of this huge canvas isrse
and the need for multiple views of the same scene at on the display through a virtual "camera" that can pad a
different magnifications. In practice, implementing a zoom over the surface.

general purpose widget for supporting ZUI applications i ;5 have unique requirements beyond those supported by
very hard [7]. standard 2D GUI toolkits. We list some of the
In this paper, we report on our experiences developing requirements for the kinds of ZUIs we want to build below.
Jazz. Jazz is a new toolkit for developing ZUI  Although these requirements reflect the complex nature of
applications. It can also be used to build many other kinds ZUIs, many non-zooming application-specific widgets

of 2D widgets. have similar requirements:

Unlike prior GUI toolkits, Jazz is based on a “minilithic 1) The ZUl must provide support for custom
design philosophy. In Jazz, functionality is delivered not application graphics that may be non-rectangular
through class inheritance but rather by composing a or transparent, as well as traditional interactive
number of simple objects within a scene graph hienarch widgets such as buttons and sliders.

These objects are frequently non-visual (e.g. layout nodes 2) Large numbers of objects must be supported so

or serve to “decorate” nodes beneath them in the scene
graph with additional appearance or functionality (e.g.
selection nodes). Jazz therefore tackles the complekity

that rendering and interaction performance doesn't
degrade with complex scenes.

graphical application by dividing object functionality into 3) Objects must support arbitrary transforms and
small, easily understood and reused node types. Those hierarchical grouping.

nodes can be combined to create powerful applications. 4) View navigations (pans and zooms) should be
The base ZNode class in Jazz has under 60 public methods smooth and continuously animated.

(16 are related to events, 16 are related to the scapkg
structure, 8 are related to local and global coordinaies,
the rest are for other functions such as painting, regvi
properties, and debugging.)

We believe that minilithic scene graphs are an important
mechanism for supporting custom 2D application widgets
in general, and ZUIs in particular. While zooming hasiie
one of our motivations for building Jazz, we think thtst

5) Multiple representations of objects must be
supported so that objects can be rendered
differently in different contexts, for example, at
different scales.

6) Multiple views onto the surface should be
supported, both as different windows, and within
the surface to be used as "portals” or "lenses".

simple model will prove useful for non-zooming 7) Objects must be able to be made "sticky” so they
applications as well. In particular, we believe thatzlsz stay fixed in one spot on the screen when the view
combination of extensibility, object orientation, changes. This is similar to a heads-up-display
hierarchical ~structure, and support for multiple (HUD).

representations will simplify the task of writing many 8) It must be possible to write interaction event
application-specific 2D widgets. handlers that provide for user manipulation of
In this paper, we first describe the unique requirements of individual elements, and groups of objects.

ZUls that led us to create Jazz. We outline relatedkvenrd The Jazz platform supports all of these requirements.

RELATED WORK

The influential InterViews framework [18] supports
structured graphics and user interface components. Fresco
[26] was derived from InterViews and unifies structured
graphics and user interface widgets into a single hiésarc
Both Fresco and later versions of InterViews support
lightweight glyphs and a class hierarchy structure simia
Jazz. However, these systems do not support large scene
graphs well, or handle multiple views onto the scerapbt

! The name Jazz is not an acronym, but rather is miva
by the new music-related naming conventions that tha Jav
Swing toolkit started. In addition, the letter 'J' siggs the
Java connection, and the letter 'Z' signifies the zogm
connection.

Jazz is open source software according to the Mozzilla
Public License, and is available at:
http://www.cs.umd.edu/hcil/jazz




They also do not support advanced visualization techniquesefficient image and triangle rendering, but do not have
such as fisheye views and context sensitive objectaz Ja direct support for high quality scalable fonts, 2D complex
adds new node types to the scene graph to support thes@olygons, line styles, and other standard businesshiggap
additional features. We have discussed these issues in depth previously [7]. We
A number of 2D GUI toolkits provide higher-level support '€ also interested in developing scene graph nodes that
for creating custom application widgets, or provide support 2PPIY to 2D application domains. For this domain, many of
for structured graphics. The Tk Canvas [17] for example the€ nodes found in 3D scene graph systems are not
supports object-oriented 2D graphics, though it has no @PPropriate.

hierarchies or extensibility. Amulet [19] is an excellent There are several prior implementations of ZoomakéerU
toolkit that supports widgets and custom graphics, but it Interfaces toolkits. These include the original Padtesys
has no support for arbitrary transformations (such as [20], and more recently Pad++ [6, 7, 8], as well as syste

scaling), semantic zooming, and multiple views. developed by individuals for research purposes [13,
The GUI toolkit that perhaps comes closest to meeting the 211[22], and a few commercial ZUIs that are not widely
needs of ZUIs is SubArctic [16]. It is typical of oth&UI accessible [3, 4, 23; Chapter 6].

toolkits in that it is oriented towards more ftraditional All of these previous ZUI systems are implemented in
graphical user interfaces. While SubArctic is innovative  terms of a hierarchy of objects, and are therefore
its use of constraints for widget layout and rich input superficially similar to Jazz. However, like GUI toolkits
model, it has a monolithic design. In addition, it does not they all use a monolithic class structure that placésrge
support multiple cameras or arbitrary 2D transformations amount of functionality in a single top-level “Nodelass.
(including scale) on objects and views. For example, in Pad++, the top-leveéhd_Object class

None of these 2D GUI toolkits adopt a scene graph Nas 235 methods, and supports fading, culling, spatial
structure that integrates structured graphics with user indexing, stickiness, layering, etc. We needed a cleaner
interface widgets. They are all are implemented with a More flexible approach.

monolithic design. So, while it may have been possible  THE JaAZZ TOOLKIT

extend an existing toolkit to add support for zooming, it Jazz is a new general-purpose toolkit for creating ZUI
would not have been possible to pursue a minilithic design applications using zooming object-oriented 2D graphics.
which we felt was also an important research goal. Jazz is built entirely in Java and runs on all platfsr that

It is possible to build ZUI applications using existing 3D Support Java 2.

scene graph tools, such as Openlinventor [5]. That may Jazz uses the Java2D renderer, and is organized to suppor
work from a structural standpoint. However, we would efficient animation, rapid screen updates, and high quality
then be restricted to using a 3D renderer. That is stills. While we could have written Jazz using other
problematic because 3D renderers do not support 2D rendering engines, such as OpenGL, we picked Java2D
business graphics or standard user interface widgets well.because of its clean design and focus on high-quality 2D
Typical 3D renderers, such as OpenGL, support very graphics. As previously mentioned, OpenGL does not

support business graphics well. In addition, using Java2D
allows us to support embedded Swing widgets, which
would be impossible with OpenGL.

Jazz borrows many of the structural elements comnaon t
3D scene graph systems, such as Sun's Java3D [1] and
SGI's Openlinventor [5]. By using a basic hierarchicare
graph model with cameras, Jazz is able to directly support
variety of common as well as forward-looking interface
mechanisms. This includes hierarchical groups of objects
with affine transforms (translation, scale, rotati@nd
shear), layers, zooming, internal cameras (portés)ses,
semantic zooming, and multiple representations.

Figure 2 shows a complete standalone Jazz program that
displays "Hello World!" where the user can pan and zoom
the view. Default navigation event handlers let the user
pan with the left mouse button, and zoom with the right
mouse button by dragging right or left to zoom in or out,
respectively. Note that Jazz automatically updates the
portion of the screen that has been changed, so no manual

Figure 2: Complete Jazz " Hello World !" program repaint calls are needed.

that supports panning and zooming.
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Figure 3: The Object hierarchy of Jazz.

The Jazz design follows standard 3D scene graph practice  « Interactivity: Scene graphs make it easier to
segregating functionality into separate, non-visual gnogpi implement things like selection and picking.

nodes. This approach leads to a modular scene graph
design. Jazz has an extensible visual and interaction policy
It comes with a small set of visual objects and a well
defined mechanism for applications to define their own. Disadvantages:

Similarly, Jazz SuppOl‘tS default Selection, naVigation, and . Footprint: A general solution such as a scene graph

other interaction mechanisms, but they are also desigmed will likely use more memory than a custom solution.
be modifiable by applications.

» Reuse: Scene graphs make it easy to reuse data in
multiple places.

« Efficiency: It is typically more efficient to write a

Why a 2D Scene graph? custom solution than to use a general-purpose scene
Most application-specific widgets are built using custom graph. [Bradley, T., Optimizing Toolkit-Generated
data structures to support that particular application erath Graphical Interfaces, UIST 94] found that a toolkit-
than using a generic toolkit. While this approach works, it based solution to an Othello game ran 19 times slower
involves re-implementing many common operations from than a hand-crafted solution, and consumed 18 times
application to application. A scene graph architecture, more memory.

the other hand, provides a general-purpose reusable
solution for many common operations. However this

solution has costs as well. Let us look at some of the
tradeoffs that come with the use of a scene graph in
comparison to a custom application.

Advantages of a scene graph: ARCHITECTURE _ _
Jazz is based on three primary concepts: nodes, visual

» Handles Complexity: Scene graphs scale nicely, and components, and cameras. Figure 3 shows the object
handle complex scenes well. hierarchy of Jazz's public objects that applications use.
« Abstraction: Scene graphs decouple the components Figure 4 shows the object structure of a typical aptibrea
of the system, making it easier to improve the reeder ~ with several objects and a camera.
switch to different hardware, make platform-specific \4es and Visual Components

tweaks transparently, etc. The Jazz scene graph consists of a hierarchyoofesthat
« Reusability: Scene graphs allow novice programmers represent relationships between objects. The baske no
to use professionally implemented algorithms, and to type ¢ZNode) is very simple. There are more complex
avoid implementing many common features. node types, whose features are only paid for when used.
Hierarchies of nodes can be used to implement “groups”

* Restrictions: Even with the most open-ended designs,
a scene graph is likely to place some restrictionshan
application, which may be avoidable with a custom
solution.
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and “layers” that are found in most drawing programsj an Cameras

to facilitate moving a collection of objects together. A camera is a visual component that displays a view of a
Scene graph nodes have no visual appearance on the/@Zz scene graph. It specifies which portion of thensce
screen. Rather, there are special objects, callisdial graph is visible using an affine transform. Multiple came
componentswhich are attached to certain nodes in a scene c@n be setup looking at a single scene graph, eachinigfin
graph (specifically tovisual leaf nodesand visual group its own view of the scene graph.

node$, and which define geometry and color attributes. Drawing Surfaces vs. Internal Cameras

In other words, nodes establisthere something is in the ~ Cameras are usually mapped todeawing surface.This
scene graph hierarchy, whereas visual components specifyfencapsulates a Javaraphics2D  class, which supports
what something looks like. All nodes have a single parent, 2D rendering. The drawing surface is usually associated
and follow a strict tree hierarchy. Visual componen with a Jazz Canvas, so that the user can see thecsuofa

be reused — the same visual component can appear irtheir display. The Jazz Canvas is implemented asva Ja
multiple places in the scene graph, and thus have meltipl Swing component, so ZUI interfaces can be embedded in
parents. any Swing application, wherever a Swing JComponent
widget is expected. Thé&raphics2D of a drawing
surface can also output to an off-screen buffer, or ateri
With this mechanism, a Jazz surface can be used toagispl

nodes. For example, nodes are used to provide aﬁineprmt’ or to render into a buffer so an application canbgra

transforms (for translating, rotating, scaling, argbaring the pixels that were rendered.

child nodes), culling sub-trees according to magnification, In addition to being mapped to drawing surfaces, cameras
and defining transparency for groups of objects. Each of can also be treated just like any other visual component —
these characteristics modify all of that node's desaatsda they can be embedded in a Jazz scene graph, so tiiatines

Visual components are purely visual. They do not have a V/€WS of a zoomable surface can be embedded recursively

hierarchical structure (they do not even specify a In a scene. dCa[{T}QI(ras usteg n tg's Waytr?reﬂ(]:ahmdrlr:ja:h t
transformation). Each visual component simply specifies Camerasana actiike nested windows within the world tha

how to render itself, what its bounds are, and how tkji themselves look onto the world, or onto a different \aor
(i.e. how to detect if the mouse is over the component) (in previous ZUI implementations, we called these

i ) ) "portals” [25].)
This split between nodes and visual components clearly
separates code that is aware of the scene graph Higrarc Layers _ _ L _
from code that operates independently of any hierarchy. It E&ch camera contains a listlafyer nodespecifying which
enables hierarchical structuring of scene graph ncales, ~ |aYers in the scene graph it can see. A camera reritiaif
also reuse of visual components. It also separates theP firstrendering its background, and then rendering &l th
structure from the content Visual components are |@Yers in its layer list. This approach lets an applma
interchangeable, making it possible to, say, replacenall t Puild @ single very large scene graph and control which
circles w/ squares in a sub-tree of the scene graph witho portion of the scene graph are visible in each camera.
affecting the grouping or position of objects.

There is a clear separation between what is implendeinte
a node and what is handled by a visual component. Nodes
contain all object characteristics that are passetbarhild



Layers can be made temporarily invisible within @esific COMPOSING FUNCTIONALITY USING NODE TYPES
camera by removing it from the camera's layer list. A basic design goal of Jazz is to maintain a dededp
Alternatively, a special node type called an ‘irle design so that different features do not dependeach
group” node can be inserted into the scene grapmate other and so that applications only pay for feasurehen
all the children of a layer invisible. Changing toeder of ~ they use them. This led us to keep the core ZNuegy
the layer nodes within a camera’s layer list changee simple, and to add extra features by introducingymode
drawing order of entire layers. types which are inserted into the scene graph ase

Rendering For instance, since not all nodes will be transfernthe
Nodes are rendered in a top-to-bottom, left-to-tigkepth core ZNode type does not contain a transform. dadf a
first fashion. Consequently, visual components are transform node is created when needed and insereste
rendered in the order that their associated nogigear in ~ any node that should be transformed.

the scene graph. Changing the order of a node withi  Developers are encouraged to achieve complex
parent node will change the rendering order of the functionality by composing simple node types in eerse

associated visual component. graph rather than by using subclassing and inhecéa
Culling _ _ _ To validate the practicality of this idea for ZUIsie have
All scene graph objects include a method to comphtsr developed a number of Jazz node types, each impitnge

bounding rectangle. Jazz uses this to decide whblgbcts a specific functionality suitable for ZUI applicatis, and
are visible, and thus avoid rendering or pickingeuls that each remaining small and manageable. In this seatie

are not visible in a given view. Bounds are cacléeach discuss some of the node types we have created.

node in the current relative coordinate system.je©ts that Jazz includes nodes to support layers, selections,

regularly change their dimensions can specify treir transparency, hyperlinks, fading, spatial indexiteyout,

bounds arev_olatlle. This tells Jazz_ not _to cache_ their and constraints. In this section we discuss som¢hete
bounds, and instead to query the object directlgrgitime node types

the bounds are needed to make a visibility decision
Selection and Hyperlink Nodes

Some node types associate extra characteristics wit
portion of the scene graph. These extra nodes act a
"decorators" following a standard object orienteesign
pattern [15]. They wrap the core functions of thedes
below them, adding extra functionality. For exaepive
have written a Jazz selection decorator node thaivsl its
Achildren, and then draws a selection box.

Events

Jazz supports interaction through event listenef$iese
follow the standard Java event model and may bechtd

to any node in the Jazz scene graph. There are two
categories of events — input events and object &velmput
events result from user interaction with a graphilaject,
such as a mouse press. Object events result from
modification to the scene graph, such as a transfion
Change' or a node insertion. All events can bedheth by Slmllarly, Jazz defines a link nOde, which is ugedcreate
attaching listeners to scene graph nodes. There A Spatial hyperlinks. The ||nk node associates tbet[matlon
multiple listeners per node. Unlike the standardrgpand ~ ©of @ spatial hyperlink with a node, but does so hitit

AWT listener model, in Jazz by default each inpueet is ~ modifying the node and without the node’s knowledge
passed up the tree to the listeners on ancestoesiod When the user moves the mouse over a link node, it
However, if a listener consumes the event, the eienot ~ Presents an arrow visual component to show whatlittie
passed on any further. With this mechanism, custvent refers to. Clicking on the link navigates the caméo the
listeners may be written for specific nodes thatrespond  linked object.

to graphical items — or a listener may be attachiggther in Position and Layout Nodes

the scene graph tree, which then provides intevacti The position and scale of objects is specified azz) by
support for the entire subtree below the listendfvent  inserting transformation nodes into the hierarcigtive
listeners can be written in either a specific orywegeneral layout managers can also be utilized by insertingymut
manner depending on the application’s needs. node into the hierarchy. We have developed a

Jazz dispatches all mouse events to the node (andZLayoutGroup that uses a layout manager analogotiset
potentially its ancestors) returned byiak operation at the ~ Java AWT and Swing layout managers. Layout managers

location of the original mouse event on the Jazawing can be inserted at different levels of the scenapby
surface. Before dispatching the event, Jazz malifiee yielding hierarchical layouts. Applications mayfihe new
event records to reflect the local coordinatestaf picked layout managers, or use one of the built-in layouts
component. Visual component event handlers carethies Currently, Jazz has two layout managers: a hieiiaattree
work in their local coordinate system. layout manager, which will layout any subtree oétbcene

graph in a standard tree structure, and a path utayo
manager, which will position a set of nodes alomy gath.
The hierarchical tree layout manager is interesimthat it

Jazz comes with event handlers for several basi&sta
such as navigation, selection, and hyperlinks. ligapions
are free to use these or define their own.



shows lines indicating the linkages between nodeshe
tree using a special visual component.

Constraint Nodes

We have developed nodes that use dynamic consré&int
position their children. Currently we use these stoaint
nodes to implement “Sticky objects” - portions bEtscene
graph that are associated with a particular canaech that

do not move when the camera viewpoint is changed.
Sticky nodes subclass a constraint node contaias ¢h
transform. They modify the transform by settingtdt the
inverse of a specified camera's view transform véven
the camera’s view changes. The subtree rootedeastibky

from a research group at Los Alamos National LalWe
defined a new visual component that wrapped theirec
visual component, and were able to place their renti
visualization inside of Jazz, complete with zoomiagd
multiple views and interaction in about half of ayd The
second was the LEIF system developed by DTAI [Zhis
is a large information framework system with a majo
visualization component. With a similar technigqubey
were able to wrap their core object type with azlaisual
component, and get their entire application to @wpeside
of Jazz.

Swing Visual Components

constraint node then does not move as the viewpoint Any lightweight Java Swing component can be embedde

changes. ltis as if they are stuck to the camelens.

Culling Nodes

A basic characteristic of zoomable applicationthist there
can be a large number of objects in a given sceraply
many of which are not visible in a given view ofelgraph.
For example, in a zoomed-in view, only very smabjexcts
are visible, whereas in a zoomed-out view, onlygkar
objects need be shown. Thus, it is important tiicesfntly
traverse the scene graph, culling invisible objects
Sometimes simple bounds-based culling is not seffic
We have developed two additional mechanisms to sttpp
culling. First, "fade" groups can be inserted etscene
graph to cull a subtree when it appears larger moalter
than a specified magnification in a view (fade gpsuuse
alpha blending to smooth this transition - hence tfame).
Second, a "spatial index" node can be insertechedcene
graph to provide fast access to the visible chiida# that
node. The Spatial Index node implements an RTnelex
[24] which is effective when there are many nodéest
only a small percentage of them are visible atwegitime.
This is quite common in ZUIs since this typicallyaurs
whenever the view is zoomed in.

CUSTOM VISUAL COMPONENTS

To define new visual components, applications edttre
ZVisualComponent class and define two functions.
The new object defines how to paint itself and hiogy it is.

In addition, visual components may define pickingthods
if the object is not rectangular, so Jazz knows whke
pointer is over the object.

Legacy Java Code

One of our motivations for splitting components aswtne
graph nodes in two was to make it easy to imporh-no
zooming components and legacy applications into a
zooming context. In Jazz, visual components caredmsly
defined to wrap legacy Java code that is writterthout
awareness of Jazz. Those components can thendmezb
and interacted with by placing them in a scene gragpor
example, it is possible to take some pre-existingec that
draws a scatter plot and make it available as a désual
component on a zooming surface.

This technique has been used to wrap existing é¢odeo
large systems. The first is a graphical simulat&ystem

into a Jazz scene graph by placing it in a Jazz 8w
visual component in the scene graph. The Swing
component can then be panned and zoomed like Gdzer
components. This means that fully functioning enrigt
Java Swing code with complete GUIs can be embedded
into a zooming surface, and mixed and matched with
custom graphics within Jazz. For example, a Swing
interface with a table and buttons could be placed a
zooming surface and overlaid with an applicatiorafic
visualization. The Swing components can be maifad

in exactly the same way as other Jazz components,
including applying rotation, scale, transparencynda
multiple views. The embedded Swing integration ascu
transparently to the Swing widget and to other rouhethe
scene graph. An applet demonstrating Swing widgets
embedded in Jazz is available at the Jazz website.

To implement embedded Swing widgets inside of Jézz,
widgets’ input and output had to be remapped to
accommodate their transformed rendering. Mousetitip
Swing normally takes the pointer’s screen locattrectly

to the Swing component’s local coordinate systeifhis
mapping is not as straightforward since embeddeéh&w
widgets may be arbitrarily transformed. So the ZSgvi
visual component registers listeners for mouse t/eand
forwards any events it receives to the underlyingir
component in its coordinate system.

Similarly, the ZSwing visual component must alsaeal
repaint requests made by Swing components embetided
Jazz. These Swing repaint requests assume regderia
traditional GUI rather than one arbitrarily transfoed.
The ZSwing visual component must reroute theseintpa
through the Jazz scene graph, including multiplewd, to
properly transform the Java Graphics2D object toubed
by the Swing component for rendering.

CREATING APPLICATION SPECIFIC WIDGETS

To test Jazz, we developed a number of prototypks o
application-specific widgets. These widgets expleagous
aspects of ZUIs and general graphical applicatiesigh.

In this section, we report briefly on these widgets

Basic ZUI Application
To understand the requirements of ZUIs as well las t
structure of Jazz, we created a simple zoomabldicgijpn



in Jazz. We built a graph editor that lets usa@da graph
with many nodes that are connected by links. Timé&d
follow nodes that the user moves. The user canvdrery
large graphs and the view may be zoomed in or aut o
demand. Nodes can be grouped. When zoomed cegeth
node groups fade out and are replaced with a grooge
that represents an abstraction of the elementh@ftoup.
Finally, to support the user in understanding glatzntext
as well as detail, multiple views can be brought up
simultaneously and the zoomed out views will sholvene
the zoomed in views are. The application is avd#aas a
Web applet ahttp://www.cs.umd.edu/hcil/jazz/play

It is difficult to build this application using esting GUI
toolkits. GUI toolkits don't directly support zoodngy,
multiple views, and multiple levels of informatiosp the
application would have to manage all of these dstai
Building this application in Jazz was straightfomata

Since zooming, multiple levels of representatiomda
multiple views are all directly supported by Jazwiting
the graph drawing application was just a matteradfling
appropriate nodes to the scene graph for each elewfe
application. In addition, Jazz's support for imtetion
through event listeners makes it easy to add nedekedit
the graph. Object change events are generated \&hen
object moves, so an event listener was attachéldemodes
in order to update the connecting arrows so theyasbk
follow the nodes. Finally, Jazz takes care of stre
updates, hierarchical transforms, etc. which sifrgdi
application programming considerably.

Fisheye Views

The scene graph model in Jazz makes it easy to@tpp
advanced graphical features. For instance, whdezJ
directly supports geometric zooming of entire scgritis
also possible to create "fisheye" visualizationsewd each
object is scaled according to some degree of istere
function [14].

We implemented a simple fisheye view in Jazz bytipgta
special Fisheye decorator node above every obfet we
wanted the fisheye effect applied to. The fisheymle is
really just a special transform node that dynanjcal
computes its scale according to a function. Adetlty,
this is a simplified fisheye view as entire objeet® scaled
whole rather than being distorted. However, addingre
functionality would be trivial. We are currently pboring
other fisheye techniques in Jazz.

Context Sensitive Objects

By default, Jazz objects support a single presantaityle.
It is also desirable to be able to suppomultiple
representations of a single data model. Thatassupport
different visual displays of objects in differerrtexts.

Applications can easily use Jazz to present diffengsual
representations of data in different circumstanddsny
different kinds of context can be used to influetoev and
what gets drawn, so we sometimes call this techaiqu
context-sensitive renderingVhile an application can use

any context whatsoever to control an object's remge
(such as author, or time), two especially commontesgts
are magnification(the size the object is rendered at) and
camera(the camera the object is being rendered within).
We sometimes use the more specific tersemantic
zoomingto refer to objects that change the way they appea
based on the current magnification. When an olgggtears
differently when viewed with different cameras, we
sometimes use the tedensor filter [6, 25].

Jazz's standard visual components render themséhees
same way every time, except during interactions,emwh
they may render themselves at lower resolution for
efficiency. Applications can define new visual coomgnts
and nodes whose paint methods are context sensitive

Standard software engineering approaches call for
decoupled representations. Each visual representat
should exist independently of the others. This wliothe
application builder to design new representatioasd
modify old ones without affecting the other repnetsions.

A clean decoupled design would support differergssles
for each visual representation of the data. Onegtethat
accomplishes this is to make a special visual conegpd
that acts as &roxy[15] for another visual component, and
can delegate between them. A more elaborate détegat
scheme is described by Fox [12].

Such a delegator is fairly straightforward to builtt
maintains a list of ancillary visual components andhctly
one of them is active at a time. It then definespaint
andpick methods to call the active visual component.

We implemented a simple delegator as a proof-ofeeq.
Our sample delegator supports semantic zooming by
selecting a specific visual component to renderebdaen
the current magnification level. This approach Hhas
property of having decoupled visual representatiomde
keeping those representations together on the mscree
Because they are all controlled by a single nodeyimg
that node (by changing its transformation) moveshea
zoom level's representation together. Figure 5 shtine
basic structure of the scene graph for our delag#iat
supports semantic zooming.

LAZY EVALUATION

A drawback of the “minilithic” approach adopted Bgzz is
that it places a burden on the application progransince
they must manage a scene graph containing manysnode
and node types. Adding a new element to a scendale
several steps.

Delegator

Rep 2|

Rep 1|

Rep 3

Figure 5: One way to implement semantic zooming in
Jazz. The Delegator chooses which representation
to use to paint itself depending on the current
magnification.




In practice there is typically a primary node thtte
application cares about (usually the visual leafl@oand
then there are several decorator nodes above it.hee
implemented special support for managing these siofl
scene graph structures, using the notion of sceraphy
editor objects.

An editor instance can be created for any nodehenscene
graph. It has methods for obtaining parents ofrlode that
are of a specific type. It uses lazy evaluatiorcteate those
parent nodes as they are required. Jazz maintagpeaial
bit in each node specifying if it is created by adlitor.
With this structure, if an application wants to abt a
transform node for a given node in the scene grétpban
simply call:
node.editor().getTransformGroup()

If the node does not have a transform node assetiafth

it, a new transform node is created and inserteavatihe
node. Otherwise the existing transform node is nretd.
The editor() method actually calls a factory [10] to
create the editor, so applications can define custo
mechanisms for editing nodes.

CURRENT STATUS

Everything described in this paper is currently ierpented

in Java 2 and is publicly available as open sowscfware
at http://www.cs.umd.edu/hcil/jazz Jazz is being actively
used by a number of research groups, has been nsed
university courses in and outside of the Universif
Maryland, and is being used within two commercial
products currently being developed.

The Jazz distribution comes with a sample applarati
called HiNote that demonstrates some of the basatufres.
In addition, we are currently building two other
applications. The first is a new version of KidPE] 11]
that provides collaborative storytelling tools fohildren,
available at http://www.cs.umd.edu/hcil/kidpad The
second is an authoring tool for creating preseoteti The
authoring tool builds on our experience making zadie
presentations over the past several years. Thieoanog
tool works as a plug-in for Microsoft PowerPoint@aling
any existing presentation to be brought into a zabla
space. Thistool is not yet publicly available.

CONCLUSION

This paper describes the architecture of Jazz, & deva
toolkit that supports the development of extensii®
object-oriented graphics with zooming and multiple
representations. Itis a descendent from previdasmable
User Interfaces that we have built in the past.

While Jazz does not introduce many substantiallyv ne
individual ideas, it is novel in bringing togetharvariety of
techniques from different domains. Jazz takes sa@gaphs
from 3D graphics, screen and interaction technigines
2D widgets, functionality from previous ZUI systepend
puts these elements together with clean decouplgdct
oriented design. Using Jazz, developers can wet@ogs

zoomable applications and advanced visualizatioitk &
clarity and efficiency that has not been possitaéobe.

The biggest contribution of Jazz is the creation af
graphics toolkit built using a “minilithic” design. By
encouraging composition over inheritance, the Jaature-

set is highly decoupled. This makes the code easie
maintain and extend compared with monolithic apphes.
We and others have used Jazz to build a variety of
applications. This proof by example demonstrated the
approach has potential. There are, however, tadffewith

any design, and the minilithic approach also hasto

Our experience with Jazz so far shows us that tiggdst
concerns with the Jazz design is ease-of-use diuiesicy.

The downside of a minilithic approach is that the
application developer must manage many more objects
than with a more traditional design. While you prpay

for the features you use, you need a new node firtstdor
each feature. While we have attempted to mininmtzis
burden through the use of “editors”, the developglt has

to be aware of many node types.

Another basic issue is efficiency of a scenegrapkeul
solution compared to an entirely custom solutiorAn
alternative to Jazz for some visualizations would to
build a custom data structure representing the mael
then to build a render method that simply walksotingh the
model, rendering the entire scene. This approadcimple
and very efficient. We believe that for simple dipptions,
that kind of custom implementation may be best. eTh
advantages of a scenegraph-based approach dorgaapp
until the application requires features such asden,
layers, fading, or spatial indexing. Once a numbkthese
features are required, the custom approach becoress
tedious, and difficult to maintain. So, while we ot yet
have any quantitative data to inform a designegppears
that there is a threshold of complexity above whitdez
provides more benefit than cost.

While we have not yet performed a rigorous quatitrza
performance analysis, we and others have used fdaz
number of applications. We have consistently fouhdt

its performance is good. The primary bottlenechegrs to

be rendering large numbers of objects, and not the
overhead incurred by traversing and maintaining the
scenegraph.

We look forward to continuing the development ozda
and increasing our understanding of the trade-offghe
minilithic scenegraph design that we have chosAs.Jazz
is used for more projects, we will gain enough expece
to carefully analyze the construction of systemmgslazz,
and compare them to alternative approaches.
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