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Abstract:

One of the scarcest resources in today’s computing devices is screen space. This is particularly
evident in the emerging pocket-sized devices such as PDAs, cellular tele- and dataphones, two-
way pagers and wireless web browsers. In this paper, we introduce a new approach, called the
event horizon user interface model that allows us to overcome some of the limitations. The key
idea of the proposed model is that the display can be compressed and expanded by moving
objects radially farther away or closer to an event horizon in the middle of the screen. In order to
study the proposed model in detail, we have built an implementation called Radius for the Palm™
connected organizer. The current Radius implementation will be illustrated and some future direc-
tions outlined.
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1. Introduction

The processing power and storage capacity of computing devices has increased by several
orders of magnitude in the past twenty years. In the early 1980s the average desktop
computer had a few tens of kilobytes of RAM and maybe a few hundred kilobytes of
(floppy) disk space. In 1999 a typical personal computer has 32-128 megabytes of RAM
and 4-16 gigabytes of hard disk space. However, at the same time, the average computer
screen size has barely doubled in linear size. This has led to an interesting dilemma: while
the virtual space inside the computers has expanded rapidly, the physical windows
through which we look into that space allow us to see a relatively smaller and smaller
portion of the space. For instance, in the early 1980s a typical desktop computer
contained no more than a few hundred files, and listing all of them using a simple
command line operation or a visual file manager tool took no more than a few seconds. In
1999, personal computers may contain tens or hundreds of thousands of files, and listing
them all could take hours or days. The problem is exacerbated by the fact that today’s
computers are increasingly networked, allowing access to millions and millions of files
on the Internet, making information finding and visualization even more challenging.

In general, while the development of computers and software has traditionally been
guided primarily by the need for faster processors and more memory, today development
is increasingly being driven by other issues, such as the need for easier and faster network
access, or better mobility. At the same time, it is becoming apparent that one of the
scarcest resources in today’s computing devices is screen space. There is simply not
enough space on a typical computer screen to visualize the rich information content
characteristic of today’s computers and computer networks. This problem is particularly
evident in the emerging pocket-sized devices such as personal digital assistants (PDAs),
cellular telephones and dataphones, two-way pagers and wireless web browsers. These
devices typically have a screen size of only a few inches across—yet these devices are
more and more commonly being used for display-hungry activities such as browsing the
web, accessing large corporate databases, or even capturing and displaying live video.
What is even more problematic is that these devices are increasingly being used as
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replacements for personal computers for storing large amounts of business-critical
information such as contact lists, memos, business contracts, e-mail, fax messages, etc.
Organizing and rapidly finding such information can be extremely cumbersome on a
screen that is only a few inches across.

In this paper we introduce a new collapsible user interface concept that allows us to
overcome some of the limitations arising from the small screen size. The proposed
concept is general and can be used not only in small devices but also in full-size desktop
computer user interfaces. The concept can be used either separately or in conjunction with
other user interface concepts such as the traditional desktop metaphor. To illustrate the
proposed concept, we have built an implementation for the Palm connected organizer—
the most popular personal organizer device today. The current implementation replaces
the standard Memo Pad application of the Palm device, but it could easily be extended for
other purposes as well.

The rest of this paper has been organized as follows. We start by briefly discussing the
evolution of user interfaces in commercial computer systems and by examining
alternative user interface concepts that have been proposed in the research world (Section
2). In Section 3, we present our new model and discuss its main benefits and drawbacks
from the conceptual viewpoint. In Section 4, we introduce our current implementation of
the new user interface for the Palm connected organizer. Finally, in Section 5 we
summarize our experiences with the new model.

2. Comments on user interface evolution

2.1. The evolution of commercial user interfaces in the 1980s and 1990s

Considering the dramatic advances in the processing power and storage capacity of
computer systems in the past two decades, it is somewhat surprising how little progress
has been made in the area of commercial computer user interfaces in the past fifteen
years. While the 1980s were characterized by a rapid transition from character-based user
interfaces to graphical user interfaces—inspired by the success of Apple Computer’s
popular Macintosh product line—in the 1990s relatively few advances have been made.
The basic WIMP (Windows, Icons, Menus and Pointers) approach and the familiar
desktop metaphor have been augmented by a few additional concepts—such as floating
toolbars, wizard dialogs, extensive use of drag-and-drop editing—but otherwise the basic
user interface concepts and look-and-feel have remained largely unchanged from the mid-
1980s. From the research perspective, most of these concepts hark back to the 1960s and
early 1970s.

The only real challenge to the status quo in computer user interfaces in the past few years
has been the introduction of web browsing. The rapid popularization of the World-Wide
Web and the growing success of electronic commerce have made the web browser one of
the most frequently used computer applications. Unfortunately, this transition has not
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been an entirely positive phenomenon. While web browsers are generally capable of
supporting far richer information content and mosaic of media (graphics, video, audio)
than traditional computer user interfaces, web browsers have some fundamental flaws. In
particular, the page-oriented, server-centric interaction and navigation model of the web
is taking us away from the direct manipulation model [Shn83] popularized by personal
computers and workstations in the 1980s. Rather than dealing with application objects
directly, the user is manipulating data in a very indirect fashion by sending and receiving
pages one at a time.

Even worse, rather than manipulating objects, the user is dealing with low-level
abstractions described and accessed using arcane and extremely cumbersome facilities
such as HTML and CGI. In general, currently the World-Wide Web is still suffering from
the fact that it is a poorly-abstracted, poorly-organized, page-oriented world—instead of
being a world of objects and services as it could be. Fortunately, Java™ and Jini™
technologies are gradually changing this by enabling the development of networked
services in a more object-oriented fashion. However, neither of these technologies
directly addresses the user interface issues pertaining to small devices.

In general, it is interesting to notice that even though web browsers were initially
intended to be platform-independent across different kinds of computing devices, the
chosen lowest common denominator was still far too high to enable web browsing from
small consumer and embedded devices. For this reason, a number of proprietary
techniques have been developed. For instance, the recently introduced web clipping
technology (http://www.palm.com/devzone/palmvii/tutorials/tutorial_web.html) by 3Com
Corporation allows a mobile web browser to extract only a specific set of the information
from a given web page, eliminating the less important information as specified by the
creator of the web site. Obviously, this technology addresses only the problem of making
web pages smaller. The more fundamental problem—how to efficiently visualize and
organize a large amount of information and objects on a small screen—remains unsolved.

2.2. Alternative user interface models

There are two general approaches to solving the problems that arise from limited screen
space. The first approach is to try to reduce the number of objects that are visible on the
screen simultaneously. This can be accomplished, e.g., by creating a hierarchy of objects:
instead of showing all the objects at once, the system displays only one level of the
hierarchy at a time. This approach has been utilized extensively in traditional graphical
user interfaces. For instance, the desktop/folder metaphor familiar from the Macintosh
computers uses this principle. Also, instead of displaying full objects, it is possible to use
icons or other more compact representations to conserve space.

The second general approach is to make the screen larger. This can be accomplished
either physically, for instance by buying a bigger screen, or virtually by extending the
virtual display space inside the computer. Obviously, there are technological and
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economic constraints as to how big the physical screen can be made, and in small devices
this approach is not feasible in the first place. Therefore, we are left with the latter
possibility: enlarging the virtual display space.

Zooming user interfaces. In recent years several interesting user interface concepts have
been presented. For instance, there are several systems that utilize zooming as the main
technique for extending the virtual screen space. Examples of such systems include
Pad++ [BeH94, BSH94], Workscape [LuS94, Bal94], Web Forager [CRY96] and Data
Mountain [RCL98]. In these systems, the user can control the number of objects visible
on the screen either by pushing and pulling selected objects farther or closer, or by
zooming the whole display in and out to decrease and increase the number of objects that
are visible to the user. By zooming the display out, the user can see a much larger number
of objects than would be possible in a regular, non-zooming user interface. By zooming
the display in, the user can focus on the details on individual objects. Some systems, such
as Workscape, even use zooming as a substitute for object opening, i.e., unlike in
traditional user interfaces in which the user typically has to explicitly click or double-
click an object to open or edit it, objects in Workscape are “always open” [LuS94]. The
user who wants to work on a particular object can simply zoom in to that object and start
working on it immediately. Since no explicit opening of objects or applications is
necessary, it is also possible to work on an object or multiple objects “from the distance”.
In some systems zoom rates are set automatically based on the size of the objects the user
is currently working on [WLS98].

Zooming user interfaces have some potential problems. For instance, insufficient screen
resolution can make it difficult to view objects that have been zoomed far out. If the user
frequently needs to move objects back and forth to improve legibility or to see more
objects, the value of the user interface will decrease substantially. Also, it is tricky to
implement zooming in a realistic and aesthetically pleasant fashion without addressing
some thorny implementation issues such as object collision. For instance, it is not obvious
what should happen when an object is moved from behind another object to the front of
that object. Should the other object give way or are objects allowed to pass through each
other? Furthermore, to implement zooming smoothly and realistically, quite a lot of
computing power is required.

Focus+context displays. There are several other interesting techniques that can be
viewed as variations of zooming. For instance, the document lens model introduced by
Xerox PARC [RoM93] allows the user to focus on a particular object or part of the screen
and magnify the focused area to cover most of the visible screen area. At the same time,
the user can still view some of the surrounding context. This technique is particularly
useful in situations in which the user does not want to lose the global context information
about the document while focusing on a specific part of the document. Such a
requirement is often common, e.g., when reading large legal documents, reference
manuals, or other books containing numerous cross references. User interface techniques
that allow the user to focus on a particular object without losing global contextual
information are often referred to as “focus+context” displays [RoM93].
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Variations of focus+context displays include fisheye views [Fur86, SaB92, Gre96], image
magnifiers [WaL95], magic lenses [BSP94, Fox98] and hyperbolic views [LaR94,
LRP95, HGD95, LaR96]. Some systems utilize radar views [GGR96]: Rather than
zooming or otherwise manipulating the main view, the system creates an additional view
or window that allows the user to see a miniaturized version of the full virtual display
while the main view displays only a certain part of the full display. For instance, the
Kansas system discussed below uses the radar view technique.

Infinitely large virtual displays . An alternative to zooming is to make the virtual display
space infinitely large. The Kansas distance collaboration system [SHH98] developed at
Sun Microsystems Laboratories uses this approach. In Kansas, all the objects reside in the
same, large, flat, two-dimensional, shared space (hence the name Kansas). The user can
move about in the space by panning the display left/right and up/down. Kansas is a multi-
user system, so multiple users can coexist in the same space, share objects and work
together collaboratively. There is no hierarchical structuring of user interface space: all
objects are assumed to reside in the same world. To facilitate navigation and
understanding of global context, additional tools such as the radar view are provided.

The Kansas system was originally built as a user interface for the Self programming
language [UnS87], and it is based on research ideas experimented earlier in the ARK
(Alternate Reality Kit) system at Xerox PARC [Smi86, Smi87]. A number of other
systems utilize the same principle. For instance, the collaborative design system TDE of
Nokia Corporation [TaV97] uses the same shared world/infinitely large flat space
metaphor in combination with hierarchical folders and zooming capabilities.

Graph-based displays. A popular approach to visualizing large amounts of information
is to use different kinds of graph representations. For instance, the graphical user
interfaces of the popular operating systems such as the MacOS or Windows have
traditionally provided a tree view for visualizing and manipulating directory hierarchies.
However, the use of graph-based representations goes far beyond simple tree views. For
instance, the cone tree display used in the Information Visualizer system [RMC91]
combines graph-based representation with an animated three-dimensional display.

Perhaps the most relevant graph-based user interfaces for small devices are so-called
hyperbolic views [LaR94, LRP95, HGD95, LaR96] already briefly mentioned above. In
hyperbolic views, the user interface is arranged in a circular fashion so that the object that
is currently the center of attention is located at the center of the display. The objects that
are next relevant are then displayed radially around the object at the center. In a way, the
display contains several “rings” of objects, each ring containing objects whose
“conceptual proximity” to the object at the center is about the same. Interconnections of
objects are represented visually as graph edges so that objects at the first ring have a
visual link to the object at the center, objects at the second ring have a visual link to a
related object at the first ring, and so on. The navigation in a hyperbolic view takes place
by clicking any of the surrounding objects. Whenever the user clicks an object, the object
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is brought to the center of the display and the rest of the display is reorganized
accordingly. The object that was previously the center of attention becomes part of some
surrounding ring.

Real-world metaphor displays. It is very typical for user interface designers to try to
map the user interface concepts to some real-world phenomena. The well-known
desktop/folder metaphor used by various operating systems is a good example of this
approach. Other common metaphors include the card deck, pile, book/bookshelf and room
metaphors. The card deck metaphor was popularized by Bill Atkinson’s successful Apple
Hypercard program released in 1987, and has been used also, e.g., in the experimental
web browser DeckScape [BrS95, BrS96]. The pile metaphor was investigated in
[MSW92]. The book and bookshelf metaphors have been used, e.g., in various calendar
and memo pad applications (see [GFC98]) and in the experimental web browser Web
Forager [CRY96]. The room metaphor is characteristic of collaborative systems such as
TeamRooms [RoG96] (see also [HeC86]).

Data-type specific displays. Rather than using metaphors, it is sometimes a good idea to
adapt the user interface to the data types that are being manipulated. For instance, there
are user interface concepts that have been tailored particularly to viewing tables and other
grid-like structures [RCJ92, RaC95]. Treemaps [Joh92] are particularly well-suited to
visualizing large hierarchical structures such as file directories in association with other
attributes such as file size and type; for instance, the commercial DiskMapper system by
Micro Logic Corporation (www.miclog.com) uses this approach.

Other user interface concepts. There are a number of relatively new user interface
concepts that utilize time as the main organizing criterion. For instance, in the Lifestreams
system [FFG96] the user can create several “streams of objects” for organizing objects,
and the system then automatically keeps the most recent objects in each stream on top of
the display. A similar approach has been used in the LifeLines system [PMR96]. Three-
dimensional views and virtual reality displays are also becoming more feasible as the
available computing power increases, but these are beyond discussion here since these
techniques are not generally very applicable to small devices. For further discussion on
characterizing and classifying different user interface concepts, refer to [Sta93, Twe97].

2.3. User interface concepts for small devices

Small computing devices such as personal digital assistants, cellular telephones, pagers,
wristwatches and bicycle computers typically have a screen that is much too small to
accommodate a traditional desktop user interface. Limited computing power, poor screen
resolution, and strict memory constraints make it difficult to utilize more advanced
techniques such as zooming, scaling, or infinitely large virtual displays. Further, many of
the small devices are generally intended to be manipulated with one hand only, imposing
limitations on the input methods that can be used. For instance, the traditional WIMP
(Windows, Icons, Mouse and Pull-Down Menus) approach requires that the user can
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reserve one hand for operating a pointing device such as a mouse or a stylus. This may
not be feasible when operating devices such as cellular telephones or automobile
computers.

Given the large number of user interface proposals in the literature and the growing
popularity of small computing devices, it is somewhat surprising how little research effort
has been devoted to designing user interfaces for small devices. This may be partly
because user interfaces for small devices have traditionally been rather specialized—a
cellular telephone needs a rather different user interface than a pager or a PDA. Also, it is
generally rather difficult for academic researchers to work in this area because the
interfaces of many of the small devices have been proprietary. Nevertheless, there have
been some interesting proposals. For instance, Kamba et al [KEH96] have suggested the
use of partially overlapping, semi-transparent widgets in order to utilize screen space
more efficiently. Fitzpatrick et al [FPS98] have proposed the use of single line ticker
tapes like those seen in stock market displays. Lieberman [Lie94] has provided some
interesting insights into visualizing very large information spaces, and introduced the
notion of macroscoping: the use of translucent layers in conjunction with zooming and
panning.

In contrast with user interface proposals, there are a large number of proposals for new
input techniques for small devices. For instance, new pen input approaches have been
studied in [VeN94, Mas98, Per98]. Examples of new kinds of input devices can be found
in [SuT96, KaI98].

3. New proposal: the event horizon user interface model

Imagine a flat, unlimited two-dimensional space that can store all kinds of objects
typically found in the computer screens (such as icons, pictures, graphical elements, text,
etc.) The user can move objects about the screen in a traditional fashion by using a
mouse, pen or other pointing device.

In the middle of the screen there is a small circular area known as the "event horizon" (or
more briefly: the "sink"). The event horizon serves as an unlimited container in which
objects are stored when the display is "compressed" (see the description below).

Only one basic user interface navigation operation, known as the "expand/compress"
function, is provided to the user. This function can be operated by using two simple
buttons (such as the up and down buttons of the Palm connected organizer), or by using a
simple rocking switch.

When the display is compressed, all the objects on the screen move radially closer
towards the circular event horizon as long as the compress button is pressed (see Figure
2). Those objects that become close enough to the event horizon are "sucked in" the sink
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and will disappear from the screen (hence the term "event horizon"—it operates like a
black hole).

When the display is expanded, all the objects on the screen move radially farther away
from the event horizon as long as the expand button is pressed (see Figure 3). At the same
time, the event horizon will release the objects in it in the original order they were
previously sucked in, making them visible again and restoring the original view.

During the "expand" operation, many objects may move beyond the physical limits of the
computer screen. This is perfectly normal: objects can be brought back to the visible part
of the screen later by using the "compress" operation again. In general, the
expand/compress process is entirely reversible and repeatable. The compress operation
allows the user to gradually fold complex, visual displays of information away from the
screen altogether, storing them in the sink. Conversely, the expand operation can be used
to make more space or to restore the view as it was before compression.

Physical screen limitPhysical screen boundary

The event horizon (“sink”)The event horizon (“sink”)

Figure 1. Initial example situation

The compress/expand operations are illustrated in Figures 1, 2 and 3. Figure 1 shows the
initial display with ten visible objects. In Figure 2, the user has pressed the compress
button, and all the objects have moved radially closer to the event horizon. One of the
objects shown in Figure 1 has disappeared in the sink, and another object that was
previously outside the visible screen area has emerged in the top right corner of the
display. Notice that the dash-line arrows in Figure 2 and 3 are used for illustration
purposes only to visualize the movement of objects, i.e., they are not part of the actual
displays.
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As a result of the
“compress” operation,
objects move closer to
the event horizon, and
may become “sucked
in”.

Also, objects that were
previously outside the
screen area may
become visible again.

As a result of the
“compress” operation,
objects move closer to
the event horizon, and
may become “sucked
in”.

Also, objects that were
previously outside the
screen area may
become visible again.

Figure 2. Using the compress operation

Figure 3 shows a situation in which the user has pressed the expand button while
originally being in a situation depicted in Figure 1. All the objects have moved farther
away from the sink, and a new, previously invisible object has emerged from the sink.

It is important to note that the compress/expand process is not an on/off operation, but it
can be operated in a gradual fashion, sliding objects gradually closer and farther away
from the sink. In a way, this is the equivalent of window scrolling in a traditional
computer user interface, with the exception that objects are moved radially rather than
horizontally or vertically. An important consequence of radial scrolling is that when
objects are scrolled farther from the sink, the relative distance of individual objects
increases. Conversely, when scrolling objects closer to the sink, the relative distance of
objects decreases. This is something that does not happen in traditional scrolling.
However, as with traditional scrolling, the relative positions of objects are always
preserved, and all scrolling operations are always fully reversible and repeatable.

Benefits of the proposed approach. One of the best things about the proposed approach
is that it allows an unlimited number of objects to be stored, visually organized and
manipulated in a virtually large but physically very limited screen. The radial movement
of objects ensures that the user will see all the objects stored in the sink while performing
the expand operation to completion (i.e., until the sink has no more objects inside). Yet
everything can be accomplished by using one-dimensional navigation only
(compress/expand). This is different from traditional displays in which the user often has
to scroll the display to two different directions (left/right and up/down) in order to find all
the objects. In general, the proposed approach seems well suited to devices and situations
in which the navigation operations have to be as simple and easy to operate as possible.
Unlike traditional one-dimensionally scrolling displays such as list views, the user still
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has the possibility of utilizing spatial memory and capitalizing on pragmatic and
incidental cues for retrieval, such as “I left it over there”, “it was near the memo that I
wrote last week”, or “it was the topmost object on the screen”.

As a result of the
“expand” operation,
objects move farther
away from the event
horizon, and may
move away from the
visible screen area.

Also, objects that
were previously
inside the event
horizon may become
visible again.

As a result of the
“expand” operation,
objects move farther
away from the event
horizon, and may
move away from the
visible screen area.

Also, objects that
were previously
inside the event
horizon may become
visible again.

Figure 3. Using the expand operation

The proposed approach can be used in combination with other user interface concepts.
For instance, in addition to simply having one sink for organizing objects, it is quite
possible to have multiple hierarchically organized sinks. This approach has been used in
our current implementation discussed in the next section. Also, it is quite obvious that
other user interface operations, such as moving objects with a mouse or pen, can be
supported as usual. In general, the proposed approach works well with persistent displays
in which objects remain where the user places them. This principle allows the user to
utilize spatial memory as described above.

An additional benefit of the proposed approach is that the distance of objects from the
sink serves as an implicit notion of time: the “deeper” in the sink the objects are, the more
likely it is that they are older than the objects located farther from the sink, or vice versa.
For instance, it is quite possible to utilize the sink for the versioning of objects: when
creating a new version of an object, the old version is stored away in the sink from where
it can be restored later, if necessary.

From the implementation viewpoint an important advantage of the proposed approach is
that its implementation does not require much computing power. For instance, unlike
with zooming displays, there is no need for scalable fonts or other scaling operations.
Implementation aspects of the proposed model will be discussed in more detail in the
next section.
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4. Implementation for the Palm connected organizer

We have built an implementation of the proposed user interface concept for the Palm
connected organizer. The work was originally motivated by our work on Spotless
[TBS99]—a Java™ virtual machine for small devices such as the Palm connected
organizer. In that system one of the interesting design problems was to devise a solution
that would allow a large number of classfiles to be managed on a small device with a
limited screen. The event horizon concept proposed in this paper grew out of that work.
After studying the event horizon model in more detail, we realized that the model could
be used also for many other purposes, and we decided to build a more general-purpose
implementation. The resulting system, Radius, replaces the standard Memo Pad note
editor application of the Palm connected organizer, but it could be extended and used for
other purposes as well.

Figure 4. Radius running on the Palm connected organizer

The current Radius implementation for the Palm connected organizer is shown in Figure
4. As is characteristic of the event horizon model, in the middle of the screen there is a
small circular icon representing the event horizon, surrounded by a number of objects
created by the user. Apart from the event horizon icon, which is always located in the
middle of the screen and which cannot be moved or removed, the user can select and
move objects at will. The basic object selection, moving and editing capabilities are
illustrated in Figures 5 and 6.
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Figure 5. Object selection and moving

Figures 6a and 6b. Object name editing and note editing capabilities

The current implementation of Radius supports three user-level object types, illustrated in
Figure 7. Note objects contain text that can be edited freely by the user. Label objects are
one-line textual markers that can be added anywhere to provide further information to the
user. Apart from their names, always shown in boldface, labels do not store any other
information or have any other special meaning. Sink objects represent the subsinks of the
currently visible sink. New sink objects can be created to build hierarchical sink
structures. Creating subsinks is analogous to creating subfolders in a traditional graphical
file system.

Figure 7. Radius object types

The names of objects can be edited by tapping the name of the object. A simple dialog
box (illustrated in Figure 6a) will be opened to support name editing. By tapping the icon
of a note object, the user can open a simple text editor (Figure 6b) to edit the note. By
tapping the icon of a sink object, the user can open a subsink. The Radius system always
shows the contents of only one sink at a time. The user can move up in the sink hierarchy
by tapping the event horizon icon in the middle of the screen or by choosing the
corresponding menu item.
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Using the expand/compress functions. The expand/compress functions characteristic of
the event horizon user interface model have been integrated tightly into the user interface
of the Radius system. Normally the user operates these functions simply by pressing the
up and down keys available on the Palm connected organizer (Figure 8). However, it is
also possible to operate the functions by using menu operations. Both the expand and the
compress operation can be applied either to all the objects in the current sink or to
selected objects only.

Figure 8. The Palm hard keys used for expand/compress functions

The use of the expand operation is illustrated in Figure 9. The picture on the left shows
the initial situation. The picture on the right illustrates the situation after the user has
applied the expand function a few times. As can be seen, all the objects on the screen
have moved farther away from the event horizon, and there is now more room available
in the middle of the screen. In this example, there were no objects inside the sink. Had
there previously been objects inside the sink, those objects could potentially have become
visible again.

    
Figure 9. Using the expand operation

The use of the compress operation is illustrated in Figure 10. We assume that the initial
situation was the same as in the leftmost picture in Figure 9. The leftmost picture in
Figure 10 shows the situation after the user has applied the compress function a few
times. All the objects have moved closer to the event horizon, and some objects have
already disappeared from the screen. The picture in the center shows the situation after
the user has applied the compress function a few more times. Only one label is still
visible, while the other objects have been sucked in the event horizon. Finally, the
rightmost picture in Figure 10 shows a situation in which all the objects have disappeared
inside the event horizon. Even though the display now looks radically different from the
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initial situation, the user could restore the initial situation simply by applying the expand
operation multiple times.

    
Figure 10. Using the compress operation

Note that the Radius system uses different icons to visualize the state of the current sink.
In the current implementation, three different icons are used (Figure 11). A solid black
circle indicates that all the objects in the sink are currently inside the event horizon. A
“half-full” circle indicates that some of the objects in the sink are currently inside the
event horizon. An “empty” circle indicates that there are currently no objects inside the
event horizon.

Figure 11. Icons for indicating sink status

In addition to regular expand and compress operations, the current Radius
implementation also supports special functions called “expand fully” and “compress
fully”. The expand fully function allows the user to rapidly unfold the sink and bring the
innermost objects in the sink to the visible part of the screen. Conversely, the compress
fully function allows the user to rapidly view the outermost objects of the sink, and pack
the rest of objects into the sink.

Figure 12. Object info display
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Additional user interface features. The Radius system has an object info display that
allows the user to view information about the current sink or selected objects (Figure 12).
The information about the objects is calculated recursively starting from the current sink
or selected objects, allowing the user to see the total number of sinks, notes and labels, as
well as the total amount of text stored in these structures. In addition, the display also
shows the number of objects that are currently located inside and outside the currently
visible sink.

In order to provide compatibility with standard Palm OS applications, the Radius system
includes import and export capabilities for moving data between Radius and the Memo
Pad application. The import and export dialogs are shown in Figure 13. The Radius
system keeps track of changed notes, so that it is possible to export only those notes that
really have changed since the last export. A number of other options for importing and
exporting data are provided.

Figure 13. Import and export capabilities

Implementation. The Radius system has been implemented in C/C++ using the
Metrowerks development environment for Palm OS. The source code base contains about
9200 lines of well-commented code, and the executable size is currently approximately
34 kilobytes. The implementation utilizes the Palm OS database manager, graphics APIs
and event handling mechanisms extensively, but the overall application architecture is
intended to be portable across a number of devices and platforms.

The Radius user interface implementation is based on the Model-View-Controller (MVC)
design paradigm familiar from the Smalltalk-80 programming environment [GoR83].
Event handling (Control) has been separated from display management (Views) and
database management (Model). The main controller utilizes a simple state machine for
implementing drag-and-drop support, object selection and other features on top of the
Palm event handling mechanisms.

With the exception of a few temporary variables, everything in the Radius system is a
persistent object. A simple persistent object storage system has been implemented on top
of the Palm OS database manager. The database supports two basic kinds of objects:
primitives and application objects. Primitive data types include strings, simple object
lists, and arbitrary data blobs. Application data types include sinks, notes and labels.
Application objects are composed using the primitive types, and objects refer to each
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other simply using Palm database record numbers. A number of predefined objects in the
database have been created for persistently storing session information, object selection
information and some user interface option flags.

5. Experiences

The Radius application has been in everyday use by a number of users for several months
now. The application has generally proven to be useful and reliable. Notably the database
part of the system has been very stable. The largest databases used so far have contained
several thousands of objects and hundreds of notes storing hundreds of thousands of bytes
of text. During the development of Radius, only a few small changes to the database
structure were made after the initial version of the system was created.

The user interface of the Radius system has undergone some evolution and refinement.
For instance, in the first versions of Radius it was very difficult to arrange objects on the
screen in an aesthetically pleasant fashion. This was because the pen coordinates returned
by the Palm OS are not 100% precise, but tend to vary by a few pixels even when holding
the pen in a steady position on the screen. The problem was fixed by implementing an
auto-align option using an invisible 8x8 pixel grid: Whenever the user moves an object,
the system will automatically place the object at the nearest location on the grid if this
option is turned on.

One potential problem of the event horizon user interface model is the behavior of objects
near the event horizon. For instance, what should happen when a number of objects come
close to the event horizon and start overlapping each other, or when objects have long
names that reach from the left side of the screen to the right side of the screen? After
exploring a number of solutions, such as sucking objects in “partially” or utilizing simple
animation and sound effects to denote the proximity of the event horizon and collisions of
objects, we decided to keep the implementation simple. When objects come close enough
to the event horizon, they simply disappear. The possible problems in selecting
overlapping objects are avoided by drawing the objects in the reverse order compared to
the selection order of objects, i.e., those objects that are drawn last will always be
searched first when selecting objects.

The solutions described above work well, and require no extra computing power when
drawing the objects—this is something that is very important on a low-power device such
as the Palm connected organizer. In spite of the simplicity of the implementation, the
performance of the compress and expand operations can still be inadequate with large
sinks that contain hundreds of objects. The Palm device simply does not have enough
computing power to process hundreds of database write operations very rapidly.

From the implementation viewpoint one of the trickiest things during the development of
Radius was to implement the radial movement efficiently in terms of both speed and
space. We wanted to avoid the use of floating point operations because these operations
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are not readily available on many small devices. For this reason, a simple integer
trigonometric package consisting only of a few short data tables and functions was
written. For efficiency, we also created a simpler implementation that moves objects in a
45º angle instead of truly radial movement. The resulting implementation is simple and
efficient with no coordinate granularity problems.

The Palm connected organizer proved to be a good platform for prototyping new user
interface concepts such as the event horizon model. The initial version of the Radius
system was completed in just a few weeks. This is partly because of the availability of
good development tools for the Palm platform but more importantly because of the easy-
to-use graphics and database support that have been built in the Palm OS. The built-in
database support makes it very easy to implement persistent applications—compared to
full-fledged personal computers which typically require an external, heavyweight
database system in order to be able to support persistent objects. The square screen of the
Palm device was also a perfect fit for the event horizon user interface model.

6. Conclusions

In this paper we have presented a new collapsible user interface model for displaying and
managing information on small computing devices. The new model is built around the
idea of an event horizon: a circular area in the center of the screen into which all the other
objects on the screen can be stowed in order to make more screen space available. Unlike
traditional user interfaces in which the user typically has to scroll in at least two
directions in order to see all the objects, the event horizon model requires only one
navigation dimension, making the model particularly well suited to devices that need to
be operated with one hand. The presented technique is general, and can be used in
combination with traditional user interface techniques such as the desktop metaphor and
hierarchical folders. Our current implementation of the event horizon model for the Palm
connected organizer was presented, followed by a brief discussion on our experiences
with the model.
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