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The present invention relates generally to proces-
sor controlled machines such as computers and more
specifically to user interfaces for allowing a user to in-
teract with the machine.

Afrequentuse of a processor-controlled machine
such as a computer is to communicate information to
a user of the machine and accept information fromthe
user, thereby allowing the user to perform a specified
task. Depending on the task at hand, the user will of-
ten make use of a task-specific application program
such as a word processor (sometimes referred to as
a text editor), a spreadsheet, a database, oradrawing
program (sometimes referred to as a graphics editor).
A reference to a specific type of program or editor is
not intended to imply a stand-alone application pro-
gram having only the particular functionality, since
many programs have mare than one type of function-
ality.

A typical application program consists of a set of
instructions (the "application") that are executed in
response fo input signals to create and modify asso-
ciated data (sometimes referred to as the underlying
data). In many instances, this associated data is stor-
ed on a disk as a data file (sometimes referred to as
"the file"), and portions are read into memory during
program execution. For at least some applications,
the data represents a document that is to be viewed
(e.g., printed or displayed on a screen), and the ap-
plication allows a user to modify the document.

In many instances, a user provides at least some
of the input signals through one or more input devices,
often a keyboard and a pointing device such as a
mouse. By way of background, a mouse is a device
that is moved over a work surface, typically next to
the keyboard, and provides position signals so as to
cause a cursor on the screen to move in accordance
with the mouse’s movements The cursor is a special
symbol that is used by an interactive program as a
pointer or attention-focusing device. The mouse con-
tains one or more pushbutton switches ("buttons™) to
provide additional input signals, which may be inter-
preted as part of a cursor event.

A display device, typically a visual display device
such as a cathode ray tube (CRT) or a liquid crystal
display (LCD), provides the user with information
about the application and the underlying data, and al-
lows the user to generate appropriate input signals
and thus control the operation of the machine to pro-
duce the intended work product. The combination of
input devices, display devices, and the nature of the
information that the application provides the user may
be thought of as the user interface to the application.

Although it is in principle possible for every appli-
cation program to be entirely self-sufficient, it is al-
most universally the case that the application pro-
gram executes in conjunction with an operating sys-
tem ("OS"). The OS is a program that schedules and
controls the machine resources to provide an inter-
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face between the application programs and the ma-
chine hardware. The OS typically provides the basic
housekeeping functions that all application programs
are likely to require, such as maintaining a file sys-
tem, scheduling the CPU, receiving input from input
devices, communicating with storage devices, send-
ing data to display devices, and providing a generic
mechanism according to which a user can manage
files and cause various applications to execute. Inthe
world of personal computers ("PCs") and worksta-
tions, operating systems are often associated with a
particular type of hardware configuration, but this is
not necessarily the case. Unix is an example of an OS
that has been ported to run on many types of ma-
chine.

One type of operating system that has come into
increasing use in recent years provides a graphical
user interface ("GUI"). Apple Computer’'s Macintosh
08, IBM's 0S/2, and Microsoft's Windows (actually a
GUI shell that runs on top of a character-based oper-
ating system known as DOS) are the bestknown GUls
in the PC realm. The Macintosh OS has to date been
available only on Apple’s own Macintosh PCs based
on the Motorola 680x0 family of microprocessors
while O8/2 and Windows have only been available on
so-called IBM-compatible PCs based on the Intel
80x86 family of microprocessors. This trend is in the
process of changing, with Microsoft's Windows NT
having versions capable of running on more than one
type of microprocessor.

One relevant aspect of a GUI is that an open file
for a given application is typically given a window,
which is a movable and resizable region on the
screen. The OS can have its own windows showing
directory structures, with files and applications pos-
sibly being represented by icons (small graphical ob-
jects representing actions or items). There may be
other windows that do not correspond to open files.
An advantage of a GUI is that it provides a rather con-
sistent user environment across applications. Some
GUls allow multiple applications to be open at the
same time.

Regardless of the type of OS, the application pro-
gram, with varying amounts of help from the OS, typ-
ically provides the user with a visible representation
{sometimes referred to as the "screen image" or the
“display image") of the underlying data. The user acts
on the visible representation, and the program trans-
lates these actions to operations on the underlying
data. As used herein, the term "visible representation"
will refer to the visual representation of the underlying
data not only for application programs, butfor all kinds
of programs, including the OS and various types of
utility programs.

For example, in a word-processor, the underlying
data consists of text with associated information
specifying how the document will look when it is print-
ed out on a printer. The associated information relates
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to document layout such as paragraphs and columns,
and to text attributes such as font, size, style, and col-
or. Depending on the particular wordprocessor and
the operating systern, the screen image may be lim-
ited to the text content, or may show the document
substantially as it will appear when printed (WYSI-
WYG - pronounced "wizzywig," an acronym for "what
you see is what you get”). A program designed for a
character-based OS such as DOS is likely to provide
something approaching the former, one designed for
a GUL is likely to provide something approaching the
latter.

A similar range of possible screen images will be
found in other types of application programs. For ex-
ample, in a drawing program, the underlying data will
contain a description of each graphical object that will
appear on the document. The description includes
what is needed to give the object its intended appear-
ance, including shape, size, line color and thickness,
fill color and pattern, relative position in the plane of
the document, and stacking order (whether the object
is in front of or behind other objects). The screen im-
age may show only the outlines of the objects (wire-
frame view) or may be a full WYSIWYG view.

Regardless of the type of application, the user
manipulates input devices with reference to the
screen image in order to effect desired changes. This
is typically done by placing a cursor at a particular
position on the screen that comresponds to the dis-
played location of an object to be modified, and exe-
cuting one or more user events such as keystrokes or
mouse actions. Mouse actions include button depres-
sion, button release, mouse movement, clicks, and
drags. Amouse click refers to the user depressing and
releasing one of the buttons without maving the
mouse, but the term is also used to refer to the act of
depressing one of the buttons. A drag (or sometimes
click-and-drag) refers to the user positioning the cur-
sor with the mouse, depressing one of the buttons,
moving the mouse to a new position with the button
still down, and releasing the button at the new loca-
tion. The effect of mouse button depressions, mouse
button releases, clicks, and drags may be modified by
holding down a keyboard key or a different mouse
button (if present).

For example, placing a cursor at a particular lo-
cation in a word processor image may operate to in-
sert typed text at that location. Dragging the cursor
over a portion of the displayed text may select the text
(shown on the screen as highlighted) so that the user
can apply an operation (such as deleting, moving, or
changing the font) to the selected text by some other
mechanism. Depending on the application and the
desired operation, the mechanism may be selecting
the operation from a menu or entering a command
from the keyboard.

Similarly, in a drawing program, the cursor can
be placed in a mode by clicking on a tool icon (e.g.,
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rectangle tool, line tool, polygon tool) so that subse-
quent clicks and drags with the cursor result in the
creation of graphical objects. Clicking on an existing
object with a plain cursor may result in selecting the
object so that an operation may be applied via some
other mechanism. If a drag is initiated with the cursor
on an object, the result of the drag may be to cause
the object to move along with the cursor, or may be
to cause the object to be resized, depending on the
cursor location on the object.

For users to be more productive, they should be
provided with tools that are relatively easy to learn,
easy to use, and powerful. These goals are some-
times easy to achieve individually, but rarely in com-
bination. Nevertheless, considerable efforts have
been expended in attempts to design user interfaces
that are more intuitive, efficient, and versatile, The
example discussed below, taken from the realm of
drawing programs, shows the direction in which some
of these efforts have led, and the way that improving
one aspect of a user interface can degrade another.

A commoen configuration for drawing programs
has a fixed tool palette to one side of the drawing area
and a menu bar above the drawing area. To change
tools, the user moves the cursor to the palette, clicks
on the icon for the desired tcol, and moves the cursor
back to the appropriate location in the drawing area.
To effect a desired operation on a desired object, the
user moves the cursor to the object, clicks the object
to select the object, moves the cursor to the menu bar,
depresses the mouse button to pull down the menu,
drags to the desired menu item, and releases the
mouse button. The user then moves the cursor to the
drawing area, to another item in the menu bar, or to
the tool palette. This is a lot of mouse movement for
even the simplest actions.

Tear-off menus and movable tool palettes allow
the user to position what amount to permanently open
menus and the tool palette near the area where draw-
ing is actively occurring, and thereby reduce the
length of mouse travel. Tear-off menus and movable
palettes have made drawing more efficient in the
sense of reducing the distances the user has to move
the cursor, but have made it less efficient in another.
They tend to take up a lot of the drawing area, espe-
cially near where the user is drawing. This can result
in the user’s constantly having to interrupt the draw-
ing tasks to move the menus and palettes out of the
way. This difficulty is compounded by the fact that as
programs have gotten more powerful (greater func-
tionality), the menus have grown longer and take up
even more area. Unfortunately, this example of the
trade-offs encountered in trying to meet the above
goals is far from rare.

The present invention provides a user interface
technique that allows a user to perform many com-
mon tasks with fewer actions, thereby significantly
enhancing productivity. The technique makes use of
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actions with which the user tends to be familiar, and
therefore may be learned rather quickly The invention
may be implemented in the context of a single pro-
gram, or may be incorporated into the operating sys-
tem so as to be available across different programs,
including the operating system.

The invention operates in the environment of a
processor-controlled machine for executing a pro-
gram that operates on a set of underlying data and
displays a visible representation thereof. The inven-
tion is characterized by generating a visual depiction
of a movable sheet having a number of delineated re-
gions (active areas), responding to a first set of sig-
nals for positioning the sheet relative to the visible
representation, responding to a second set of signals
characterized by position information (typically cursor
position) relative to the sheet and the visible repre-
sentation, and generating a third set of signals to the
program, where the third set of signals depends on
the relative position of the sheet and the visible rep-
resentation and on the position information that char-
acterizes the second set of input signals. As used
herein, the term "visible representation" refers to the
visual representation of underlying data produced by
a program, which may be an application program or
any other type of program, including the OS.

In some embodiments, the user specifies opera-
tions to the program using a set of input devices and
views the results of those operations on a display de-
vice. The input devices typically include a number of
user-actuated devices, which the user actuates to
cause the generation of the first and second sets of
input signals The delineated regions on the sheet
specify different operations that can be applied to the
underlying data via the visible representation. The de-
lineated regions may be thought of and referred to as
tools (or clickthrough tools); the visible representation
may be thought of and referred to as a workpiece.

A desired operation is performed by bringing the
appropriate tool and the relevant portion of the visible
representation into an overlapping relationship, and
performing a further act (such as a mouse click within
the tool) to effect the operation. This mode of opera-
tion, where the tool is brought to, and then applied to
the workpiece, allows the user to concentrate on the
interaction of the tool and the workpiece.

In most cases, the sheet will be transparent and
appear as if it is overlying the visible representation.
It should be understood, however, that the invention
may be practiced with the sheet of tools appearing as
if beneath the visible representation, as long as the
visible representation is at least partially transparent
so thatthe tools can be seen through it. In either case,
the sheet will be referred to as the “overlay.”

In general, the overlay can be larger than the dis-
play area, and relevant tools brought into the display
area when needed. In specific implementations, tools
will be grouped according to the nature of their func-

10

15

20

25

30

35

40

45

tions. The overlay is preferably scalable as it is posi-
tioned, thereby adapting to different display sizes and
allowing the user to make the most effective use of
the tools. A visible indicium, such as an icon or text
that describes the tool function, may be associated
with a tool or group of tools where the tool function is
not self-evident. This allows the user to quickly posi-
tion the correct tool. Since the overlay (with the pos-
sible exception of the indicia and the tool borders) is
transparent, the user can keep focused on the work-
piece as the tool is brought fo bear.

In some embodiments, the user can customize
the overlay to satisfy personal preferences and opti-
mize efficiency. At the most basic level, this would in-
clude organizing the tools in a manner that makes log-
ical sense to the user At a more powerful level, the
user can create new tools to provide new functionality
or to facilitate the performance of frequently per-
formed specialized tasks. For example, tools can be
combined (e.g., superimposed) to provide compound
functionality, or can be caused to extract attributes
from the underlying data so as to facilitate subse-
quent actions related to those attributes.

In an embodiment of the invention that operates
in the context of a drawing program, where the visible
representation is a representation of a set of graphical
objects, the overlay may include tools for creating ob-
jects, and tools for copying, modifying, and deleting
existing objects. In a hardware configuration where
the set of input devices includes a pointing device
such as a mouse, a typical operation would entail
positioning the tool at an appropriate location relative
to the visible representation, and clicking through the
tool at an appropriate location in the visible represen-
tation. It is not necessary to position the tool precise-
ly. In the case of an object creation tool, all thatis nec-
essary is that a portion of the tool overlie the intended
location of the object to be created. In the case of an
object modification tool, all that is required is that a
portion of the tool overlie at least one selectable por-
tion of the object to be modified. If the user clicks
through the object modification tool on a region de-
void of objects, the program can ignore the action, or
can interpret the action as setting a default value.

An important aspect of certain embodiments of
the present invention is that the user can make ex-
tremely effective use of the non-dominant hand (e.q.,
aright-handed user’s left hand) Except during typing,
user interfaces based on mouse and keyboard make
poor use of a user's non-dominant hand. The domi-
nant hand participates actively in tasks while the non-
dominant hand is relegated to occasionally holding
down maodifier keys. The present invention allows the
non-dominant hand to participate more equally in the
interaction by providing a positioning device, such as
a trackball, to position the overlay, and having the
user operate the positioning device with the non-dom-
inant hand. As mentioned above, the overiay does not
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have to be positioned precisely. By superimposing
tools over displayed objects, the non-dominant hand
can simultaneously select both a command and po-
tential operands. The dominant hand applies the com-
mand by making a detailed operand selection, e.g., by
clicking or dragging on an object through the tool. The
resulting two-handed interactions typically reduce
the steps needed to perform editing tasks.

Afurther understanding of the nature and advan-
tages of the present invention may be realized by ref-
erence to the remaining portions of the specification
and the drawings.

Fig. 1 is a block diagram of a computer system

embodying the present invention;

Fig. 2 shows how the underlying data for the pro-

gram and for the overlay are converted to a visi-

ble representation;

Fig. 3 shows how input signais to the overlay are

converted to procedure calls;

Figs. 4-32 are single views or sequences of views

showing the operation of a number of tools includ-

ing clickthrough tools;

Fig. 4 shows a shape creation tool;

Fig. 5 shows a particular use of a shape creation

tool;

Fig. 6 shows a delete, move, and copy tool;

Fig. 7 shows a color palette tool;

Fig. 8 shows a type style palette tool;

Fig. 9 shows a symmetry clipboard tool;

Fig. 10 shows a tool for transferring object attri-

butes;

Fig. 11 shows a tool for transferring graphical

shapes;

Fig. 12 shows a vertex selection tool;

Fig. 13 shows an attribute gesture tool;

Fig. 14 shows a color and shape creation gesture

tool;

Fig. 15 shows an alignment line tool;

Fig. 16 shows a shape placement tool that snaps

to objects;

Fig. 17 shows a rotation tool;

Fig. 18 shows a rotation, scaling and skewing

tool;

Fig. 19 shows a tool for activating alignment ob-

jects;

Fig. 20 shows a grid tool;

Fig. 21 shows a custom grid fool;

Fig. 22 shows a geometric measurement tool;

Fig. 23 shows a text format revealing tool;

Fig. 24 shows a gesture-interpreting tool;

Fig. 25 shows a control handle tool;

Fig. 26 shows a debugging tool;

Fig. 27 shows a numeric keypad tool;

Fig. 28 shows a text creation and text rotation

tool;

Fig. 29 shows a figure labelling tool;

Fig. 30 shows a tool for loading documents into

windows;
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Fig. 31 shows a tool with handles for moving,

copying, and deleting the tool;

Fig. 32 shows how tools may be composed to cre-

ate new tools;

Fig. 33 is a flowchart of the user input routine for

a particular implementation;

Figs. 34A-34C show a hierarchy of applications,

a screen representation thereof, and the event

delivery order therefor;

Fig. 35 is a flowchart of the Event to Application

routine for the particular implementation;

Fig. 36 is a flowchart of the Event to Overlay rou-

tine for the particular implementation;

Fig. 37 is a flowchart of the Event to Tool routine

for the particular implementation;

Figs. 38Aand 38B show a command that includes

a request for data;

Fig. 39 shows the event delivery order for a

screen redraw; and

Fig. 40 shows the portion of the hierarchy for the

redraw.

The detailed description given below is organized
as follows. Section 1 provides a system overview and
provides a high-level! structural and procedural de-
scription of the overlay of the present invention in-
cluding click-through tools and twohanded operation.
Section 2 describes a number of examples of the
types of tools that are possible, with an emphasis on
click-through fools. Section 3 describes some strat-
egies for organizing, modifying, and creating tools on
a sheet or sheets of the overlay and some general
techniques for using the overlay that work across a
range of different types of tools. Section 4 describes
a current implementation of the overlay. Section 5 de-
scribes some of the advantages of the overlay over
existing techniques. Section 8 concludes the descrip-
tion. Section 7 provides a list of articles mentioned in
the specification.

1.0 System Overview

Fig. 1 is a block diagram of a computer system 10
embodying the present invention. In accordance with
known practice, the computer system includes a proc-
essor 12 that communicates with a number of periph-
eral devices via a bus subsystem 15. These peripher-
al devices typically include a storage facility including
a memory 17 and a file storage system 20, a number
of input devices, and a display 22 device having an
active display area 23. The file storage system stores
program and data files, and typically includes such
standard devices as hard disk drives and floppy disk
drives, and possibly other devices as CD-ROM drives
and optical drives.

In this context, the term "bus system is used gen-
erically so as to include any mechanism for letting the
various components of the system communicate with
each other as intended. With the exception of the in-
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put devices and the display, the other components
need not be at the same physical location. Thus, for
example, portions of the file storage system could be
connected via various long-distance network media.
Similarly, the input devices and display need not be
at the same location as the processor, although it is
anticipated that the present invention will most often
be implemented in the context of PCs and worksta-
tions.

The input devices are for the most part standard,
including a keyboard 25 and one or more pointing de-
vices. Amouse 27 and a trackball 30 are shown, but
other devices such as touch screens, graphics tab-
lets, or electronic styluses could be used. While there
may be instances in conventional systems where
there are more than one pointing device, the normal
situation is that the user uses only one such device
at a time. The present invention derives significant
advantages by providing the user with two such de-
vices, one for each hand, for simultaneous or alternat-
ing use. For purposes of concreteness, mouse 27 is
shown as having three buttons 32, while trackball 30
is shown as having a ball 35, three buttons 37, and a
thumbwhesel 40.

The invention can be described at a high-level
user point of view with reference to the illustrated con-
tents of display area 23. The display shows a first ap-
plication window 50 for a drawing program and a sec-
ond application window 52 for a word processor. The
drawing window is shown as having three graphical
objects, a rectangle, an ellipse, and a pentagon; the
word processor window is shown as having text. An
arrow-shaped cursor §5, the position of which is con-
trolled by mouse 27, is shown as positioned on the
outline of the rectangle in the drawing window, as
might be the case when the user selects the rectangle
in preparation for performing a desired operation on
it. This is a representative arrangement, for example
one that might occur where the user is drafting a pa-
tent specification and creating patent drawings. De-
pending on the computer and the task at hand, there
could be a single window occupying the whole display
area, or many windows, possibly with some overlap-
ping.

The computing environment and the contents of
the display area, as described above, are standard.
The present invention adds another aspect to the en-
vironment, a movable transparent overlay having a
number of delineated regions 60. The delineated re-
gions are shown as a plurality of abutting rectangles
in a multi-element grid, but as will be discussed be-
low, the delineated regions need not abut each other.
Moreover, there need not be a plurality visible on the
display at the same time. As an aid to distinguishing
the delineated regions on the overlay from the re-
maining items in the display area, items on the over-
lay are shown in solid lines and the application win-
dows and graphical objects are shown in broken lines.
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As will be described below, the overlay preferably
carries indicia (such as icons or text) specifying the
significance of the particular delineated regions.
Therefore, while the overlay is referred to as being
transparent, it should be recognized that the need to
delineate regions on the overlay means that the over-
lay may have some opaque or semitransparent por-
tions.

If a given delineated region is positioned over a
portion of the display, and an action taken in that re-
gion, the action takes on an attribute of the particular
delineated region. Thus each delineated region may
be thought of as the active region (or active area) of
a tool that can be brought to a relevant portion of the
display area and applied to that portion. Given the na-
ture of the way such toocls are applied, the tools are
sometimes referred to as click-through tocls. While
much of the description that follows treats the overlay
as a single transparent sheet, the overlay may com-
prise what appear as a plurality of relatively movable
transparent sheets, each having a number of semi-
transparent tools on it.

Having the tools appear on top of the objects to
which they are to be applied seems the most intuitive
approach, and that approach is what will generally be
assumed. However, there may be certain special cir-
cumstances that warrant the opposite stacking order.
For example, there may be certain applications where
it is critical that none of the application objects be ob-
scured, even by the markings on the overlay. This can
be accommodated by having the application appear
as transparent and having the overlay appear behind
the application. As will be described in a later section,
the underlying operation of the overlay program will
tend to be the same either way. Therefore, the term
"overlay" will be used to refer to the collection of tool-
bearing sheets, whether they appear above or be-
neath the other items in the display area. In some in-
stances, it may be desirable to allow the user to switch
from one stacking order to the other.

Although there are many ways for the user to pos-
ition the overlay relative to the display area, it is pre-
ferred that this be done with the user’s non-dominant
hand using trackbalt 30. Rectilinear positioning may
be accomplished by rotating ball 35 while other oper-
ations may be effected with buttons 37. Resizing the
overlay and its contents may be accomplished by ro-
tating thumbwheel 40.

The click-through tools and the overlay represent
elements of a new user interface, but may also be
used in conjunction with standard interface elements.
By way of example, a stylized tool palette 82 of the
type used in many prior art programs is shown. De-
pending on the program and the OS, tool and attribute
palettes for a given program may be rigidly fixed in
that program’s window, or may appear as a separate
window that is movable relative to other windows for
the program. While the detailed description of overlay
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tool examples in the following section deals in large
part with click-through tools, conventional tools, such
as those in palette 62, can be incorporated onto the
overlay and moved along with other tools on the over-
lay. Palette 62 is shown in solid lines, suggesting that
it is on the overlay. The conventional tools can share
one or more overlay sheets with click-through tools,
or can be segregated on a separate overlay sheet.

Fig. 2 is a flow diagram showing how the various
data items stored in memory 17 orfile storage system
20 are processed so that they appear in display area
23. The program’s underlying data, designated 70, is
typically stored in each program’s native format,
which is a characteristic of the program, and is pre-
sumably optimized for that program’s operation. The
data is subjected to processing by a renderer 72,
which converts the data to an image data structure 73
that specifies what is to appear on the display. There
are a number of possible formats; for example, image
data structure 73 can be a bitmap or a set of com-
mands in a language such as Display Postscript or
Quickdraw. Regardless of the details, the image data
structure must contain sufficient information that it
can be rasterized (if not already a bitmap) at the dis-
play resolution or otherwise processed for viewing on
the display.

The averlay is characterized by a similar hierar-
chy wherein the overlay's underlying data, designat-
ed 75, is processed by a renderer 77, which converts
the data to an overlay image data structure 80. The
two image data structures are combined at what is
shown schematically as a summing node 82, and con-
verted to the final display image, designated 83. The
particular technique for combining the image data
structures should ensure that the overlay appear as
a transparent sheet with opaque or partly transparent
indicia. As will be discussed below, the overlay may
include what are referred to as visual filters, or may
include tools that incorporate visual filters. In such
emboediments, the summing node can also operate to
distort or filter portions of the display image. The spe-
cifics of the overlay configuration and appearance
will be described below in connection with a descrip-
tion of various tool embodiments.

The see-through interface of the present inven-
tion requires relative positioning of three conceptual
user interface layers: a cursor layer, an overlay layer,
and an application layer. The cursor layer, at its mini-
mum, is defined by a distinguished point in the plane
(a cursor position), along with one or more visible ob-
jects that move rigidly with that distinguished point.
The overlay layer, at its minimum, includes a set of
tools that move together in a coordinated fashion. The
application layer includes one or more programs with
visible representations. Each of these layers may in
turn consist of sub-layers. For example, the cursor
may carry a drag-and-drop object with it; the tools of
the overlay may be made by layering simpler tools on
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top of each other, and the applications may overlap
as in an overlapping window system.

Fig. 3 is a flow diagram showing the relation
among these three layers and the communication be-
tween the overlay, designated 85, and application
programs 87 and 88 (also referred to as applications
#1 and #2). The communication between the overiay
and the applications is the same, regardless of wheth-
er the overlay tools appear above the visible repre-
sentation or below it.

When triggered, the overlay tools deliver com-
mands, which may include arbitrary data structures,
to the applications An application may respond to the
command by changing its own data structures, and
may also respond by returning data to the overlay. In
addition, whenever requested to paint itself, the ap-
plication responds to the overlay by providing infor-
mation about its visual representation (current ap-
pearance on the screen). The overlay may modify
this visual representation (e.g., using visual filters)
before presenting it to the user.

The figure also shows a reverse path from the ap-
plications to the overlay since the applications return
data to the overlay in response to certain commands.
Aithough the specific example discussed below deals
with the operation of a click-through tool, the basic de-
scription applies to conventional tools on the overlay.

The overlay software operates in conjunction
with a window manager 92. The window manager,
which may be part of the operating system, draws
window frames and oversees the creation, move-
ment, resizing, and destruction of windows on the dis-
play. The window manager takes raw input signals
from the input devices, routes the signals to the cor-
rect application (typically the one whose window is
frontmost under the cursor) and translates the posi-
tion information into coordinates expressed in the ap-
plication’s coordinate system. The window manager
also provides information to the application as to
where to draw the window contents.

Input signals to the overlay may be raw input sig-
nals from the OS (e.g., mouse event coordinates) or
may be provided by a drag-and-drop object or by an-
other application. Additionally, for those embodi-
ments that allow the superposition of overlay tools,
the input signals may come from what may be viewed
as another overlay. An additional set of input signals
{not explicitly shown) to the overlay include the sig-
nals for positioning the overlay relative to the visible
representation.

In the illustrated embodiment, the input signals
are translated into commands in a universal lan-
guage, which are then directed to a translator for the
appropriate application. Where the input signal had
position information causing commands to be routed
to application #1, the commands encounter a trans-
lator 93 that converts some of them to commands in
the input language of application #1, and some of
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them directly into calls on the procedures of applica-
tion #1. Commands in the application’s input lan-
guage are directed to a parser 95, which converts
them into procedure calls. The drawing also shows
the case where the input signal pertains to application
#2, in which case the universal language commands
are directed to a translator 97, and possibly then to a
parser 98 to generate calls to the procedures of ap-
plication #2.

The following is an example of the conversion of
a command in a universal language to commands in
either of two application languages. Consider the ex-
ample of a paint program that operates on bitmaps
and a draw program that operates on vector objects.
Further consider the case where the overlay tool that
is under the cursor specifies changing an entity’s col-
or to red. Typically a command will include an opera-
tor, a set of position information, and possibly one or
more parameters. Examples of commands in the uni-
versal language could include the following:

SetColor < x, y > red,
SelectCorner < x, y >, and
Scale<x,y><x,y" >20.

Consider the SetColor command. For the paint
program, which operates on pixels, the cursor posi-
tion provides all the position information necessary to
determine the required action, and a single command
is all that is needed The relevant single command in
the paint program’s language might be the following:

SetColorPixel < x, y > red.
For the draw program, it would first be necessary to
determine, on the basis of the cursor position, which
object is selected, and then apply the color to that ob-
ject. The relevant command sequence in the draw
program’s language might be the following:

SelectObject <x,y >

SetColorSelectedShape red.
If the operation had been performed with a conven-
tional tool on the overlay for setting the selected ob-
ject to red, the command sequence would be the
same, but would have come about in two stages, first
when the user had selected the object in the conven-
tional way, and then when the user clicked on the red
button in the conventional color palette.

Avariation on this arrangement would be to have
the overlay and the application translators tightly
coupled so as to avoid the conversion of input signals
to commands in a universal language. Rather, the
overlay would have to maintain information as to
which applications it supported, and would transiate
input signals directly into the appropriate application’s
input language.

2.0 Overlay Tool Examples Overview

For the overlay to be useful, it must contain a set
of tools that help the user make use of an application.
A number of these tools are described below. Some
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of them are novel in their own right. Others are novel
only in the context of the overlay. Most of the tasks
performed by the nondominant hand can also be per-
formed by the dominant hand, at the cost of having
the dominant hand interrupt its current task. There
are, however, certain tasks that require the use of
both hands. Many of the tools described below are
clickthrough tools. As alluded to above, the term re-
fers to the fact that the tool is applied by clicking
through the tool on a visible portion of the visible rep-
resentation.

These tools have a number of interesting proper-
ties including the following. They often allow several
interaction steps to be collapsed into one. The user’'s
eyes need never leave the work area. The interface
is direct, visual, and, with carefully chosen tools, easy
to learn. The user’s nondominant hand is responsible
only for coarse positioning; fine positioning is done
with the hand that holds the mouse. The examples are
primarily directed to a drawing program (graphical
editor) environment with tools for creating, modifying,
and deleting graphical objects in a scene.

The operation of most of the tools will be descri-
bed in connection with a figure that includes a series
of views, indicating the appearance of the drawing
scene, and in some cases that of the tool, at the dif-
ferent stages of the operation. For some of the exam-
ples, a given operation using a tool of the present in-
vention will be contrasted to the same operation us-
ing conventional drawing program tools and techni-
ques. With the exception of Figs. 8, 13, and 23, ob-
jects in the scene are drawn in dashed lines and over-
lay tools are drawn in solid lines, consistent with the
convention adopted in Fig. 1.

References to a specific type of program or editor
are not intended fo imply stand-alone application pro-
grams. In fact, many so-called drawing programs
have very sophisticated text handling capabilities,
and many so-called word processors have powerful
drawing modules. The demarcation is further blurred
by integrated program packages (so-called "works"
programs) that provide the functionality of many
types of program in a single program. Accordingly,
reference to a given type of program should be taken
as a reference to a program having the stated func-
tionality, whether marketed as a drawing program, a
word processor, a database program, or a spread-
sheet.

A number of the tools are described in conjunc-
tion with a graphical editor that supports a feature re-
ferred to as "snap-dragging " This refers to a gravity
technique described in the Bier and Stone paper on
snap-dragging [*Bier86]. In connection with this tech-
nique, a special point, referred to as the "caret," snaps
fo gravity-active locations, such as object corners,
and other objects, as they are drawn, may snap to the
caret.

The terms "button," "menu,” and "palette” are
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used in connection with a number of the tools to be
described below. The terms are used in general ac-
cordance with their known meaning, but some depar-
ture is sometimes necessary in view of the fact that
the overlay of the present invention imbues these
otherwise familiar devices with new properties. In
general, a button refers to a defined area on the dis-
play, which when clicked, causes an operation to oc-
cur. Some of the buttons used in the overlay aliow the
user to control the particular result by clicking at a par-
ticular location on the button. In general a menu (of-
ten preceded by the adjective "pull-down" or "pop-
up") is a list of items or properties that the user can
select by clicking the menu bar or menu icon and
dragging to the desired item. The term palette refers
to a visible collection of buttons where one or more
can be selected by clicking.

Atear-off menu, in effect, substitutes a palette for
a puli-down or pop-up menu. Thus, menu selection in-
volves the single step of selecting the menu item,
rather than the compound step of selecting the menu
from the menu bar, and then selecting the menu item.
The term "palette menu” is used below to denote a pa-
lette or tear-off menu that is movable with the non-
dominant hand, and so can be brought into the work
area and then moved away without distracting the
user from the main task at hand.

Some of the specific tools described below make
use of what is referred to as a visual filter, a filter, or
alens. Each filter is a screen region, called a viewing
region, {ogether with an operator, such as operations
that magnify, render in a wireframe style, or reveal
the hidden equation in a spreadsheet cell, performed
on shapes viewed in that region. These filters gener-
alize to many representations other than pixels and to
many operations other than magnification. To pro-
duce their visible output, these filters may make use
of the original application data structures from which
the current visual representation is produced. Thus,
these filters can portray the application data struc-
tures in a substantially different format, highlighting
information that was previously more difficult to see,
suppressing information that is not currently relevant,
or even revealing information about parts of the data
structures that were not previously displayed Such
visual filters work in concert with overlay tools, par-
ticularly tools that perform operations relevant to the
parts of the data structures that are revealed or high-
lighted by the visual filters.

Visual filters may produce not only modified
views of application data structures, but also tempor-
ary overlay tools, positioned relative to particular ap-
plication shapes. The user may use these temporary
tools in the same way as other tools on the overlay;
for example, these tools may include buttons that the
user can click on, click through, or drag to cause com-
mands o be delivered to the underlying application.

When several filters are composed, the effect is
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as though the model were passed sequentially
through the stack of filters from bottom to top, with
each filter operating on the model in turn. In addition,
when one filter has otherfilters below it, itmay modify
how the boundaries of these other filters are mapped
onto the screen within its own boundary.

2.01 Pushing and Shaping Objects into the Scene

Fig. 4 shows how adding a new shape to a graph-
ical scene is done using a shape palette on the over-
lay. The user has coarsely positioned a circle on the
tool near a rectangle in the scene. When the user
pushes and holds the mouse button, a new circle of
that size is created in the scene, the overlay disap-
pears and the circle attaches its center (for instance)
to the cursor arrow for fine positioning. Using a grav-
ity technique such as snap-dragging [*Bier86], the
new circle can be placed so that its center lies exactly
on the corner of the rectangle. When the user releas-
es the mouse button the new shape is at its final pos-
ition, and the tool reappears, If the user had placed a
shape with several corners, such as a triangle, the
corner nearest to the cursor when the mouse button
went down would have been the point that attached
itself to the cursor.

In the previous example, the size of the object in
the menu determined its size when it was applied to
the application. In many situations, such as when se-
lecting lines, rectangles, circles, and other shapes,
one wants to select the generic shape and then spec-
ify its size and position. The overlay enables a novel
technique that takes advantage of the ability to use
both hands to perform the selection, positioning and
scaling tasks in a fluid, natural manner.

Fig. 5 shows a variation on rectangle creation that
allows all four edges of the rectangle to be placed at
once. Initially, the non-dominant hand has positioned
a rectangle on the tool over a rectangle in the scene.
The user clicks the tool rectangle with the mouse cur-
sor and depresses a mouse button to create a rectan-
gle of that initial size and position in the scene. The
tool disappears. The rectangle corner nearest the
mouse cursor snaps to that cursor. A new cursor ap-
pears at the opposite corner of the rectangle; the pos-
ition of this new cursor is controlled by the non-dom-
inant hand. Both corners of the rectangle can be posi-
tioned simultaneously and snapped into place using
snap-dragging. When the mouse button is released,
the rectangle is placed and the tool reappears. This
two-handed creation technique can be used to posi-
tion other shapes, including both endpoints of a
straight line segment, the center point and a circum-
ference point of a circle (allowing the circle to be si-
multaneously translated and scaled), two corners of
a triangle (allowing the triangle to be simultaneously
translated, rotated, and scaled).
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2.02 Click-Through Buttons

In most user interfaces, the text describing the
operation a button performs is placed within the ac-
tive region of the button itseif. However, on the over-
lay, it is often preferable to have a transparent active
region, with text, an icon, or other visible indicium in-
dicating the operation near the active region. This al-
lows the user to apply an operation to the objects that
are visible within the button. Each active region is re-
ferred to as a click-through button. Click-through but-
tons can also be used to pick up object properties.

Fig. 6 shows click-through buttons for Delete,
Move, and Copy operations, and the sequence of op-
erations for deleting an object (the ellipse) from the
scene. The user positions the overlay so that the De-
lete button is over a group of objects, while pointing
at one of these objects with the cursor. In certain im-
plementations, while the mouse button is down, the
system highlights the object that will be operated
upon if the mouse button is released at the current
time When the user releases the mouse button, the
selected object is deleted. While several objects inter-
sect the Delete button, only the object that the user
indicates with the mouse cursor is actually deleted.
This allows precise specification of operands. Also,
click-through buttons allow the user to select an op-
eration and an operand in a single two-handed ges-
ture. If the user had wished to perform a different op-
eration, a different click-through button could have
been used.

Fig. 7 shows an array of click-through buttons
used as a color palette, and the sequence of opera-
tions for changing the color of an object in the scene
(the pentagony). In this case each button is a rectangle
with a triangular region in the upper right corner des-
ignating the color (different colors are denoted by dif-
ferent hatch patterns). The user positions the part of
the color palette having the desired color over the
pentagon and clicks on it with a mouse. Although the
ellipse is also under the relevant button, only the pen-
tagon, which the user indicates with the mouse cur-
sor, has its color changed. (If the user clicks through
the button on a region devoid of objects, the program
could ignore the action, or could interpret the action
as setting a default value.) In a conventional drawing
program, the user would move the cursor to the object
whose color is to be changed (possibly after first per-
forming an action such as moving the cursor to the
tool palette to obtain the selection tool), click on the
object to select it, and move the cursor to a color pa-
lette or menu to select the desired color.

The color palette buttons are shown as abutting
each other, but they could be separated from each
other as in the case of the Delete, Move, and Copy
buttons. Further the colored regions on the buttons
are shown as opaque, but might just as well be trans-
parent. If the color regions are transparent, they can
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cover the entire button area. A similar array of click-
through buttons could be provided for changing the
outline color of an object. The color for a given button
could be denoted as above, but with the color only ap-
piied to the perimeter of the triangular region, or by
having the color applied to the entire perimeter of the
button.

Fig. 8 shows an array of click-through buttons
used as a property palette for setting the style of text
in a document. Each style (regular, bold, etc.) has an
active area on the tool. In this particular example, the
text describing the function of the button is located in
the active area. Selecting the text displayed in this
area changes its style. In the exampie shown, the
user is selecting text within the "bold"” button, with the
result that the selected text is converted to holdface.
The particular event that the program recognizes as
selecting text is not important, so long as the event
begins in the desired button. If the mechanism for se-
lecting text is dragging the cursor over the text to be
selected, the user would position the starting point for
selection in the active region, depress the mouse but-
ton, drag to complete the selection, and release the

~mouse button The fact that the cursor would likely be

outside the active region when the mouse button is
released does not matter.

2.03 Clipboards

Clipboard tools pick up shapes and properties
from underlying objects, acting as visible instantia-
tions of the copy and paste keys common in many ap-
plications. Clipboards can pick up entire objects or
specific properties such as color, dash pattern, or
font. They can hold single or multiple copies of an ob-
lect The objects or properties captured on the clip-
board can be copied from the clipboard by clicking on
them, as in the palette tools. In a sense, the object or
attribute that is picked up by a clipboard tool becomes
a part of the tool. This is but one instance of the gen-
eral feature, to be discussed in detail in a later sec-
tion, of allowing the user to customize the overlay.

Fig. 9 shows the operation of a symmetry clip-
board that picks up the shape that the user clicks on
and produces all of the rotations of that shape by mul-
tiples of 90 degrees. Moving the clipboard and click-
ing on it again, the user drops a translated copy of the
resulting symmetrical shape Clicking the small
square in the upper left corner of the clipboard clears
the clipboard so that new shapes can be clipped.

Fig. 10 shows a pair of tools that can both pick up
the graphical properties of an object and apply those
properties to other objects. The particular illustrated
sequence is transferring the color of the ellipse to the
rectangle. These tools can be thought of as rubbings
because their use is reminiscent of the paper sheets
and charcoal used to rub off words and text from
monuments. The user clicks on the ellipse through a
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rubbing sheet that is sensitive to the area color of ob-
jects, That area color is "lifted up” from the picture (or
really copied as the color of the circle is unchanged)
to become part of the rubbing sheet. Even part of the
shape of the circle is retained as a remainder of where
this color came from.

The user then takes the rubbing and positions its
circular tab, which acts as a property applicator, over
a rectangle. When the user clicks the mouse, the rec-
tangle takes on the color from the rubbing sheet. The
second rubbing sheet could be used to lift a second
fill color from a different object, making it possible to
store several colors for later application.

Fig. 11 shows the operation of a tool that allows
the user to copy a shape of an underlying object, and
then transfer selected portions of that shape back to
the application. The user clicks the object (in this case
a curve) through the tool, at which point the curve or
a copy of the curve becomes part of the tool. Later,
when the user is drawing a new shape, the tool can
be used in the manner of a French curve. Specifically,
the user positions the tool near a portion of the new
shape, clicks two points on the curve to specify which
portion of the curve is to be added to the new shape
(the specified portion may become highlighted or
change color), and the selected portion is added to
the nearest end of the new shape.

2.04 Click-Through Buttons with Visual Filters

In the click-through buttons shown above, the ac-
tive area of each button was completely transparent,
showing the objects underneath the button just as if
the button weren’t there. However, for many applica-
tions it would be advantageous to show a view of the
objects under the button that highlights information
needed to successfully perform the operation. This
can be accomplished using a visual filter, as descri-
bed above.

For example, in Fig. 12, the user is confronted
with a number of stacked rectangles and wishes to se-
lectthe upperlefthand corner of the middle rectangle.
This corner is hidden by the topmost rectangle, so it
is hard to point at. However, a tool having a Select
Vertex button shows a wireframe (line-drawing) view
of the picture that exposes this corner, making it easy
to select.

The combination of visual filters with the overlay
tools can be especially advantageous. In a conven-
tional drawing program, to produce a wireframe view
of the picture, the user would have to expl icitly evoke
a separate command. Once this command was given,
all objects would be drawn as wireframe drawings,
not just the objects to be operated upon. This might
lose context that is crucial to helping the user identify
the correct objects to operate upon. Here on the other
hand, the user summons a local viewing operation, an
editing command, and an operand all in a single two-
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handed gesture.

2.05 Combining the Overlay With Gestures

The overlay technique of the present invention
can be combined with just about any existing user in-
terface technique, and the combination may produce
a tool with interesting properties.

One such interface technique is the use of what
are referred to as gestures, which are typically one or
more strokes with a pointing device. A gesture is typ-
ically characterized by one or more feature points
(e.g., beginning and end points of the stroke path, in-
tersection point of two strokes).

For example, Fig. 13 shows operations using a
fool that combines single-stroke gestures and pie me-
nus with the overlay. The tool provides a central ac-
tive area (scene region) surrounded by a number of
attribute menu segments and a region for holding a
prototype object.

Initially the prototype object, which is part of the
tool, is a rectangle with a dashed outline and a first
fill color The user positions the central area of the tool
over a triangle in the scene having a solid outline and
a second fill color. By stroking {dragging the cursor)
from the triangle to the "Fill Color” menu region, the
user indicates that the fill color of the triangle should
be applied to the prototype object. At this point, the
prototype object has been recolored. However, this
pie menu can also be used in reverse to apply prop-
erties from the prototype object to scene objects. For
example, when the user strokes from the "Dashes"
menu region to the triangle, the dash pattern of the
prototype object is applied to the triangle.

Different pie menus could be constructed that al-
low not only individual properties, but arbitrary groups
of properties, or even entire shapes, to be applied to
the scene. For example, stroking from the prototype
objectregion to the scene region might either apply all
of the properties of the prototype object to the indicat-
ed object, or might copy the prototype objectitselfinto
the scene.

A pie menu that can be used from the center out,
or from the outside in, appears to be a novel invention
in its own right. However, it would not make much
sense out of the overlay context. Single-handed pie
menus pop up, centered on the beginning of a stroke,
once that stroke has begun [*"Hopkins91]. Thus, there
is no easy way to stroke from the outside in. However,
because the pie menu is on the overlay, the menu ap-
pears before the stroke begins, and stroking inwardly
is possible. The idea of stroking into a button and out
of a button is not limited to circular arrangements
such as pie menus. Any style of button could poten-
tially allow this capability.

Fig. 14 shows a way that the overlay can be comn-
bined with the single-stroke gestures of Kurtenbach
and Buxton [*Kurtenbach91] to form a shape creation
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tool. While this figure shows a tool consisting of a pa-
lette of colors, a design like that in Fig. 7 could also
be used. The user positions the cursor at a desired
position in the drawing, and moves the button having
the desired color under the cursor, By beginning a
stroke on a particular color button, the user tells the
system to create an object of that color. The direction
of the stroke determines the shape that will be creat-
ed; the length of the stroke the size. Once the stroke
is started, the overlay disappears and a pie menu of
shapes appears, reminding the user which directions
correspond to which shapes. Once the stroke is com-
pleted, a new shape is added to the scene As Kurten-
bach and Buxton describe, there are many ways to
speed up this interaction further. For example, if the
user makes the stroke quickly, the pie menu need not
appear.

Notice that this tool allows a user to specify the
position, color, size, and shape of a new object in a
single short two-handed gesture. In a conventional
drawing program, the user would first move the cursor
to the tool palette to select the rectangle tool, move
the cursor back to the desired starting position, draw
the rectangle at the desired location and size, and
move the cursor to a color palette or menu to select
the desired color. The conventional color palette
might look like the array of click through buttons in
Fig, 7 or Fig. 14, although the conventional palette
would not normally be transparent.

2.06 Snapping the Overlay Tools to the Scene

In the examples above, the motion of the overlay
over the scene was independent of the content of the
scene However, the present invention also provides
useful tools that automatically reposition themselves
{or the whole sheet of the overlay) to line up with one
or more objects in the scene. The examples show that
the non-dominant hand can be used to snap special
objects onto scene points while the dominant hand is
free to perform (or get ready to perform) other inter-
active operations.

For example, Fig. 15 shows a tool used to create
alignmentlines for ruler-and-compass style construc-
tion, such as that used in snap-dragging [*Bier86].
The tocl has a number of alignment lines passing
through a common point (the center of a circle) at dif-
ferent angles. The tool aiso has a small region for dis-
playing an active angle. When one of the alignment
lines (e g, the line at 45 degrees) passes near a soft-
ware cursor (e.g., the snap-dragging caret shown in
the figure), that line snaps to the caret and lengthens,
and the tool displays the slope of the selected align-
ment line. The user can then freeze this line in place
(e.g. by clicking a trackball button, or by clicking on
the circle in the middle of the tool with the mouse). Fi-
nally, the user can perform new operations that snap
the caret to the alignment line. The figure shows
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drawing a new line segment using the alignment line
as a guide.

The snapping technique can be used for other
alignment objects beside lines. Fig. 16 shows a pa-
lette of alignment circles positiocned over an illustra-
tion in which the caret has been placed at the lower
left corner of a rectangle. When the center of one of
these circles (e.g., the small circle within the large cir-
cle on the right) passes near the caret, the circle high-
lights by changing to a different color and the center
of the circle snaps precisely to the tip of the caret. In
this example, the entire palette snaps, but it is also
possible to have only the single circle move tempor-
arily away from the other circles in the palette,

The user might also snap a tool to an arbitrary
scene point rather than to a special point such as the
caret tip. For example, the tool in Fig. 17 is an anchor
object, used in snap-dragging as a center of scaling
or a center of rotation. Here, the user moves the over-
lay until the anchor is near a rectangle corner. Without
moving the rest of the overlay, the anchor moves to
snap to the rectangle corner. The user freezes the
overlay, and with the dominant hand, rotates the rec-
tangle around the anchor.

Fig. 18 shows a tool that generalizes the rotation
tool of Fig. 17 to perform any of rotation, scaling, and
skewing. This tool allows the placement of an anchor
position, the selection of an interactive operation, and
the performance of that operation in a single two-
handed gesture. Specifically, a pie menu of opera-
tions is located around the anchor itself. Again, as-
sume that the user has caused the anchor to snap to
the rectangle corner. The user begins an operation by
clicking the mouse button with the cursor over the
name of an operation, say the rotate operation Once
the mouse button is depressed, the system rotates
the object as described in the Bier and Stone paper
on snap-dragging [*Bier86]. In particular, the angle by
which the object is rotated from its original position is
kept equal to the angle through which the caret has
been moved, using the anchor as a center of rotation.
During the interactive operation (rotation in this case),
the overlay preferably disappears.

The above tools that snap to scene objects are
also examples of using the overlay o provide the user
with virtual drafting tools, such as a virtual ruler, com-
pass, or protractor. As with the corresponding physi-
cal tools, the nondominant hand can control the pos-
ition and orientation of the fool, while the aominant
hand is used to create objects or lines. As with the
physical tools, objects or edges that are created in
proximity of the tool are affected by its constraints.
One benefit of using the overlay for this application is
that constraints can be brought in and out of effect
quickly and easily, much as in the case of the palette
menus.
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2.07 Combining On/Off Buttons with Palette Menus

Many systems have modes that can be turned on
and off by pressing a button whose state toggles
Such buttons can be placed on a palette menu as
well, making it possible to reduce cursor travel to
these buttons by positioning them near the cursor
with the non-dominant hand, and making it unneces-
sary for the user’s gaze to move from the work area.
Also, because palette menus can be large (they need
not fit on the screen all at once, being easy to scroll
on and off}, larger more expressive representations of
the on/off buttons can be used.

For example, Fig. 19 shows a set of on/off but-
tons that are displayed as lines at different angles,
where the user can activate a class of snap-dragging
alignment objects. A rectangle in the scene has its
four corners and center point identified as hot points.
When the user clicks on a given alignment line (e.g.
the vertical line), the line highlights, and all objects
with hot points trigger full-length alignment lines of
this class, namely vertical alignment lines. The tool is
shown as also providing a numeric indication {in a box
at the lower right) of the angle of the selected align-
ment line. If the user had selected alignment lines at
more than one angle, the numeric indication would
not be shown.

2.08 Guidelines and Grids as Ghosts

Section 2.04 described the combination of the
overlay with visual filters. In those examples, the vis-
ual filter presented scene objects in different ways to
facilitate operations on those scene objects. How-
ever, visual filters can also be used to show objects
that are not normally shown at all and to make it pos-
sible to interact with those objects. For example, a vis-
ual filter can be used to locally show guidelines or a
grid.

Fig. 20 shows three tools, each of which displays
a different kind of grid. The first two grids on the left
are rectangular with different spacings. The last grid
is a hexagonal grid. Although each grid only appears
when the visual filter is in place, the coordinates of the
grid are bound to the scene, so that grid points do not
move when the overlay moves. Thus, by clicking on
the grid points and moving the overlay, the user can
edit the scene using these grids. The user has started
a line on a grid point, moved the overlay up, and fin-
ished the line using the grid. In conventional pro-
grams, the effect of turning on a grid becomes appa-
rent only once the grid is turned on. With these tools,
however, the user can see what kind of grid any given
tool will provide before using it. All of the visual filter
tools have this property to some extent.

Fig. 21 shows how a user can make and use a
customized grid tool. The customized grid tool picks
up a set of selected shapes and allows the userto use
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them as a customized grid. Like other grids, this grid
can be used to precisely place objects. This tool
makes use of the properties of the overlay discussed
above in Section 2.03 on clipboards. The lines in the
scene are a grid that the user has created (e.g., using
an editor) for specifying a template for a twocolumn
layout. The user lifts this grid onto the customized
grid tool, whereupon the grid lines become a part of
the tool. However, as with the grid tools discussed
above, the grid lines maintain their position even ifthe
tool is moved, so they remain as reliable reference
points. As a result, the grid lines only appear when the
grid tool is present. The figure shows the user com-
mencing to stretch a rectangle, and finaily snapping
the rectangle into place in the lower portion of the left
column.

One possible extension is to allow any scene ob-
ject to be lifted out onto the overlay from the applica-
tion This object would then become gravity active, so
that scene objects would snap to it, allowing users to
create their own customized guiding lines and curves.

2.08 Measuring and Defining Tools

Certain of the tools described above extract
graphical properties of objects. Fig. 22 shows the use
of a click-through button tool that measures geomet-
ric properties, namely coordinates, lengths, slopes,
and angles. When the user clicks on an object corner
through this tool, the coordinates of that corner are re-
ported. If the user clicks again, the system reports the
length and slope from the first point to the second. If
the user dlicks a third time, the system reports the an-
gle made by the last three points clicked. Tools that
display information based on what the mouse is point-
ing at are also useful for word processors; for exam-
ple a tool could display the definition of a word that is
selected through the tool,

2.10 Non-dominant Hand Pointing

While most of the tools use the non-dominant
hand to position the overlay and use the dominant
hand for pointing, it also makes sense to use the non-
dominant hand for pointing if the objects to be pointed
at are large. For example, in a text document, para-
graphs are usually large enough to point at with the
non-dominant hand. Fig. 23 shows a tool that reveals
hidden structure of the paragraph that is under the tip
of the arrow, which moves with the overlay. This tool
always displays the name of the printing format that
will be used to format this paragraph for a printer. In
this example, the arrow points to a paragraph whose
format is named "body."

2.11 Gesture-Interpreting Tool

One particularly exciting application of the over-
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lay is to provide the user with complete local input in-
terpreters. For example, a drawing program might
normally interpret mouse input as a set of commands,
such as select, move, create line and so forth (e.g.,
see Rubine’s work on editing graphics with gestures
[*Rubine91] or Goldberg and Goodisman’s work on
editing text with gestures [*Goldberg91]). By position-
ing a gesture-interpreting tool over the scene, the
user might interact with that same editor in a different
way. For example, in Fig. 24, the user draws an "X’ on
a gestureinterpreting tool. If X’ means "delete" to this
tool, the object underneath the X would be deleted.

Such a gesture interpreter could be used in a va-
riety of applications. For instance, it provides a way
to layer a gesture interface on top of a mouse-based
word processor. In a paint program, mouse or pen mo-
tions could lay down paintwhen the gesture-interpret-
ing tool is absent, but perform editing commands
when it is present. Furthermore, the interface provid-
ed by a gesture-interpreting tool could be common
among applications. For instance, if the overlay is
provided by the window system, the same gesture in-
terpreter could be moved from a drawing program to
a word processor, allowing the user to use a given
gesture in muitiple contexts. For instance, the "X of
Fig 24 could be used to delete shapes in a drawing
program, paragraphs in a word processor, or a region
in a paint program.

2.12 Combining Local Command Interpreters and
Visual filters

The idea of having a local command interpreter
can be combined with visual filters. For example,
many drawing programs display small user interface
objects, called handles, on top of scene objects. By
pointing at these handles with the cursor and de-
pressing the mouse button, users can perform trans-
lation, scaling, and stretching operations on objects.
This idea can be combined with the overiay to provide
a variety of different kinds of handles. For example,
in Fig. 25, the user has selected two objects of three
in a picture; the selected objects are highlighted with
small black squares. By positioning a transformation
handies tool, the user can see and point at any of a
set of control handles (small white squares). Clicking
and dragging on the central handle will translate the
selected objects. Clicking and dragging any of the
other handles will stretch the selected objects.

The utility of visual filters that add temporary
tools, positioned relative to application objects is par-
ticularly apparent when several such filters are avail-
able on a single overlay sheet. In this case, the user
can alternately make use of one set of temporary
tools and then another. For example, one set of tools
might provide editing handles that allow translation
and stretching as described above. Another set might
provide rotation about the center of a shape or any of
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its corners. If all of these tools were provided at once,
the temporary tools would result in unacceptable clut-
ter Presented alternately, however, they make it pos-
sible for the user to take advantage of a large variety
of tools whose attributes (including position, type,
and number) depend on the attributes (including pos-
ition, type, and number) of application objects and
hence are particularly tuned to effectively operate on
them.

2.13 Logging and Debugging Tools

Tools can be used not only for the normal opera-
tion of an application, but also to allow a user to get
help about that application or to allow a programmer
to debug the application. An example is a tool such
that stylus gestures or mouse actions performed
within the bounds of that tool cause the tool to display
information about the command that the useris trying
to perform. For example, Fig. 26 shows a tool that dis-
plays a picture of the mouse. When the user presses
down a mouse button while the cursor is in this tool,
the mouse icon displayed on the tool shows which
mouse button is being depressed. Such a tool would
be useful, for instance, when making videotapes of an
interactive tool. A more sophisticated version of this
tool would also display the name of the command be-
ing performed and offer to open the source code that
implements that command.

2.14 Operations That Use An Insertion Point

While click-through buttons are a particularly in-
teresting kind of button made possible by the overlay,
even regular buttons are useful. For example, Fig. 27
shows an array of buttons that act as a numeric key-
pad. This keypad can be positioned near the area
where a user is working and activated with a pen or
cursor, making a keyboard unnecessary for some op-
erations. Each time the mouse clicks on a digit, the
overlay moves one character’s width to the right. This
keypad could also be used as a calculator allowing
the user to insert computed numbers into a document
easily.

2.15 Rotatable Tools

Some tools above, such as the alignment line
tools, can transiate slightly relative to the overlay
sheet. It is also possible to allow tools that can rotate
and scale relative to the overlay sheet. For example,
Fig. 28 shows a tool for selecting a typeface and/or
typing text. To produce text at an arbitrary angle, the
user can rotate the tool. In this example, if the user
clicks on two scene points through the measuring re-
gion {corners) of the tool, the tool orients itself to the
slope of the line between the two measured points.
When the user subsequently selects a font from this
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tool, the new text is added at this measured angle in
the selected font. While the example shown here
stays reoriented until another measurement is made,
it is also possible to have the tool reorient temporarily.

2.16 Combining Graphical Search, Guidelines, and
Object Creation

As described above, the overlay tools can com-
bine several task steps into a single two-handed ges-
ture. One extreme example of step reduction is the
figure labelling tool shown in Fig. 29. This tool com-
bines constraint-based graphical search [*Kurland-
er92], snap-dragging alignment lines, visual filters,
and a push-through object template This tool is used
to put a figure label at a set position in the bounding
rectangle for all illustrations. When this tool is moved
over a scene region, constraint-based graphical
search is used to find all large rectangles in that re-
gion. For each such rectangle, the tool draws align-
ment lines at a fixed distance from each edge of the
rectangle. Using the mouse, the user can select one
of the text labels on the surface of the tool, and snap
this label to the alignment lines by using snap-
dragging.

2.17 Tool for Loading Documents into Windows

In addition to adding one or a few objects to a pic-
ture, overlay tools can be used to load an entire disk
file into an editor window, document frame, or other
region. Fig. 30 shows such a tool The first portion of
the figure shows the tool, which has a number of
document icons, positioned over a set of document
windows When the user clicks on an icon, the corre-
sponding document (which, in the example, contains
text and graphics) opens in the window that is behind
the cursor. In the illustrated example, the user selects
a file, named "house," from a set of available files to
be placed in the selected window, whereupon the
contents of file "house" are displayed in the selected
window. An alternative approach would be to have the
user position the tool near the desired window and
drag the icon into the window.

3.0 Customizing and Using the Overlay

No matter how well the designer of the system is
attuned to the needs of users, there is no such thing
as a prototypical user. Accordingly, it is anticipated
that the system will allow the user to customize the
overlay tools and tool layout to suit personal prefer-
ences and to adapt the overlay to a particular task at
hand This section describes a number of possible
ways that users can do so. Further, the overlay can
be used more effectively if there is a simple and con-
sistent set of conventions for the use of the overlay
tools. This section describes a number of ways in
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which users can make more effective use of the over-
lay.

3.01 Moving, Copying, and Deleting Tools

At the minimum, the user is likely to want to cre-
ate more of one kind of tool and fewer of ancther, and
position tools into clusters that are commonly used to-
gether. If the user is to have the capability of partici-
pating in organizing the overlay, the user should at
least be provided with the capability of moving, copy-
ing, and deleting tools from the overlay sheet. Fig. 31
shows one technique for providing this capability,
namely providing handles that perform these opera-
tions, on the tools. The specific example is the rub-
bing tool described in connection with Fig. 9. As
shown in Fig. 31, the handles are icons to the side of
the tool for providing the desired operations The user
is shown as clicking on a handle to move the tool. In
practice, the handles on tools should probably be
smaller and less detailed than those shown. Alterna-
tively, the handles could be made so that they are in-
visible (and ineffective) during normal use, and are
only subjected to these operations in a tool editing
mode.

3.02 Tool Organization

Atypical application is likely to have a large num-
ber of tools in its interface. To avoeid clutter, it is nec-
essary to organize these tools and sheets so thatthe
user can quickly find any desired tool. One approach
is to put all of the tools on a single sheet that can be
navigated by scrolling and zooming. The tools could
be organized onto tiles, and the resulting tiles abutted
to form the single large sheet. To find any tool, then,
the user would scroll the desired tile onto the screen
and scroll the desired tool into place. Using scrolling
and zooming functions together, the user would be
able to navigate in a rather large space of tiles. In ad-
dition, the mapping between trackball motions and
the overlay motions could allow for larger motions
when the trackball is moved quickly so that little
trackball motion is needed.

For very large numbers of tiles, a hierarchical or-
ganization could be used in addition to this tiling or-
ganization For example, the user might create a vir-
tual "box" containing a number of sheets of the aver-
lay, each adapted to a particular task. Aiternatively,
each tile in an array might in fact be a stack of tiles.
The user could select which tile is currently visible by
repeatedly clicking on a button, or using pop-up me-
nus. The user could also use a single tile (rather than
an array) that cycles through a set of tile types.

The technique used in a current prototype allows
a single sheet to show different sets of tools at differ-
ent times. The set to display can be selected in sev-
eral ways The user can click a special todl in the set,
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which causes a jump to another set (somewhat in the
manner of the arrows in Apple Computers’ Hyper-
Card(TM)). In addition, a master view provides a table
of contents of the available sets, thereby allowing the
user to jump to any one. To use different sets simul-
taneously, the user creates additional sheets,

3.03 Compasing Tools - Visual Macros

Click-through tools and visual filters can be com-
posed by overlapping them, thereby providing the
user with the ability to interactively create new oper-
ations by combining old ones This provides an intui-
tive and powerful macro capability. Fig. 32 shows, at
the user level, how a tool that changes fill colors (say
to red) is composed with a tool that changes line col-
ors (say to blue) to form a tool that can change both
fill and line colors. In the example, the two tools are
brought together so that their active areas are partial-
ly overlapping. If the user clicks in a portion of one of
the tools that is not overlapping with the other tool, the
resultant operation is merely the operation that is nor-
mally provided by the single tool. On the other hand,
if the user clicks in the overlapping region, the resul-
tant operation is a combination of the operations of
both tools.

The composition of tools can be accomplished in
two ways. First, the two tools can be overlapped on
the same overlay sheet so that they move together as
a unit. This is convenient when the combination is
likely to be used frequently. itis also possible to com-
pose tools that are on separate overlay sheets so that
they can be moved independently, and brought to-
gether on the few occasions where the particular
combination is needed.

When a stack of overlapped tools (or filters) re-
ceives input {e.g., a mouse click), the input event is
passed top-to-bottom through the tools. Each tool in
turn modifies the command string that has been as-
sembled so far. For example, a tool might concatenate
an additional command onto the current command
string. Consider the example, discussed above from
the user's point of view, of the tool that changes fill
colors to red being composed with the tool that
changes line colors to blue to form a tool that changes
both fill and line colors. If the line color tool is on top,
then the command string would be "SetlLineColor
blue” after passing through this tool, and "SetLineCol-
or blue; SetFillColor red” after both tools.

3.04 More Complicated Macros

The composition of tools described above is a
powerful technique for implementing macros. How-
ever, if the user wishes to compose more than a few
tools, there is a risk that the intuitive visual advantage
will be lost in a clutter of tools. In view of this possi-
bility, the overlay provides an alternative technique
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for creating composite tools. The technique is similar
to the macro recording facility found in some pro-
grams. This typically would require that the user place
the system in a mode for macro creation, then per-
form a desired sequence of operations on a single ob-
ject. The system would automatically produce a com-
posite tool of all operations performed on this object.
This composite tool has a number of advantages.
For example, if it is desired to apply the set of opera-
tions to a number of objects, some of which may not
yet have been drawn, the application to additional ob-
jects requires a single step rather than reapplication
of the entire sequence of individual operations Addi-
tionally, the user can easily apply the set of opera-
tions in an exploratory manner, either to single ob-
jects or to a set of simultaneously selected objects.

3.05 Remembering Selected Objects

Aproblem that sometimes arises is that a user se-
lects a set of objects and performs a set of operations
on them, either all at once, or individually. At some lat-
er time, the user may wish to modify or undo the op-
erations. The overlay can provide such a technique
by providing each tool with the ability to remember
what objects it has been applied to. The user can then
apply an operation to each of a group of objects, re-
alize that another operation is needed, and recover
the set of objects, without having to remember the ob-
jects or explicitly perform a selection operation. This
mechanism is useful even if the tools only remember
the most recent set of shapes that were selected.

3.06 Creating and Modifying Tools

Some techniques for creating and modifying
tools have already been described. These include the
provision for moving, copying, deleting, and overlap-
ping tools to organize the overlay, discussed above,
and the techniques for copying object shapes and at-
tributes to create specialized clipboard tools as dis-
cussed in section 2.03. The present invention con-
templates allowing the user additional flexibility to
create and modify overlay tools. For example, it
would also be possible to use a drawing program or
word processor to produce the geometry of a new
overlay tool, and then apply behavior to the geometry
using the EmbeddedButtons architecture [*Bier20,
Bier91a, Bier92].

Further, it should also be possible to use one
sheet of the overlay to edit another. In such an envir-
onment, an overlay sheet would become editable in
the same manner as a drawing in a graphical editor,
and the various tools and techniques described above
could be brought to bear. Moreover, if the non-domi-
nant hand can resize a sheet of the overlay as well as
reposition it, then the user can make tools larger or
smaller for special applications.
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Two toolkits for creating overlay tools are cur-
rently under development. The first is a traditional
toolkit in which tools are created through object-ori-
ented programming. The second toolkit is based on
the EmbeddedButtons technology where users draw
new tools and collections of tools using a graphical
editor and then apply behavior (e.g., click-through
button functionality) to these graphical forms, where
the behavior is expressed in a user customization jan-
guage.

3.07 Zooming and Scrolling

There are two equivalent ways for the user to pos-
ition a sheet of the overlay over an application. The
scene can remain fixed while the user moves the
overlay over the scene, or the overlay can remain
fixed while the user moves the scene under the over-
lay. It makes sense to provide both of these kinds of
functionality to the user. Scrolling the application al-
lows the user to bring off-screen parts of an applica-
tion to an on-screen tool, making manipulation of
large applications possible. Scrolling the overlay over
the application allows the user to bring off-screen
tools to onscreen application objects, making the use
of large sheets of the overlay possible. References to
positioning the overlay relative to the visible repre-
sentation should be taken to include rotation as well
as translation.

While it is possible to move an overlay sheet by
depressing a mouse button and dragging on the bor-
der of the sheet, using the dominant hand, the use of
the non-dominant hand and the second input device
(e.g., trackball) is preferred. One way of mapping
trackball buttons to these functions is as follows.
Clicking the left butfon causes the trackball and
thumbwheel to scroll and zoom, respectively, the
scene (application). Clicking the right button causes
the trackball and thumbwheel to scroll and zoom, re-
spectively, the overlay Clicking the middle button al-
lows the scene and the overlay to be scrolled and
zoomed as a unit. The user could be given the oppor-
tunity to customize this mapping. For example, a user
who wishes to be able to easily make the overlay dis-
appear when it is not needed and reappear when it is
may prefer to have one of the trackball buttons toggle
overlay visibility on and off Furthermore for embodi-
ments where there are multiple overlay sheets, itmay
be desirable to provide additional mappings to allow
the sheets to be scrolled and zoomed independently.
This could be done by having the user click different
combinations of trackball buttons for the different
sheets.

With these moving and sizing controls, the user
can center a tool on any application object and size
the tool to cover any screen region. Large tools can
be used to minimize sheet motion when applying a
tool to several objects. Atool that has been stretched
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to cover the entire work area effectively creates a
command mode over the entire application. For sev-
eral of the tools above, it is necessary to be able to
“freeze" the overlay in some sense, For instance, the
"snapping” tools of section 2.06 require that align-
ment lines stay frozen once placed so that scene ob-
jects can subsequently be snapped to them. One
convention for using the overlay would fix the position
of these tools relative to the overlay sheet when the
overlay sheet is fixed to the scene (e.g., when the
middle trackball button has been clicked).

Another possibility that addresses the same is-
sues as zooming and scrolling the overlay is a tool
layout where a set of tools is drawn larger and others
smaller, with the set that is drawn larger being under
the user’s control. This is somewhat akin to a fisheye
view of the tools, allowing the user to see many tools
and use a few tools, without taking up much screen
space.

3.08 Keyboard for Moving Overlay

While the embodiments described above make
use of an input device, such as a trackball, that can
easily trigger both farge and small motions in the
overlay as the set of positioning signals, it is also fea-
sible to provide the set of pesitioning signals from an
input device that only reports onoff-transitions, such
as a keyboard. For example, a set of keys on a com-
puter keyboard could be designated to move the over-
lay by some amount in some direction By striking
these keys one or more times, the user can position
different delineated regions over a given workpiece.
The layout of tools on an overlay could be tuned to
work well with this approach. For example, the tools
could be laid out in a regular array whole spacing is a
multiple of the distance the overlay moves after each
click of the overlay-moving keys.

Alternatively, a keyboard key could be used as a
‘reverse-clutch" that allows the overlay fo be easily
coupled and de-coupled from the motion of the
mouse. When this key is held down, the overlay
moves with the mouse cursor. When itis released, the
overlay stays where it has been placed and the
mouse cursor moves independently.

The use of the keyboard in connection with scroll-
ing the overlay has the advantage of providing rela-
tively easy use of the overlay for those users whose
computers are not configured with a trackball and a
mouse,

3.09 Modal Tools

While two-handed users can repeatedly perform
an operation on a variety of objects by moving both
the mouse cursor and the tool around on the screen,
this requires a lot of coordination and is likely to be in-
convenient for one-handed users who must sequen-
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tially reposition the overlay and then the mouse cur-
sor. It is possible to overcome this problem by allow-
ing a smooth transition between the overlay meta-
phor and more traditional moded interfaces For ex-
ample, the tool handles described in section 3.01
could include a button for placing the cursor in a tool
mode corresponding to that tool. While in this mode,
users can repeatedly perform operations as though
they were clicking through that tool. The cursor could
take a shape similar to that of the tool as a reminder
of the persistence of the mode. This is somewhat akin
to a user selecting a conventional modal tool.
Aliowing a click-through tool to become a tempor-
ary modal tool raises the issue of whether the tempor-
ary modal tool can be allowed to cooperate with other
tools. One approach is to allow the temporary modal
tool to be composed with other tools in the same way
that a click-through tool can be composed. The alter-
native approach is to require that a temporary modal
tool be the only tool that can operate on the underly-
ing data. That is, putting a tool in the mode would pre-
clude the use of the other tools. In such a case, the
overlay sheet could be replaced, during the mode, by
a button that allowed the user to exit the mode. Get-
ting in and out of such modes could also be done us-
ing a gesture. For example, double-clicking in a tool
might enter a mode. Double-clicking again would exit.

3.10 Dragging Out of a Tool

The typical use of a tool will include moving the
mouse cursor into the tool, pressing one of the mouse
buttons, and, with possible intervening operations,
releasing the mouse button. There are a number of
possibilities between the depression and release of
the mouse button. These include the possibilities that
the mouse doesn’t move at all, that the mouse moves
and remains in the tool, that the mouse leaves the
tool, and that the mouse leaves the tool and returns.
One possible convention is that if an operation begins
in a tool, that operation should persist until the mouse
button is released. This convention would allow tools
to be relatively small, while allowing users to begin an
operation in the tool and then continue it outside.

3.11 Combining Click-Through Tools and the
Overlay with Conventional Tools

As mentioned above, conventional tools can be
used in conjunction with overlay tools or can be used
as overlay tools themselves A possible scenario is
where the overlay with click-through tools is provided
as an upgrade to an existing program. Users familiar
with an earlier version of the program, which used a
conventional user interface, might wish to proceed
cautiously in the face of a powerful new user inter-
face. Thus the user might decide to keep most of the
conventional tools as a series of palettes that are
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movable with the mouse cursor, but add a few of
these tools to the overlay As the user became more
familiar with the use of the overlay and the use of the
non-dominant hand for positioning tools quickly and
conveniently, the user could add more tools to the
overlay. The user might first create one or more over-
lay sheets with conventional tools only, start experi-
menting with a few click-through tools, and later mix
the click-through tools with conventional tools on the
same sheet.

Itis also possible to compose click-through tools
with conventional tools. For example, a click-through
color palette such as shown in Fig. 7 could be com-
bined with a set of conventional modal shape creation
tools of the type where the user dlicks on a tool and
then moves the cursor to the drawing area and clicks
or drags with the cursor to form the shape. Such a
combination would allow the user to select the color
and shape in one step by superimposing the click-
through button for the desired color over the desired
conventicnal shape tool. The user would still have to
move the cursor and form the shape in the conven-
tional way. While this doesn’t provide the total econ-
omy of motions that characterize the tool shown in
Fig. 14, the user still benefits by being able to select
color and shape with a single click. The modai tool
could also be used with click-through buttons that
specify other object properties such as line weight,
dash style, and the like, and with compositions of
click-through buttons for specifying more than one
object property.

Another example of such composition is where
the user first clicks on the conventional shape tool,
and then proceeds to draw shapes through one or
more click-through buttons for the desired set of prop-
erties. In this way, the user is able to select the prop-
erties and position of the object to be drawn in one
step, having pre-selected the shape of the object by
clicking on the conventional shape tool.

4.0 Specific Implementation

This section describes a current implementation
of the see-through interface that includes the overlay
tools and visual filters. The software is currently im-
plemented in the Multi-Device Multi-User Multi-Editor
{MMM) framework [*Bier81b] in the Cedar program-
ming language and environment [*Swinehart86] run-
ning on the Sun0S UNIX(TM)-compatible operat-
ing system on Sun Microsystems SPARCstations
and other computers. The Gargoyle graphics editor
[*Pier88], as integrated into MMM, serves as a com-
plex application for testing the interface. User input
devices include a standard mouse for the dominant
hand and a MicroSpeed FastTRAP(TM) trackball for
the non-dominant hand. The trackball includes three
buttons and a thumbwheel, which can be used to sup-
ply additional parameters to the interface.
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This section describes three overlay subsys-
tems: one that handies simultaneous input from two
pointing devices and updates the screen after multi-
ple simultaneous changes, one that modifies pointing
events as they pass through tools and visual filters,
and one thatmodifies graphical output as it passes up
through each tool or visual filter.

4.01 Multi-Device Input

The see-through interface relies on the following
features of MMM. MMM takes events from multiple in-
put devices, such as the mouse and trackball, keeps
track of which device produced which event, and plac-
es all events on a single queue. it dequeues each
event in order and determines to which application
that event should be delivered. MMM applications are
arranged in a hierarchy that indicates how they are
nested on the screen. Each eventis passed to the root
application, which may pass the event on to one of its
child applications, which may in turn pass the event
on down the tree. Mouse events are generally deliv-
ered to the most deeply nested application whose
screen region contains the mouse coordinates. How-
ever, when the user is dragging or resizing an object
in a particular application, all mouse coordinates go
to that application until the dragging or resizing is
completed. Keyboard events go to the currently se-
lected application. To support the overlay, MMM's
rules for handling trackball input were modified.
When the overlay is movable, trackball and thumb-
wheel events go to the top-level application, which in-
terprets them as commands to move or resize the
sheet, respectively When the sheet is not movable,
the trackball and thumbwheel events are delivered to
the selected application, which interprets them as
cormmmands to scroll or zoom that application.

Fig. 33 is a flowchart of the User Input Routine,
which determines the appropriate action to take in re-
sponse {o an input event. When a system that con-
tains an overlay receives input, it must determine
whether the event is intended to move the overlay,
move the cursor, trigger the overlay, or to be deliv-
ered to a traditional application in the usual way, and
then it must act on this determination The routine first
tests whether the input is from an overlay-moving de-
vice, and if it is, moves the overlay as a function of
the device movement. If not, it tests whether the input
is from an overlay-scaling device, and ifitis, itresizes
the overlay as a function of the device movement If
not, it then tests whether the input is from a cursor-
moving device, and if it is, it moves the cursor as a
function of the device movement. Next, if appropriate,
the eventis passed to the root application (which may
be, for instance, a window manager), which determi-
nes where the event will be delivered next.

Note that the phrase "overlay-moving device” re-
fers to a device that is currently designated as being
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for moving the overlay. A particular physical device is
an Overlay-moving device at a particular time, if a
software data structure, called the "device table” cur-
rently designates that device as an overlay-moving
device This designation can be changed by the user
at any time. The same is true for the phrase “"overlay-
scaling device."

4.02 Filtering Input Through Tools and Visual Filters

Ordinarily, MMM input events move strictly from
the root application towards the leaf applications.
However, a system implementing the present inven-
tion may contain a number of overiay sheets inter-
spersed with the applications. In order {o support the
overiay, input events must be passed back up this
tree. For example, Fig. 34A shows an application hi-
erarchy among applications denoted #1, #2, #3, #3A,
#3B, and #4, and overlay sheets denoted #1 and #2.
Fig 34B shows how the application windows and
overlay sheets might appear on the display, given the
hierarchy.

Application #1 is the root application and its win-
dow contains all the other relevant application win-
dows. In the present implementation, this would be
the top level MMM rectangle editor, which acts as a
window system. The left-toright order at each of the
two lower levels of this tree indicates the top-to-bot-
tom order of applications on the screen, with applica-
tion #4 being the topmost application. Overlay sheet
#1 is located between applications #3 and #4, while
sheet #2 is located above application #4. Applications
#3A and #3B are shown as being contained in the win-
dow of application #3, but they might be otherwise as-
sociated with it.

Input events are first delivered to the overlay to
determine if the user is interacting with a tool or visual
filter. If so, the event is modified by the overlay. Inany
case, the event is returned to the root application,
which either accepts the event itself or passes it on
to the child applications that appear farther to the
right in the tree. Consider the example where the cur-
sor is positioned as shown in Fig. 34B, namely within
the active area of each of the overlay sheets and over
application #3B. If the user gave a triggering event,
such as pressing a mouse button, the event would
pass first through sheet #2, then through sheet #1,
and then to the application that contains the cursor
coordinates, namely application #3B.

The data structure that represents an MMM
event is modified in three ways to support the over-
lay. First, an event is annotated with a representation
{event fields referred to as "belowChild™ and "below-
Tool") of the parts of the application tree it has already
visited. This prevents the root application from deliv-
ering the event to the sheet more than once. Second,
an event is tagged with a command string to be inter-
preted when it reaches its final application. For exam-
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ple, a color palette click-through button annotates
each mouse-click event with the command name Set-
FillColor followed by a color. Finally, if the tool con-
tains a visual filter, the mouse coordinates of an event
may be modified so the event will be correctly direct-
ed to the object that appears under the cursor through
that visual filter.

Fig. 34C shows how the event described above
is delivered to the correct application. In particular, in
order that the event be delivered to the sheets and ap-
plication layers in the correct order and with the cor-
rect device coordinates, the eventtravels both up and
down the hierarchy of applications.

4.03 Event Delivery Routines

Section 4.02 above describes the way that input
events are routed through possible overlay sheets to
the intended application This and the following sec-
tions describe the event handling in additional detail
with reference to flowcharts and pseudocode for cer-
tain of the important routines, namely the User Input
Routine, the Event to Application Routine, the Event
to Overlay Routine, the Event to Tool Routine, the
Translate and Execute Routine, and the Compaosition
Routine.

The delivery of events through overlays to appli-
cations, as described above and shown in Figs. 34A-
34C, uses three routines: the Event to Application
Routine, which is performed when an event is deliv-
ered to a regular application, the Event to Overlay
Routine, which is used when the event is delivered to
an overlay, and the Event To Tool Routine, which is
used when an event is delivered to a particular tool on
an overlay. Each of the these routines may call one
or more of the other ones (e.g., when an event is
passed from a regular application to an overlay or
from an overlay to a regular application, as occurs
several times in the example described above).

Agiven event E has afield "belowChild" that con-
tains an array (or other muiti-valued data structure),
with one entry for each application and sheet in the
tree. The value of each entry, belowChild[A], is a
pointer to the application or sheet that is a child of A
and is the last child of A that the event has visited A
similar field "belowTool" has for each entry, below-
Tool[O], a pointer to a tool of O that is last tool that the
event visited.

Fig. 35 is a flowchart of the Event to Application
Routine. This routine assumes that some variables
are initialized each time a new event is generated. For
example, belowChild[O] is initialized to an imaginary
application program that is defined to be both a child
of application A and in front of all other children of A.

Fig. 36 is a flowchart of the Event To Overlay
Routine. When an input event is received by the over-
lay, the overlay determines which of its delineated re-
gions, called tools, should process the event. In some
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cases, several tools will process the event in turn. If
atoolis a "click-through” tool it computes a data struc-
ture called a "command list,” which is passed down to
the tools behind it (if any) or to the applications that
are behind the entire overlay (via the overiay’s parent
program). This routine assumes that some variables
are initialized each time a new event is generated. For
example, belowTool[O] is initialized to an imaginary
tool that is defined to be in front of all other tools.
When an overlay is first created, it is not in gesture
mode and none of its tools is designated as the "ges-
ture-handling” tool. .

Fig. 37 is a flowchart of the Event To Tool Rou-
tine. When an event, E, is received by a particular
overlay tool, T, T determines from the type of E, what
action, A, is to be performed. If T is a conventional
{non-click-through) tool, it performs the action imme-
diately. Otherwise, it delivers the event to an applica-
tion behind its overlay, either directly or via other
tools on this or another overlay. If E has already been
processed by another tool, T may need to compose A
with any other actions already associated with event
E.

4.04 Translate and Execute Routine Overview

A given action A may in general be an arbitrary
body of code written in a suitable programming lan-
guage. This language could be any general program-
ming language such as C or Pascal, but will better
support user customization of overlay tools if it is a
simple interpreted language, such as Apple’s Hyper-
Talk, John Ousterhout's Tcl [*Ousterhout80], or a
small version of LISP such as that used in Interleaf
[*English80] or in the EmbeddedButtons architecture
[*Bier90, Bier91a, Bier92]. To support the use of over-
lay tools in an environment, such as UNIX, in which
each application runs in its own heavyweight proc-
ess, A can be represented as an interprocess mes-
sage, such as those provided by the X window system
The current implementation of overlay todls is in the
Cedar programming environment [*Swinehart86], us-
ing a small LISP-like language to represent actions,
and in the UNIX/X Windows using X window messag-
es to represent actions.

When a given software program, P, receives an
action A, it must interpret that action in its own con-
text. If A describes an action that could be performed
by several programs, P must translate A into its own
terms and then perform A on its own (P’s) data struc-
tures. Interpreting a body of code in a particular con-
text (also called a scope) is a well-known computer
science technique For A to be interpreted successful-
ly, a particular program P must provide bindings (val-
ues) for all of the variables used in A The following ex-
amples illustrate the current implementation’s partic-
ular use of this technique as it applies to the use of ap-
plicationindependent tools,

APLNDC00025045



39 EP 0 635 779 A1 40

4.05 Actions Using a General Program

For example, an action Awhose intent is to scale
up any rectangle that is behind the mouse cursor by
a factor of 2 might contain code like this pseudo-code:

FOREACHSHAPE, s, in PICTURE do

if ISRECTANGLE]s] and INCLUDES]s,
cursorPoint]
then SCALE[s, 2.0}

endicop
In order to interpret this action, P must provide its own
definitions for each of the words shown in upper case.
It must provide its own procedure, FOREACH-
SHAPE, that iterates through the shapes in its pic-
ture, its own value for the variable PICTURE, its own
routine ISRECTANGLE that tests if a shape is a rec-
tangle, its own procedure INCLUDES that checks ifa
shape contains a point, and its own procedure SCALE
that resizes shapes. In addition, it must make sure
that the variable 'cursorPoint’ contains the current
cursor position as passed to it by the overlay routines
described above.

In order to simplify the interpretation of overlay
actions, the currentimpiementation of overlays in Ce-
dar does not support general programs, like the one
shown in the above example, which includes iteration,
conditionals, and computed expressions. Instead, the
current implementation restricts actions to a list of
commands, where each command is a command-
name, followed by a set of values. These values are
computed by the overiay, not by the applications.

4.06 Actions with One or More Commands

For example, a single command specifying that
P should select the frontmost object that is near the
cursor point <23, 37> as long as it is no farther than
a quarter of an inch from the cursor might be:

(SelectObject <23, 37> 0.25)
As in the language LISP, an entire command is sur-
rounded in parentheses to make it easy to tell where
commands begin and end.

Actions may contain several commands as in the
following action that selects an object, sets its interior
to be red and its outline to be blue:

({SelectObject <23, 37> 0.25)(SetFiliColor red)
(SetlineColor blue))
where an additional pair of parentheses delineates
the beginning and ending of the entire action. This is
an example of the command-list referred to as L.in the
flowcharts above.

4.07 Translation of Commands

This representation of actions is particularly easy
to translate in the current prototype, because all of the
software programs on which overlays are being im-
plemented already interpret commands that are ex-
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pressed in this form Thus, to translate the above pro-
gram-independent command list into a command list
that can be interpreted by a particular program P, it is
necessary to translate each generic command into
one or more commands that P understands.

For example, P may not have a command named
"SelectObject” but may have a command named "Se-
lect" with the required functionality. Perhaps Select
expects its second argument to be in pixels instead
of inches (at 72 pixels per inch, 0 25 inches = 18 pix-
els). Similarly, P may not have a command "SetFill-
Color" but may have a command "SetAreaColor”, If P
does have a command SetlineColor, then one correct
translation of the command list is:

((Select <23, 37> 18)(SetAreaColor red)

(SetLineColor blue))
The length of the command string is not always pre-
served. For example, the action might contain a com-
mand: (SetFillColorAtPcint cursorPoint red), which
changes the color of the object nearest the cursor to
red. A particular program P might not provide this op-
eration as a single command. In this case, the single
command (SetFillColorAtPoint cursorPoint red) might
be translated into two commands: (Select cursor-
Point)(SetAreaColor red).

If P does not already implement an interpreter for
such command lists but does provide a set of proce-
dures that provide the required functionality, actions
can be translated directly into procedure calls. For ex-
ample, the action might be translated into three pro-
cedure calls in the Cedar programming language as:

SelectShape[picture, [23, 37], 18];
shape s GetSelectedShape[picture};
SetAreaColor[shape, red];
SetlineColor[shape, blue];

4.08 Reverse Data Flow

The actions described so far communicate com-
mands and data from the tool to an application pro-
gram. It is also possible for a command to return data
from the application program to the tool This is ac-
complished by including some empty storage in the
command list. For example, a copy and paste tool
might issue the action:

{(Select <23,37> 18)(GetSelected fillinValue))
Here, "fillinValue" is a pointer to a record, labelled fv,
for "future value."

Figs. 38A and 38B show this record before and
after the application has returned the data requested
by the command. This record includes a field "value"
in which a pointer to the data returned by the appli-
cation will be placed. A second field, “ready?" has the
value false until the field "value” has been filled The
last field "condVar" contains a synchronization object
provided by the Cedar programming language, called
a condition variable. A condition variable includes a
list of those programs that are waiting for this value.
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When the value becomes available, the application
that provides the value notifies each of the programs
that are waiting.

In this example, application P will select the
shape at coordinates <23,37> and then stores a poin-
ter to it in the field “value." If P is running in a different
process than T, T must wait (block) until P has stored
the pointer. Because T maintains its pointer to fv, it
can reach the "value” field of "fv" once it is notified
that the value is now ready.

4.09 Composition Routine

When two or more overlays are overlapped (as
are overlays #1 and #2 in Fig. 34B), each eventE is
finally delivered to the receiving application (applica-
tion #3B in Fig 34C) after having been processed by
all the overlays in front to back order (overlay #2 and
then overlay #1). As a result, the action A may de-
scribe an operation that includes contributions from
some or all the overlays. Such an action is said to be
a composition of the actions that would be determined
by each overlay individually.

In the current implementation, each overlay, O, is
responsible for combining its action with the action
that the event has accumulated at the time that O re-
ceives the event. The new action can be computed
from the existing action by one of a variety of meth-
ods, including appending, prepending, deletion, com-
mand alteration, argument alteration, or coordinate
alteration. Each of these methods is described below.

4.09.01 Appending

Atool that appends its action simply adds the ac-
tion’s command list to the end of the existing com-
mand list to create a compound action. For example,
say an overlay O receives an event E whose coordin-
ates <x,y> are contained by tool T of O, and say that
tool T is a tool that changes outline colors. Individual-
ly, T's reaction to event E would be to generate the ac-
tion:

({SelectShape <x,y>)(SetLineColor blue})
Say, however, that E has already passed through a
tool that has specified an action to set a fill color to
red:

((SelectShape <x,y>){SetFillColor red))
If T is an appending tool, it will append its command
list to the existing command list to form the longer ac-
tion:

((SelectShape <x,y>)(SetFillColor red)

(SelectShape <x,y>)(SetLineColor blue))

4.09.02 Prepending

Prepending is like appending except that the new
command list is added to the beginning of the existing
list. If ordering of commands matters, prepending
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may produce a different result than appending. For
example, if event E arrives with an existing command:
{RotateShape 45)
that rotates a shape by 45 degrees and if tool T would
ordinarily generate the command
(ScaleShape 2 1)
which scales a shape by 2 in the x direction and 1 in
the y direction, then the final command would be
{(ScaleShape 2 1)(RotateShape 45))
which has a different effect than ({(RotateShape
45)(ScaleShape 2 1)).

4.09.03 Deletion

The tool T could remove one or more commands
from the event For example, T could protect the pic-
ture underneath it from being edited by deleting any
commands that could edit that scene. If Treceived the
event:

{{SelectShape <x,y>)(SetLineColor blue))
it might remove the (SetLineColor blue) command,
which would have modified the underlying picture,
but might leave the (SelectShape <x,y>) command
which will only change the currently selected object
in that picture. The resulting command would be:
(SelectShape <x,y>)

4.09.04 Command Alteration

Atool T could change the command names used

in some or all of the received actions. For example, T
could change all calls to SetFillColor to call SetFancy-
FillColor and all calls to SetLineColor to SetFancyLi-
neColor, allowing a user to try out the new fancy com-
mands while still using familiar overlay tools on the
overlays in front of overlay O. if such atool T received
the command

((SelectShape <x,y>)(SetFillColor red)

(BelectShape <x,y>)(SetlLineColor biue))
it would produce the command:

{(SelectShape <x,y>)(SetFancyFillColor red)

(SelectShape <xy>)(SetFancyLineColor blue))

4.09.05 Argument Alteration

In the case of argument alteration, T modifies the
values specified after the command name of a com-
mand For example, T might modify any colors re-
ceived by previous tools to make them more vivid. If
such a tool received the command (SetlineColor
blue), it would produce the command:

(SetlLineColor vivid-blue)

4.09.06 Coordinate Alteration

Coordinate alteration is a special case of argu-
ment alteration. In this case, tool T modifies the co-
ordinates <x,y> specified in a command. This is par-
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ticularly useful if T contains a visual filter that modi-
fies the view of the picture behind O. For example, if
T magnifies the picture underneath, then coordinates
from tools in front of T should have a shrinking trans-
formation applied so that commands from such tools
will be applied o the object that actually appears
through T Thus, if T scales up the picture behind it by
a factor of 2, it should scale coordinates by a factor of
0.5 If the command received is:

(SelectShape <x,y>)
T will produce:

SelectShape (0.5* <x,y>).

4.09.07 About Marked Coordinates

The Event to Overlay Routine identifies those co-
ordinates <x,y> in the command list that are *marked
for translation." In general, cursor coordinates wiil be
so marked. This marking will be preserved by the
composition routines above, so that when the input
commands contain marked coordinates, the corre-
sponding coordinates in the commands produced by
composition will also be marked.

4.10 Basic Output Handling

In addition to delivering input events to the appli-
cation programs behind them, overlays also modify
the display of these application programs. In particu-
lar, most tools display a visible icon to indicate the
boundaries of the active region of that tool. In addi-
tion, tools may contain visual filters that filter the view
of the application, modifying shapes, colors, sizes
and other graphical properties. While the basic oper-
ation of visual filters is described in the above-
referenced copending application of Stone et al., the
sections below describe how the overlay mechanism
controls the activation of the visual filters.

Ordinarily, MMM output is composed from the
leaf applications up. To support visual filters, the nor-
mal screen refresh composition has been extended to
allow information to flow down and across the tree as
well as up For example, if the tools in Fig. 34B contain
one or more visual filters, and if any of those visual
filters is situated over the graphical editor, each visual
filter must examine the contents of the graphical edi-
tar (which is the visual filter's sibling in the hierarchy)
in order to draw itself.

4.10.01 Computing the Region of Change

Some parts of the screen refresh routine provid-
ed by overlays are similar to the routine for handling
input, but with data passed in the reverse direction. As
was shown in Fig. 34C, the overlay routines ensure
that input events pass through overlays in front to
back order before being delivered to the destination
application, To compute what part of the screen must
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be redrawn when the contents application #3B are
modified, the information about the modified part of
application #3B is passed along the path shown in
Fig. 38, which is the reverse of the path of Fig 34C.

As the region-of-change information is passed
from node to node in this tree, the region of change
is translated into the coordinate system of each re-
ceiving node so as to be easily understood by that
node. In addition, each overlay node may potentially
modify the region of change based on current viewing
filters that are visible on that overlay. For example, if
a given overlay O includes a tool T that contains a
magnifying filter, O may increase the size of the
screen region that will be affected by the original
change to application #3B. O increases the size of the
region of change data structure appropriately and
passes the modified data structure to the next node
in the chain.

4.10.02 Screen Update

In the absence of visual filters, producing a new
screen image representing both application and over-
lays is accomplished by producing a drawing of each
node in the hierarchy in depth-first back-to-front pre-
order and post-order traversal (i.e., each application
is drawn both before and after its children are drawn)
For the example of Fig 39, the nodes would be drawn
in the order: Start(application #1) StartAndFinish(ap-
plication #2) Start(application #3) StartAndFinish(ap-
plication #3A) StartAndFinish(application #3B) Fin-
ish(application #3) StartAndFinish{overlay #1) Star-
tAndFinish(application #4) StartAndFinish(overiay
#2) Finish(application #1).

However, if an overlay contains one or more vis-
ual filters, each such visual filter may require that part
of the hierarchy be redrawn using the transformation
that characterizes that visual filter. The part of the hi-
erarchy that is redrawn includes the parent of the
overlay and all of the siblings of the overlay that are
behind the overlay For example, if overlay #1 in-
cludes a visual filter, nodes for application #2, appli-
cation #3A, application #3B, application #3, and ap-
plication #1 will be redrawn (in that order). This tree
fragment is shown in Fig. 40.

5.0 Advantages

This section summarizes a number of advantag-
es of various embodiments of the overlay. Although
some of these advantages were explicitly stated in
connection with the above description of various
tools, it is useful to set forth these advantages in one
place.

5.01 Faster Completion of Tasks

By combining several steps into a single step,
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overlay tools can save time. As described above,
click-through buttons combine command choice and
operand selection into a single gesture With the ad-
dition of a visual filter, these buttons also create cus-
tomized views in the region of the operand, without re-
quiring any keystrokes to explicitly turn such views on
and off. In addition, both the user s gaze and the cur-
sor can remain in the work area. This keeps the user
focused on the task, and saves time compared to sys-
tems that require the user to move the cursor back
and forth between the work area and palettes that are
placed off to the side.

5.02 Fewer Temporal Modes

With the overlay, an operation is available when-
ever the cursor is over a tool that provides that oper-
ation. Essentially, the overlay provides spatial com-
mand modes. Spatial modes are often more desirable
than temporal modes because the user can easily see
what the current mode is (e.g by the label on the tool)
and how to get out of it (e.g., move the cursor out of
the tool).

5.03 Better Graphical Feedback, Fewer Errors

Often systems with temporal modes provide
feedback to the user that helps in the successful com-
pletion of the current command. For example, in text
editing mode in a graphical editor, the editor can high-
light all of the editable text strings. Overlay tools can
provide this same type of feedback, but within the
boundaries of the tool. In fact, with several tools on
screen at once, several different kinds of feedback
can be provided, each in its own tool. In addition, by
zooming a tool to the full size of the editor, the user
can achieve the same feedback available with tempo-
ral modes. When several tools are visible at once, the
feedback in each one serves a dual role. It helps the
user make proper use of the tool and it helps the user
choose the correct tool.

In addition, the use of visual filters in tools pro-
vides a kind of feedback that is not traditionally pro-
vided; they show a portion of the scene with a modi-
fied view while showing a standard view of the rest of
the scene as context A visual filter can show hidden
information, like a hidden vertex. In addition, it can
help identify those objects that are appropriate oper-
ands for a given operation For instance, a tool that
changes the border colors of objects might show only
shape borders Such feedback would make it hard for
the user to mistakenly try to use such a tool for a dif-
ferent purpose, such as changing fill colors.

5.04 Easy Customization

In an application whose tools have exclusive use
of a region of screen space, the potential for user cus-
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tomization is limited Even if the user can create new
buttons, sliders, and other interactors, there is little
space in which to put them. However, the overiay pro-
vides an essentially unlimited space; not only can
tools take up the entire work area, but they can be
placed off-screen to be scrolled on-screen when
needed. In addition, because overlay tools and visual
filters can be composed by overlapping, they provide
an easy way for users to construct personalized mac-
ros.

5.05 Reduced Learning Time

Because overlay tools can combine several task
steps into one, users need no longer learn these
steps individually For instance, instead of learning to
select an object and apply a color to it, the userlearns
to use a color click-through button. Likewise, novices
become experts in a natural way. An expert user
knows where various tools are located, knows how to
compose tools effectively, and has learned to move
the tools into place quickly A novice becomes an ex-
pert by learning the spatial layout of tools, learning to
compose tools, and repeating commonly used mo-
tions until they become part of the user’s motor mem-
ory These tasks require little conscious effort.

5.06 Application-Independent Tools

Some user commands are common tc enough
applications that they are built into keyboards, such
as the common Cut and Paste keys. When the user
presses such a key, the Window manager routes the
keystroke to the user’s current application The over-
lay represents a new substrate on which such appli-
cation-independent commands can be placed. In par-
ticular, if an overlay sheet can slide from application
to application, its tools can be applied to whatever ap-
plication is behind them whenever that makes sense,
without any need for a distinguished current applica-
tion For example, the color-changing clickthrough
buttons can change the colors of objects in different
editors.

5.07 Usable with One or Two Hands

Many graphical user interfaces require the user
to coordinate the use of two hands. For instance, the
user may need to hold down the Control or Shift key
while simultaneously using the mouse While the
overlay can be used more rapidly with two hands, it
can also be used with a single hand that positions the
overlay and then positions the cursor sequentially. It
can be operated by users with a disabled hand or by
able-bodied users who are using one hand for an-
other task such as holding a telephone or a cup of cof-
fee.
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5.08 Different Display Sizes

Modern computers come with displays of many
different sizes from pocket-sized to wall-sized. The
overlay interfaces can span this range of sizes. Be-
cause overlay tools scroll and zoom, they can be used
on tiny displays that have little or no room for fixed-
position tool palettes. In addition, on very large dis-
plays, the user can move tools to any part of the
screen, making it unnecessary to reach across the
display to access a fixed menu region.

6.0 Conclusion

In conclusion it can be seen that the present in-
vention provides a new style of user interface, the
seethrough interface, based on a visual depiction of
a transparent overlay with active tool-defining re-
gions. The see-through interface offers a new design
space for user interfaces based on spatial rather than
temporal modes and provides a natural medium for
two-handed interaction Because the interface is mov-
able and overlies the application area, it takes no per-
manent screen space and can be conveniently adapt-
ed to a wide range of display sizes. Because the over-
lay tocls are selected and brought to the work area
simply by moving the overlay, the user’s attention can
remain focused on the work area. Because the oper-
ations and views are spatially defined, the user can
work without changing the global context.

Further, the overlay of the present invention,
when used with visual filters, allows operations on an
application’s hidden state, such as the equations in a
spreadsheet, the grouping of objects in a graphical
editor, or the position of water pipes in an architectural
model. The user is able to view and edit this hidden
state in a way that takes up no permanent screen
space and requires no memorization of commands.

Additionally, the see-through interface provides a
new paradigm to support open software architecture
Because the overlay tools can be moved from one ap-
plication to another, rather than being tied to a single
application window, they provide an interface to the
common functionality of several applications and
may encourage more applications to provide common
functionality.

Moreover, because overlay sheets can contain
an unlimited number of tools, they provide a valuable
new substrate on which users can create their own
customized tools and tool sets. In effect, the sheets
can provide a user interface editor, allowing users to
move and copy existing tools, compose macros by
overlapping tools, and snap tools together in new
configurations. Indeed, one overlay sheet can even
be used to edit another.

While the above is a complete description of spe-
cific embodiments of the invention, various modifica-
tions, alternative constructions, and equivalents may
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be used. For example, while the above description of
overlay tools stresses applications in graphical edit-
ing, many of the described tools can potentially be
used in any screen-based application, including
spreadsheets, text editors, muiti-media editors, paint
programs, solid modelers, circuit editors, scientific
visualizers, or meeting support tools. The overlays
can be used over animated media, including video
and computer graphics. This is a particularly compel-
ling application area because people viewing moving
media are particularly reluctant to glance about from
the workpiece to menus off on the side because they
might miss an important event. In the context of ani-
mated media, the media itself may provide the event
that triggers a button. For example, to make an object
orange in a succession of frames of an animation, the
user might just hold down a button in the place where
that object appears. As each new frame is drawn, the
button would be applied to the object at that position
in that frame, automatically. In addition, while the em-
phasis above has been in the use of the overlay tools
in connection with application programs, the overlays
can be used in window systems to position windows
and set parameters of the window system, such as
window border colors, keyboard macros, and the like.

Therefore, the above description should not be
taken as limiting the scope of the invention as defined
by the claims.
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the use of a displayed cursor, wherein:

the system displays a visual depiction of
an overlay having a plurality of delineated re-
gions, each specifying an operation and referred
to as a click-through tool;

the overlay s positionable relative to the
displayed data; and

a user inferaction with the cursor on a por-
tion of the displayed data through a given dlick-
through tool causes the operation specified by
the given click-through tool to be carried out on
the portion of the displayed data.

A method of operating a processor-based ma-
chine, the machine including

a user input facility,

a display device,

a processor coupled to the user input fa-
cility and the display device,

a storage system for storing information in-
cluding instructions defining at least one program
to be executed by the processor and a set of as-
sociated data,

the method comprising operating the proc-
essor to perform the steps of:

executing the program so as to operate on
the data and to display a visible representation
thereof on the display device; and

executing an overlay program that

generates a visual depiction of a transpar-
ent overlay having a number of delineated re-
gions thereon,

responds to a first set of signals by posi-
tioning the overlay relative to the visible repre-
sentation,

responds to a second set of signals char-
acterized by position information relative to the
overlay and the visible representation, and

generates a third set of signals and com-
municates the same {o the program, the third set
of signals depending on the relative position of
the overlay and the visible representation and on
the position information that characterizes the
second set of signals.

The method of claim 2 wherein the program is a
window system that manages a plurality of appli-
cations such that the visual representation repre-
sents a partitioning of the screen into regions rep-
resenting each application determined by relative
position of the second set of signals to the appli-
cation screen regions.

The method of claim 2 wherein:

the delineated regions specify different
particular operations to be performed on the
data; and

at least one particular operation augments
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the data, or removes, extracts or modifies a por-
tion of the data.

The method of claim 2 wherein:

the user input facility includes a user-
actuated device; and

atleast some of the first and/or the second
set of signals result from a user’s actions with the
user-actuated device.

The method of claim § wherein the user-actuated
device is a pointing device and the second set of
signals results from the user performing a ges-
ture with the useractuated device, such that the
gesture has a distinguished feature point.

The method of claim 5 wherein:

the delineated regions specify different
particular operations to be performed on the
data; and

said step of generating a third set of sig-
nals includes modifying signals resuiting from
the user’s actions with the user-actuated device
to specify the particular operation.

A method of operating a processor-based ma-
chine, the machine including

a user input facility,

a display device,

a processor coupled to the user input fa-
cility and the display device,

a storage system for storing information in-
cluding instructions defining at least one applica-
tion program to be executed by the processor and
at least one application data structure including
a number of application data items,

the method comprising operating the proc-
essor to perform the steps of:

executing the application programso as to
manipulate the application data structure and
display a representation thereot, referred to as
the visible representation, on the display device;

generating a visual depiction of a trans-
parent overlay having a number of delineated op-
eration-specifying regions thereon;

responding to a first set of signals for pos-
itioning the overlay relative to the visible repre-
sentation;

responding to a second set or signals char-
acterized by position information relative to the
overlay and the visible representation; and

generating a third set of signals and com-
municating same to the application program, the
third set of signals depending on the relative pos-
ition of the overlay and the visible representation
and on the position information that characterizes
the second set of signals;

the third set of signals specitying a partic-
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ular operation when the position information is in
a predetermined relationship with the delineated
region ofthe overlay that specifies that particular
operation.

A method for applying a software tool to a work-
piece in an interactive computer system, the soft-
ware tool having certain properties, the system
comprising

a processor coupled to a display screen
and to at least one input device suitable for posi-
tioning an object with respect to the display
screen, and

user interface software that the processor
executes, that controls at least a portion of the
display screen, and that is responsive to said in-
put device,
the method comprising the steps of:

using the processor, the user interface
software, and the display screen to display a win-
dow whose contents represent the workpiece;

using the processor, the user interface
software, and the display screen to display a
transparent object that represents the tool;

using the processor, the user interface
software, and the input device to select at least
a portion of the workpiece for interaction with the
tool by positioning the transparent object repre-
senting the tool with respect to the window rep-
resenting the workpiece;

using the processor, the user interface
software, and the input device to selectively ap-
ply the tool to the portion of the workpiece thus
selected, in such manner as to alter the contents
of the selected portion of the workpiece, the na-
ture of the alteration being determined at least in
part by the properties of the tool.

A method of operating a processor-based ma-
chine, the machine including

a display device,

a pointing device for controlling the posi-
tion of a cursor on the display device in response
to user input,

a processor coupled to the pointing device
and the display device,

the method comprising operating the proc-
essor to perform the steps of:

executing an application program so as to
manipulate an associated application data struc-
ture and display a representation thereof, refer-
red to as the visible representation, on the display
device;

generating a visual depiction of a trans-
parent overlay having a number of delineated op-
eration-specifying regions thereon;

positioning the overlay relative to the visi-
bie representation;
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positioning the cursor within a particular
delineated region and in a predetermined rela-
tionship to a particular object in the visible repre-
sentation; and

performing the operation specified by the
particular delineated region on the particular ob-
jectin response to a cursor event at that position.
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(54) A method and an arrangement for scrolling information presented on a display of a mobile

station

(57)  The invention relates to a method and an ar-
rangement for scrolling information (12) presented on a
display of a mobile station. According to the invention a
pointing means (17) is moved on the active area of the
display (15), and the displayed part of the information
(12, 13, 14) on the display (15) is scrolled in the direction
of the movement of the pointing means (17). The point-
ing means (17) can also be moved on a touch surface.
Said presented information (12, 13, 14) is left scrolling
in the direction of the movement when the pointing
means (17) is moved outside the active area of the dis-
play (15). The displayed part of the presented informa-
tion (12, 13, 14) is left scrolling, even if the pointing

P

means (17) is lifted off the surface of the active area of
the display. The displayed part teft scrolling will scroll at
a rate retarding by itself. Said presented information (12,
13, 14} is stopped by touching the active area of the dis-
play (15) with the pointing means (17). The scrolling rate
of said presented information (12, 13, 14) on the display
(15) is indicated by generating a sound which is propor-
tional to the speed of the movement. Said presented in-
formation (12, 13, 14) is arranged in the form of an im-
aginary cylinder (11) rotating in the display (15), where-
by the elements (13, 14) of a list (12), such as text and
symbols, are displayed on the outer surface of the cyl-
inder (11).

12 11
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Description

The object of the invention is a method defined in
the ingress of claim 1 and an arrangement defined in
the ingress of claim 12 in order to scroll data presented
on a display of a mobile station.

Information such as facts, names and/or numbers
concerning persons or things, are often stored in the
form of a list in the memory of a mobile station. Data
relating to the same fact form an element of the list.

For selecting an element in a list there are known
methods, which for selection presents one or more al-
ternative elements at a time on the display of the mobile
station. The scrolling of the list is controlled by a sepa-
rate control means. However, this way of action has a
problem in that in small-sized devices generally only the
options presented on the display are visible because the
displays are rather small and in the present way they do
not have space for several list elements at the same
time. The scrolling of the lists requires control means,
such as keys or a rotatable knob, which require space
on the device surface. A mouse pointer can not be used
in small-sized devices, such as in present-day mobile
stations, because no interface is available for a mouse,
Also in other respects a mouse pointer is not really suit-
able in connection with a smali-sized portable device.

A disadvantage with prior art methods is that from
a long list it is difficult to get into view the list elements,
such as names and/or numbers. With the current display
procedures only one or a few of the list elements at a
time are visible in the device's display, and there is not
sufficiently space to display an element in its whole
width on the display. A further disadvantage is that a
control means is required on the device surface in order
to handle the list.

Touch screens are also already known in personal
computers, in personal digital assistants (PDA) and in
oscilloscopes. Touch screens are used for information
input by touching an icon shown on the display with a
finger, a special pen or with some other pointing means.

The object of the invention is to solve the above pre-
sented problems of prior art, particularly to facilitate the
scrolling of a long list. In order to present the list on the
display there is at the same time presented a method
which is faster, easier and clearer than the prior meth-
ods.

The characteristic features of the method according
to the invention are presented in the characteristic
clause of claim 1. The characteristic features of the de-
vice according 1o the invention are presented in the
characteristic clause of claim 12. Preferred embodi-
ments of the invention are presented in the dependent
claims.

The objsct of the invention is a method to scroll data
presented on the display of a mobile station. According
to the invention the control area of the display is touched
with a pointing means, the pointing means is moved in
contact with the control area of the display, and the dis-
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played part of the presented information is scrolled in
the display in the direction of the movement of the point-
ing means. The control area of the display can be a
touch sensitive area arranged on the surface of the dis-
play, or a separate surface in another location of the mo-
bile station for controlling the display.

According to a preferred embodiment of the inven-
tion the displayed part of the information presented on
the display of said mobile station is left scrolling in the
vertical direction, even if the pointing means is removed
from the control area of the display. Said removal is ef-
fected by moving the pointing means along the control
area of the display and out from it, or by lifting the point-
ing means from the control area of the display. The ver-
tical scrolling direction here means the column direction,
or in other words the direction which is transversal to the
lines.

According to a preferred embodiment of the inven-
tion said displayed part, which is left scrolling, is ar-
ranged to scroll at a rate measured for, or proportional
to, the speed of the pointing means at the last moment
before it was removed. The speed of the pointing means
in the direction of the control area of the display, when
the pointing means is removed, determines the initial
scrolling speed of the displayed part and the scroll di-
rection.

According to a preferred embodiment of the inven-
tion said displayed part is left scrolling if said speed ex-
ceeds a predetermined limit. When the speed is lower
than this limit the displayed part is immediately stopped.

According to a preferred embodiment of the inven-
tion said displayed part left scrolling is arranged to scroll
and retard by itself. Said retardation is effected by ap-
plying a suitable, for instance an exponential formula.

According to an embodiment of the invention said
scrolling is stopped if the scrolling speed falls below a
predetermined limit. This limit is in practice selected
substantially lower than the limit for leaving the dis-
played part to scroll. Thus the scrolling is left on only at
a clearly perceivable speed, but is completely stopped
only when in practice it appears to have stopped. Thus
a movement, which was thought of as stopped, will not
cause the displayed part to drift.

According to an embodiment of the invention said
presented information is stopped by touching the dis-
play control area with a pointing means.

According to an embodiment of the invention the
presented information's scrolling rate on the display is
indicated by generating a sound proportional to the
scrolling rate. The proportionality to the scrolling rate is
indicated by the frequency and/or the loudness of the
sound. Interruptions of the sound can also be used to
represent the scrolling, for instance by changing the in-
terruption frequency.

According to an embodiment of the invention said
presented information is shown in the display on the out-
er surface of an imaginary cylinder. The presented in-
formation comprises data elements, such as text and
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symbols. The axis of the imaginary cylinder is preferably
in the plane of the display or horizontally below it. A part
of the elements of the information, such as a list, are
visible in the display. The cylinder can be rotated with a
pointing means, such as with a finger, by touching the
displayed part of the list element and by moving this el-
ement with the pointing means in the desired direction,
whereby elements which in the motion direction are in
front of the element to be moved will be moved outside
the display, and new elements will be visible behind this
element. When required, the imaginary cylinder is also
moved sideways.

An object of the invention is also an arrangement to
scroll the presented information, whereby the arrange-
ment comprises a display to present the information and
a means 1o scroll said presented information. According
to the invention the arrangement comprises a display
control area for detecting the touch of a pointing means,
and means to scroll the displayed part of the presented
information in the movement direction of the pointing
means.

In an embodiment of the invention said control area
comprises an active surface on the display for detecting
a touch of the pointing means. The active surface is
most preferably a surface covering almost the whole dis-
play, but alternatively it has a strip form. There can be
a plurality of said strips.

In an embodiment of the invention said control area
includes a separate touch surface for detecting a touch
of the pointing means.

In one embodiment of the invention the arrange-
ment further includes means o gensrate a sound which
is proportional to the scrolling speed of the presented
information.

In an embodiment of the invention the arrangement
also includes means to display said presented informa-
tion in the form of a cylinder rotating in the display,
whereby the information elements, such as text and
symbols, are displayed on the outer surface of the cyl-
inder. The size of the elements and their spacing can be
displayed in different sizes in different places on the cy!-
inder, and the edge formed by the slements can be pre-
sented as an arcuate edge in order to give a three-di-
mensional impression. Thus an element scrolled down-
wards from the top is first drawn as a small element,
shifted slightly aside in the transversal direction, which
then grows and moves horizontally to the center when
it scrolls into the middle of the display.

Atouch screen can be realized with any display unit
known per se. The display can be touched by a pointing
means, such as a finger, a common pencil, or a corre-
sponding passive means. In these display units a point-
ing means on the display is located for instance by ca-
pacitive, resistive, infrared or acoustic deteclion. A
touch screen is usually realized with a cathode ray tube,
but in the method according 1o the invention most pref-
erably with a liquid crystal display (L.CD) or a corre-
sponding flat display.
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Advantages of the invention are particularly the
speed and the ease with which the list is managed, as
well as the clarity of presentation. With the method ac-
cording to the invention preferably several list elements
are shown in consecutive order. New slements are
scrolled into view, and the previous elements are
scrolled out from the display. The method according to
the invention also has the advantage that no separate
scrolling keys are required. This is an important advan-
tage, as for instance on the surface of mobile stations
there is limited space for keys.

The invention is described below with the aid of the
enclosed drawings, in which:

figure 1 shows the list form according 1o the inven-
tion on the outer surface of an imaginary cylinder;

figure 2 shows a mobile station, in which the ar-
rangement according to the invention is realized;

figure 3 shows an embodiment of the method ac-
cording to the invention as a flow chart;

figure 4 shows some parts of a mobile station, which
are essential regarding the invention; and

figure 5 shows a mobile station, in which the ar-
rangement according to an embodiment of the in-
vention is realized.

Figure 1 shows a preferred list form according to
the invention. The list 12 with its elements 13, 14 is ar-
ranged on the outer surface of an imaginary cylinder 11.
Only a part of the list 12, or one or more elements 14
are visible at a time on the display 15 of the device. In
figure 1 the display 15 is illustrated by a rectangle drawn
in broken lines. If the desired list element 13 is not vis-
ible, then the list 12 and the cylinder are rotated around
their axis 16. The list 12 is handled by a pointing means
17.

The elements 13, 14 of the list 12 shown on the out-
er surface of the imaginary cylinder can contain i.a. text,
numbers, and patterns. At the end of a list 12 and the
next beginning there is preferably arranged an empty
space, particularly when the list 12 is short, so that the
repeated beginning of the list is clearly perceived, and
so that a short list 12 will not be repeated on the display.
The size of the elements 13, 14 of the list 12 and the
line spacing can be changed, e.g. according to their lo-
cation,.

All elements to be displayed in the display 15 do not
have space to display their whole length in the display
15, so the cylinder can be also moved sideways.

Figure 2 shows schematically a mobile station 21,
in which the invention is applied. The mobile station 21
comprises i.a. a display 22, a speaker 23 and a key-
board 24 in order to use the normal functions and to in-
put data. A list 26 is shown on the display 22. Broken
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