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1
SYNCHRONIZING OVER A NUMBER OF
SYNCHRONIZATION MECHANISMS USING
FLEXIBLE RULES

BACKGROUND OF THE INVENTION

1. The Field of the Invention

The present invention relates to computer network opera-
tions. In particular, the present invention relates to methods,
systems, and computer program products for synchronizing
by flexibly using multiple synchronization mechanisms
while considering the then-existing economic and/or secu-
rity considerations involved with synchronization over a
particular mechanism to a particular device.

2. Background and Relevant Art

Computer networks allow more individuals more ready
access to more information than ever before. The Internet is
a conglomerate of interconnected computer networks that
spreads far and wide throughout the world. An individual
need only have an Internet-enabled computer (or device) and
an Internet connection to be able to access information from
across the globe.

Mobile devices such as mobile telephones, Personal Digi-
tal Assistants (PDAs) and laptop computers also may have
the ability to access various objects (e.g., documents) for
particular remote network locations. However, accessing
documents over a network may be quite time consuming and
costly and thus remote access may be unacceptable in many
applications. Accordingly, with the memory capabilities of
mobile devices increasing, many mobile devices have cach-
ing mechanisms that allow them to locally store synchro-
nized copies of more relevant objects that are also stored in
another network location.

Synchronization ensures that the copy of a document on
the mobile device is an identical replica of a remote copy of
the document. After synchronization, however, changes may
be made to both of the remote copy or the local copy.
Accordingly, the local and remote copies may become quite
different after some time. However, the copies are once
again made identical during the next synchronization.

Also current synchronization mechanisms do not consider
the costs associated with synchronization. For example,
synchronization mechanisms may involve networks with a
wide variety of costs and latencies. For example, synchro-
nization over an analog dialup that uses a Global System for
Mobile communication (GSM) network has a relatively low
bandwidth of approximately 9.6 to 14.4 kilobits per second.
A connection over a General Packet Radio Server (GPRS)
network allows somewhat faster throughput speeds of up to
115 kilobits per second. However, current GPRS networks
are relatively expensive. A connection over an 802.11b (also
called “WiFi”) wireless network can attain speeds of up to
11 megabits per second, orders of magnitude greater than
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GSM or GPRS. In addition, use of 802.11b networks is
typically free to those who have access to the network,
However, 802.11b networks are typically less available as
they currently span much less of the globe than do GSM or
GPRS networks.

Current synchronization techniques also typically do not
consider security concerns associated with synchronization.
For example, the channel used for synchronization may have
various levels of inherent security that guard against eaves-
dropping. For example, physical network connections are
very secure, 802.11b networks are somewhat secure, with
GSM dialup networks being somewhat less secure, and with
GPRS networks being less secure. Also, the devices to
which data may be synchronized may have varying levels of
security. For example, some devices give access to any
locally stored document to anyone who happens to possess
the device, even if that person just stole the device from the
legitimate user. Other devices are more secure by requiring
a password when first logging in. Others are even more
secure by having the screen saver turn on after a short period
of lack of use, and require a password to restore the device
once the screen saver is on. Others are yet even more secure
by having an encrypted file system.

BRIEF SUMMARY OF THE INVENTION

The principles of the present invention provide for sys-
tems, methods and computer program products for perform-
ing synchronization in a flexible manner. Instead of just
allowing the user a choice as to what to synchronize and then
having the user manually synchronize, one or more of the
pair of computer systems involved with the synchronization
automatically considers the then-existing circumstances to
determine whether, when and how to synchronize. In one
described example, the synchronization occurs between a
mobile device and a synchronization server. The methods of
the present invention may be performed by either synchro-
nizing computer system (e.g., by either the mobile device or
the synchronization server).

1t is first determined that a data item is to be synchronized.
This may be accomplished in response to a user-issued
instruction, or in response to a message from the other
device indicating that the data item ought to be synchro-
nized. The determination may also have been made by
consulting a flexible set of rules that are dictated by a
network administrator of the synchronization server as well
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The synchronization rules also take into consideration the
location of the mobile device and user. If none of the
available synchronization mechanisms are selectable based
on the flexible rules, then the synchronization may be
delayed, and then the synchronization mechanism may be
repeatedly reevaluated until there is a selectable synchroni-
zation mechanism.

Should synchronization occur, and later a security condi-
tion for synchronization changes, then the effects of the
synchronization may be reversed. For example, suppose that
the flexible rules indicate that synchronization to a mobile
device is proper since the mobile device has configuration
settings in which a screen saver is activated after five
minutes of non-use, and that a user password is required to
restore the device each time the screen saver is activated.
Later, suppose the user deactivates the screen saver. The
synchronization server may query the mobile device to
determine that the screen saver has been deactivated. Since
the original conditions for synchronization are no longer
met, the synchronization server may issue an instruction to
erase the data item from the mobile device, or (if change
tracking is enabled) then may instruct the mobile device to
roll back the data item to its pre-synchronization state.

Accordingly, the principles of the present invention per-
form synchronization in a much more appropriate manner
considering the surrounding circumstances. In addition, the
effects of synchronization may be reversed if security
changes so require. Furthermore, the network administrator
(and the mobile user) has much more control over when
synchronization occurs. This results in a more secure, cost
effective, and efficient synchronization design.

Additional features and advantages of the invention will
be set forth in the description that follows, and in part will
be obvious from the description, or may be learned by the
practice of the invention. The features and advantages of the
invention may be realized and obtained by means of the
instruments and combinations particularly pointed out in the
appended claims. These and other features of the present
invention will become more fully apparent from the follow-
ing description and appended claims, or may be learned by
the practice of the invention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to describe the manner in which the above-recited
and other advantages and features of the invention can be
obtained, a more particular description of the invention
briefly described above will be rendered by reference to
specific embodiments thereof which are illustrated in the
appended drawings. Understanding that these drawings
depict only typical embodiments of the invention and are not
therefore to be considered to be limiting of its scope, the
invention will be described and explained with additional
specificity and detail through the use of the accompanying
drawings in which:

FIG. 1 illustrates an example of a telephonic device that
may implement the principles of the present invention.

FIG. 2 illustrates an example network environment that
provides a suitable operating environment for the present
invention.

FIG. 3 illustrates a flowchart of a method for flexibly
synchronizing in accordance with the present invention.

35

45

50

55

60

65

SCIVer. ;.

4

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention extends to systems, methods and
computer program products for performing synchronization
in a flexible manner. Two computer systems in a network
each have a local store that contains a copy of a data item
that is to be synchronized between the two computer sys-
tems. One of the computer systems may be, for example, a
mobile device while the other may be a synchronization

the de

zation may be rev

zatio
The embodiments of the present invention may comprise
a general-purpose or special-purpose computer system
including various computer hardware components, which
are discussed in greater detail below. Embodiments within
the scope of the present invention also include computer-
readable media for carrying or having computer-executable
instructions or data structures stored thereon. Such com-
puter-readable media may be any available media, which is
accessible by a general-purpose or special-purpose com-
puter system. By way of example, and not limitation, such
computer-readable media can comprise physical storage
media such as RAM, ROM, EPROM, CD-ROM or other
optical disk storage, magnetic disk storage or other magnetic
storage devices, or any other media which can be used to
carry or store desired program code means in the form of
computer-executable instructions or data structures and
which may be accessed by a general-purpose or special-
purpose computer system.

When information is transferred or provided over a net-
work or another communications connection (either hard-
wired, wireless, or a combination of hardwired or wireless)
to a computer system or computer device, the connection is
properly viewed as a computer-readable medium. Thus, any
such connection is properly termed a computer-readable
medium. Combinations of the above should also be included
within the scope of computer-readable media. Computer-
executable instructions comprise, for example, instructions
and data which cause a general-purpose computer system or
special-purpose computer system to perform a certain func-
tion or group of functions.

In this description and in the following claims, a “com-
puter system” is defined as one or more software modules,
one or more hardware modules, or combinations thereof,
that work together to perform operations on electronic data.
For example, the definition of computer system includes the
hardware components of a personal computer, as well as
software modules, such as the operating system of the
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In one embodiment, the client 210 is a mobile device tional result-oriented step. However, in the illustrated
while the server 220 is a synchronization server that pro- embodiment, the step 303 includes corresponding acts 304,
vides synchronization services to the mobile device. 305, 306 and 307. N
Although the principles of the present invention is not otethat in the illustratéd;,embodimeg?, whether to syn-

limited to this embodiment, the following will frequently 5 %
refer to the embodiment in which the client 210 is a mobile
device and the server 220 is a synchronization server. The
synchronization server may be a service offered within a
corporate network or other common sphere of trust protected
by a firewall other security mechanisms from the general
public. The mobile device may sometimes be within the
corporate network, and may other times be far outside of the
corporate network. However, there is no requirement that the
synchronization server be within a corporate network. The
synchronization server may be, for example, implemented as
an Internet service,

} illustrates a flowchart-of a method 300 for-per-
forming synchronization in a flexible manner considering
ithy Xisting, ‘circumstances. Ihe method ; determines’ *
3 oW, and! when to’ Synchronize’a particular: data:
g a flexible set of rules that may be set by
‘the ‘computer systems, and possible over:
d by:a:network admidistrator. It should be »
ethod 300 may. be performed by either the. 25
;2 mobile device) or the server 220. (eg,a

ichronization server):

‘d‘etérmined,by_;conSu}iation with:a sét.of.
mination may_also be made by receiving. an
om the sync tion server, or by receiving
ed instruction from-the mobile device user: There
irement that the flexible set of niles be consulted
ther the data item is to be synchronized.
has been determinied that a data item s to. be
e me s which synchronization
ichronization mechanisms

e T T isms would:be G8N
is example. Note that although the determination
ynchronization ‘mechanismis:(act 304) is illus-
cutring ‘after the determination as. to whether to
the data item, the identification of the available
on mechanisms may occur before determining
iculardata itemis to be: synchronized: For
mobile device or the synchronization serve;
fantly or periodi '

s balance the economic valueof the

1 ¢ Switched
Telephone Network (PSTN) network or GSM is a relatively
slow way of synchronizing, but is currently typically less
expensive than synchronization over a GPRS network. If the
Bl e § data item was relatively small, synchronization may be more
ay be-of - high er’-valuer to-2 penny appropriate over a GSM network since it might not take long
tans t’hatido Dot cont A such--?vords. To.a 45 even over a lower bandwidth connection to synchronize the
strator; contacts stored in.a bqsmess folder data item.

mportanl,lhan contacts stqr»edjl‘n;a' P?“""“"“ Synchronization costs may also depend on the time of
tk-e‘xz.zmples,v th'e g?(gmple,s‘ de{llon- day, or the day of the week. Accordingly, the flexible rules
ariety of criteria f“’m whith:a . may also consider the time of day, and day of the week in
e derlvfidi;based on user prefer- 50 selecting an appropriate network. If the costs associated with
administrator dmlales. a particular synchronization mechanism are to change
3, the ‘method 300 begins by shortly, then the synchronization may be delayed a short
Aible selection rules (act 301). Based  while 50 as to fall into a less expensive cost structure.
onsultation; . it -is - determined: whether or ‘not io

? : 118 The flexible selection rules also may consider the security
synchronize the data item (decision block 302). For 55 of the network associated with the synchronization mecha-
: the network administrator- or mobile :device user

SR 9 C nisms Some networks are inherently more secure than
ctermined that data items must have at'least 2 gthers. For example, the mobile device may be within the
valile in‘order to be synchronized, Spam, for

= ; A 0 same trusted corporate network as the synchronization
might fall below that threshold. If the data item is server. If remotely connected, the security of the connection

not to be synchronized (NO in decision block 302), then the ¢o (e.g., Virtual Private Network “VPN”, Short Message Ser-
method-300:simply-ends without synchronivation. vice “SMS™, Secure Sockets Layer “SSL”, or direct Remote
If the data item is to be synchronized based on the Access Services “RAS™) may be evaluated to determine how
consultation with the flexible set of rules (YES in decision difficult it would be for eavesdropping or redirection of the
block 302), then the method proceeds to a step for flexibly connection.
using an appropriate synchronization mechanism consider- 65 The flexible selection rules may also consider the security
ing the then-existing circumstances (step 303). This may of the mobile device with which synchronization may occur.
include any corresponding acts for accomplishing this func- The mobile device may have some rigid security attributes

artners, spouses, or the like) m
user. E-mails’that contain the words
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7 ABSTRACT

A method and apparatus for simulating at least one gesture
of a pointing device such as a mouse. A left click, right click,
left drag, right drag, and/for mouse movement may be
simulated using a stylus in conjunction with a touch-
semsitive display surface. For example, a computer having
the display surface may defect whether a stylus is being held
down on a touch-sensitive display surface for at least a
threshold amount of time. The computer may further detect
whether the stylus is then removed from the touch-sensitive
display surface after at least the threshold amount of time.
Responsive to the stylus being removed, the computer may
generate at least one event representing a right mouse button
being pressed.

47 Claims, 4 Drawing Sheets
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SIMULATING GESTURES OF A POINTING
DEVICE USING A STYL.US AND PROVIDING
FEEDBACK THERETO

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to U.S. provisional
patent application Serial No. 60/247,844, entitled Simulat-
ing Gestures of a Mouse Using a Stylus and Providing
Feedback Thereto, filed Nov. 10, 2000, which is hereby
incorporated by reference as to its eatirety. The present
application is also rclated to application Ser. No. 09/760,
631, entitled Method and Apparatus For Improving the
Appearance of Digitally Represented Handwriting, filed

Nov. 10, 2000; to application Ser. No. 60/247,841, cntitled :

Highlevel Active Pen Matrix, filed Nov. 10, 2000; to appli-
cation Ser. No. 60/247/973, entitled Selection Handles in
Editing Electronic Documents, filed Nov. 10, 200; to appli-
cation Ser. No. 60,247,842, entitled Insertion Point Bungee
Space Tool, filed Nov. 10, 2000; to application Ser. No.
60/247,400, entitled System and Method for Accepting
Disparate Types of User Input, filed Nov. 10, 2000; to
application Ser. No. 60/247,972, entitled In Air Gestures,
filed Nov. 10, 2000; to application Ser. No. 60/247,831,
entitled Mouse Input Panel Windows Class List, filed Nov.
10, 2000; to application Ser. No. 60/247,843, entitled Mouse
Input Panel and User Interface, filed Nov. 10, 2000; to
application Scr. No. 60/247,479, cntitled System and
Method for Inserting Implicit Page Breaks, filed Nov. 10,
2000; to application Ser. No. 09/750,288, entitled
Classifying, Anchoring, and Transforming Ink, filed Dec.
29, 2000; 1o application Ser. No. 09/736,170, entitled
Highlevel Active Pen Matrix, filed Dec. 15, 2000; and to
application Scr. No. 09/741,107, entitled Mode Hinting/
Switching, filed Dec. 21, 2000; cach of which is incorpo-
rated by reference herein as to their entireties.

FIELD OF THE INVENTION

The present invention is directed generally to apparatus
and methods for simulating various gestures of a pointing
device with multiple switches, such as a two button mouse
in a computer system, and for providing feedback thereto,
and more specifically to simulating gestures such as the left
click of a mouse, the right click of a mouse, and mouse
dragging by manipulation of a stylus in conjunction with a
touch-sensitive computer display, as well as generating
appropriate visual or other fecdback in response to certain
gestures,

BACKGROUND OF THE INVENTION

Typical computer systems, especially computer systems
using graphical user interface (GUI) systems such as
Microsoft WINDOWS, are optimized for accepting user
input from two discrete input devices: a keyboard for
entering text, and a pointing device such as a mouse with
two or more buttons or other selectors for driving the user
interface. Virtually all software applications designed to run
on Microsoft WINDOWS are optimized to accepl user input
in the same manner. For instance, many applications make
extensive use of a primary switch of the pointing device such
as the left button of a mouse (a gesturec commonly referred
to as a “left click” of a mouse) to select an object, and a
sccondary swilch such as the right button of the mouse (a
gesturc commonly reforred to as a “right click” of a mousc)
to display context-sensitive command menus. It is noted that
other operating systems incorporate left and right click
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operability as well. The user may generate other gestures
using the mouse such as by clicking the left or right button
of the mouse and moving the mouse while the button is
depressed (a gesture commonly referred to as either a “left
drag” or a “right drag,” respectively).

While such mouse gestures are of course casily done with
an actual mouse, it is not always convenient for a user to use
a mousc with a computer even though the computer may
have a GUI system. For instance, when using a portable
system there may not always be a surface availablc upon
which to place a mouse. Some systems utilize a touch-
sensitive display screen with a stylus as an input device. The
uscr places the stylus tip upon the touch-scasitive display
screen at various locations to control objects displayed on
the display screen. A problem with this type of system is that
the stylus is limited in the types of actions that may be casily
performed as compared with a mouse. For instance, the
typical stylus can perform only three types of movements:
placing the stylus tip onto the screen, moving the stylus tip
across the screen, and removing the stylus tip from the
screen. While a user may operate a remote toolbar to select
a different tool, the excessive movement renders the control
of the system laborious, inconvenient, and slow. Using the
tip of the stylus-type device, there is presently no convenient
way to simulate or distinguish between, for example, a right
click as opposed to a left click as interpreted by the operating
system.

In order to make the full range of interface features
accessible to users of such a stylus-based computer, there is
a need for an intuitive way of simulating mouse gestures
with the stylus. Although not necessary, it is preferable and
more useful that any new way of simulating mouse gestures
be compatible with existing software applications that con-
ventionally are used with a mouse.

There is also a need for providing helpful feedback to the
user of the stylus to indicatc whether gestures made with the
stylus are those that arc intended by the user. This is useful
with a stylus-type input device since there is conventionally
little to no natural tactile or auditory feedback when using a
stylus than there is when using a mouse (¢.g., the buttons of
a mouse often have a definitive mechanical “click” feel and
sound when pressed). As will be seen, such feedback is even
more useful when provided in conjunction with various
gesture simulation techniques of the present invention.

SUMMARY OF THE INVENTION

As discussed in the various copending patent applications
incorporated herein by reference, aspects of the present
invention are directed to a tablet-like computer that may be
used for directly writing on a touch-sensitive display surface
using a stylus. The computer may allow the user to write and
to edit, manipulate, and create objects through the use of the
stylus. Many of the featurcs discussed in these copending
applications arc even more useful in combination with
various aspects of the present invention discussed herein.

An aspect of the present invention is directed to methods
and apparatus for simulating gestures of a pointing device,
such as a mouse, trackball, or joystick, by use of a stylus on
a touch-sensitive display surface. I'or example, a left click of
a mouse may be simulated, ¢.g., where the user holds the
stylus down on the touch-sensitive display surface without
substantial movement and then removes the stylus from the
display surface before the expiration of a threshold amount
of time. A right click of a mousc may be simulated, e.g.,
where the user waits until at least the threshold amount of
time before removing the stylus. Where the stylus is moved
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along the display surface during certain stylus gestures, left
or right dragging may thereby be simulated.

Another aspect of the present invention is directed to
methods and apparatus for providing feedback to a user in a
stylus-based touch-sensitive display surface computer sys-
tem. The user may accordingly be given some indication that
the user has performed a particular stylus gesture, e.g., by
displaying a visual object on the display surface to indicate
a particular status. Such fecdback may be responsive to
certain stylus gestures such as pressing and holding the
stylus against the display surface for at least a certain
minimum amount of time. More generally, the feedback may
be in the form of a “state change indicator,” which may be
visual on the display surface such as an icon, bitmap, or
other visual object or indicator, and/or auditory such as a
sound cmitted from the computer’s speakers. The state
change indicator may be animated and or otherwise vary
with stylus hold time. Significant advantages of this aspect
of the invention are realized in conjunction with the various
features discussed in the copending patent applications
incorporated herein by refercnce.

These and other features of the invention will be apparent
upon consideration of the following detailed description of
preferred embodiments. Although the invention has been
defined using the appended claims, these claims are exem-
plary in that the invention is interided to include the elements
and steps described herein in any combination or subcom-
bination. Accordingly, there are any number of alternative
combinations for defining the invention, which incorporate
one or more clements from the specification, including the
description, claims, and drawings, in various combinations
or subcombinations. It will be apparent to those skilled in the
relevant technology, in light of the present specification, that
alternate combinations of aspects of the invention, either

alone or in combination with one or more elements or steps 3

defined herein, may be utilized as modifications or alter-
ations of the invention or as part of the invention. It is
intended that the written description of the invention con-
taincd herein covers all such modifications and alterations.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing summary of the invention, as well as the
following detailed description of preferred embodiments, is
better understood when read in conjunction with the accom-
panying drawings, which are included by way of example,
and not by way of limitation with regard to the claimed
invention. In the accompanying drawings, elements are
labeled with three-digit reference fqumbers, wherein the first
digit of a reference nuraber indicates the drawing number in
which the element is first illustrated. The same reference
number in different drawings refers to the same element.

FIG. 1 is a schematic diagram of a general-purpose digital
computing environment that can be used to implement
various aspects of the invention.

FIG. 2 is a plan view of a tablet computer and stylus that
can be used in accordance with various aspects of the present
invention.

FIG. 3 is a flow chart showing an exemplary sel of steps
that may be performed in order to simulate a right click of
a mouse according to aspects of the present invention.

FIG. 4 is a plan view of an illusirative embodiment of a
trackball having left and right buttons.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 shows an exemplary cmbodiment of a general-
purpose digital computing environment that can be used to
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implement various aspects of the invention. In this
embodiment, computer 100 includes a processing unit 110,
a system memory 120, and a system bus 130 that couples
various system components including the system memory to
the processing unit 110. The system bus 130 may be any of
several types of bus structures including a memory bus or
memory controller, a peripheral bus, and a local bus using
any of a varicty of bus architectures. The system memory
includes read only memory (ROM) 140 and random access
memory (RAM) 150,

A basic input/output system 160 (BIOS), containing the
basic routines that help to transfer information between
clements within the computer 100, such as during start-up,
is stored in ROM 140. Computer 100 also includes a hard
disk drive 170 for reading from and writing to a hard disk
(not shown), a magnetic disk drive 180 for reading from or
writing to a removable magnetic disk 190, and an optical
disk drive 191 for reading from or writing to a removable
optical disk 192 such as a CD ROM or other optical media.
The hard disk drive 170, magnetic disk drive 180, and
optical disk drive 191 are connected to the system bus 130
by a hard disk drive interface 192, 2 magnetic disk drive
interface 193, and an optical disk drive interface 194,
respectively. The drives and their associated computer-
readable media provide nonvolatile storage of computer
readable instructions, data structures, program modules and
other data for the personal computer 100. It will be appre-
ciated by those skilled in the art that other types of computer
readable media which can store data that is accessible by a
computer, such as magnetic cassettes, flash memory cards,
digital video disks, Bernoulli cartridges, random access
memories (RAMs), read only memories (ROMs), and the
like, may also be used in the cxample operating cnviron-
ment.

A number of program modules can be stored on the hard
disk, magnetic disk 190, optical disk 192, ROM 140 or
RAM 150, including an operating system 195, one or more
application programs 196, other program modules 197, and
program data 198. A user can enter commands and infor-
mation into the computer 100 through input devices such as
akeyboard 101 and pointing device 102. Other input devices
(not shown) may include a microphone, joystick, game pad,
satellite dish, scamner, or the like. These and other input
devices are often connected to the processing unit 110
through a serial port interface 106 that is coupled to the
system bus, but may be connccted by other interfaces, such
as a parallel port, game port or a universal serial bus (USB).
A monitor 107 or other type of display device is also
connected to the system bus 130 via an interface, such as a
video adapter 108. In addition to the monitor, personal
computers typically include other peripheral output devices
(not shown), such as speakers and printers.

The computer 100 can operate in a networked environ-
ment using logical connections to one or more remote

5 computers, such as a remote computer 109, Remote com-

puter 109 can be a server, a router, a network PC, a peer
device or other common network node, and typically
includes many or all of the clements described above
relative to computer 100, although only a memory storage
device 111 has been illustrated in FIG. 1. The logical
connections depicted in FIG. 1 include a local area network
(LAN) 112 and a wide arca network (WAN) 113. Such
networking environments are commonplace in offices,
enterprise-wide computer networks, intranets and the Inter-
net.

When used in a2 LAN networking environment, the com-
puter 100 is connected to the local network 112 through a
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network interface or adapter 114. When used in a WAN
networking environment, the personal computer 100 typi-
cally includes a modem 115 or other means for cstablishing
a communications over the wide arca network 113, such as
the Internet. The modem 115, which may be internal or
external, is connected to the system bus 130 via the serial
port interface 106. In a networked environment, program
modules depicted relative to the personal computer 180, or
portions thereof, may be stored in the remote ‘memory
storage device.

It will be appreciated that the network connections shown
are example and other means of establishing a communica-
tions link between the computers can be used. The existence
of any of various well-known protocols such as TCP/P,
Ethernet, FTP, HTTP and the like is presumed, and the
system can be operated in a client-server configuration to
permit a user to retrieve web pages frorm a web-based server.
Any of various conventional web browsers can be used to
display and manipulate data on web pages.

FIG. 2 illustrates a tablet PC 201 that can be used in
accordance with various aspects of the present invention.
Any or all of the features, subsystems, and functions in the
system of FIG. 1 can be included in the computer of FIG. 2.
Tablet PC 201 includes a large touch-sensitive display
surface 202, e.g., a digitizing flat panel display, for example,
a liquid crystal display (LCD) screen, on which a plurality
of windows 203 is displayed. Using a stylus 204, a user can
select, highlight, and write on the digitizing display area.
Examples of suitable digitizing display pancls include clec-
tromagnetic pen digitizers, such as the Mutoh or Wacom pen
digitizers. Other types of pen digitizers, e.g., optical
digitizers, may also be used. Tablet PC 201 interprets marks
made using stylus 204 in order to manipulate data, enter text,
and execute conventional computer application tasks such as
spreadsheets, word processing programs, and the like. The
touch-sensitive display surface 202 may also be proximity-
sensitive such that the tip of the stylus 204 may be sensed by
the display surface 202 when proximate thereto without
actually contacting the display surface 202.

The stylus 204 may be equipped with or without buttons
or other features to augment its sclection capabilities. In one
embadiment, the stylus 204 may be implemented as a
“pencil” or “pen”, in which one end constitutes a writing, or
tip, portion and the other end constitutes an “eraser” end
that, when moved across the display indicates portions of the
display that are to be crased. The term “stylus” as used
herein is intended to have a broad definition that includes,
e.g., a user’s own finger, a pen, a pencil, a stick, a rod, and/or
any other similar device suitable for pointing at a particular
location on the display surface 202, Other types of pointing
devices, such as a mouse, trackball, or the like may be used
with the tablet PC 201 in addition to or conjunction with the
stylus 204.

Referring now to FIG. 3, an example of how a left drag
of a mouse is simulated is now discussed. Any or all of steps
set forth herein and in FIG. 3 may be performed by special
software, hardware, and/or firmware that ruos in conjunction
with, or is part of, the operating system of the computer 201.
To simulate a left drag, the user may touch the stylus 204 or
other similar user pointing device to the display surface 202,
an action referred to hercafter as “placing the stylus down”
(step 301). Responsive to the computer 201 detecting the
stylus being placed down, the computer 201 may begin
counting time, c.g., by using a timer, up to at least a
threshold amount of time. A timcont condition is defined
responsive to the threshold amount of time having passed. In
one embodiment, the threshold amount of time is about 600
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milliseconds. However, the threshold amount of time may be
any amount of time, such as between 300 and 600
milliscconds, or between 600 milliscconds and 1 second, or
greater than 1 second. If the computer 201 detects that the
stylus moves prior to the timeout condition occurring (step
302), then in response the computer 201 may generate a
standard Microsoft WINDOWS LefiMouseButtonDown
event (or other event that represents the primary switch of
the pointing device being activated) in the original position
where the stylus 204 was first brought down (step 314),
which may be sent to the software application presently in
use. At this point, any subscquent movement of the stylus
204 across the display surface 202 may be detected by the
computer 201 (step 315), and in response the computer 201
may geacrate one or more Microsoft WINDOWS Mousc-
Move events (step 316) (or other events representing move-
ment of the pointing device). When the stylus 204 is
eventually removed from the display surface 202 (hereafter
referred 1o as “bringing the stylus up”) (sicp 317), the
computer 201 may detect this and in responsc may generate
a Microsoft WINDOWS LeftMouseButtonUp event (step
318) (or other event that represents the primary switch being
deactivated). Thus, via steps 301, 302, and 314-318, a left
drag of a mouse is simulated.

To simulate a left click of a mouse without dragging, if the
computer 201 detects that the stylus 204 is not moved prior
1o the timeout condition (step 302), and il instead the stylus
204 is brought up prior to the timeout condition (step 303),
then in response the computer 201 may generate first a
LeftMouscButtonDown event (or other event that represents
the primary switch being activated), then optionally delay
for a period of time (step 320) such as about 20 milliseconds
or some other amount of time, and then generate a Left-
MouseButtonUp cvent (steps 304 and 318) (or other cvent
that represents the primary switch being deactivated). Thus,
via steps 301-304, 318, and 320, a slightly delayed left click
of a mouse is simulated.

To simulate a right click of a mouse without dragging, if
the computer 201 detects that the stylus 204 is not moved
either prior to the timeout condition or after the timeout
condition (steps 302 and 305), and if the computer 201
further detects that the stylus 204 is not brought up until after
the timeout condition (steps 303 and 306), and thus that the
stylus 204 has been held down for at least the threshold
amount of (ime, then in response the computer 201 may
generate first a Microsoft WINDOWS RightMouscButton-
Down event (step 307) (or other event that represents the
secondary switch of the pointing device being activated).
The computer 201 may, further in response, optionally delay
for a period of time (step 308), in one embodiment, about 20
milliscconds, and then gencrate 2 Microsoft WINDOWS
RighiMouseButtonUp event (step 313) (or other event that
represents the secondary switch being deactivated). The
computer 201 may also generate and display a state change
indicator (step 319) that indicates to the user that the stylus
204 has been placed down for a certain minimum amount of
time, as will be discussed below in more detail.

1t is noted that steps 319 may be in a variety of places
within the flowchart of F1G. 3 other than the one shown,
such as between steps 305 and 306. Steps 301-303,
305308, and 313, thus simulate a delayed right click of a
mouse.

To simulate a right drag of a mouse, if the computer 201
detects that the stylus 204 is not moved until after the
timecout condition (step 305), then in response the computer
201 may generate a RightMouseButtonDown event (step
309) (or other cvent that represents the secondary switch
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being activated). Upon the computer 201 detecting any
subscquent movement of the stylus 204 along the display
surface 202 (step 310), the computer 201 may in responsc
generate one or more MouseMove events (step 311) (or
other events representing movement of the pointing device).
‘When thé computer detects that the stylus 204 is brought up
(312), in response the computer 201 may gencrate a Right-
MouseButtonUp event (step 313) (or other event that rep-
resents the secondary switch being deactivated). This
simulates, via steps 301-303, 305, and 309-313, a right drag
of a mouse.

As a further feature of the right click simulation, a special
hold event may be defined wherein the stylus 204 is held
against the display screen 202 without substantial movement
for at least another threshold amount of time, say about 700
milliseconds, or between 0.5 and 1 second, or between about
1 and 3 seconds or more, the computer 201 may detect such
a hold event and in response act by immediately interpreting
any subsequent holding of the stylus 204 as holding the left
mouse button down (or, more generally, as activating the
primary switch of the pointing device). Thus, the computer
201 may, after 600 milliscconds of stylus holding, go on to
steps 305 and 319, and where the stylus 204 is released prior
to, say, 5 seconds or some other time limit, then steps
306-308 and 313 may be implemented. However, if instead
the stylus 204 is further held at least 5 seconds, then the
special subroutine may, in response, immediately generate a
LeftMouseButtonDown event (or other event that represents
the primary switch of the pointing device being activated).
Then, when the stylus is cventually released, a [eftMouse-
ButtonUp event (or other event that represents the primary
switch being deactivated) would be gencrated by the special
subroutine. If the stylus 204 is moved along the display
surface 202, then the computer 201 may immediately in
response generate one or more MouseMove events (or other
events representing movement of the pointing device).
When the stylus 204 is.eventually removed from the display
surface 202, all pending RightMouse events (or other events
that represent action by the secondary switch of the pointing
device) that would normally have been generated in accor-
dance with the method shown in FIG. 3 would be canceled.

In the above and remaining discussion, it is assumed that
a Microsoft WINDOWS operating system is being used with
the computer 201. However, any operating system, espe-
cially a GUI operating system, may be used in accordance
with the present invention. Further, although the above
cmbodiments are sample mcthods for simulating mousc
gestures using a stylus, there are many variations that are
encompassed by the present invention. For instance, the
stylus gestures required for simulation a left click and a right
click might be reversed, or a user may not need to always
keep the stylus 204 down on the display surface 202 during
the entire time that a drag is executed, such that a first
touch/touch-and-hold of the stylus 204 at a first location on
the display surface 202, and a second touch/touch-and-hold
at a second location, may thereby simulate a drag from the
first location to the second location.

As discussed in the co-pending patent applications incor-
poraled by reference herein, the computer 201 according to
embodiments of the present invention may have the ability
to select ink when in pen mode. A user can press and hold,
then drag over ink, text, or other objects, within a document
to select thosc objects. A press and hold operation may
switch into selection mode. Because the user is using the
stylus 204 or other similar user pointing device, there are
different considerations as compared with when a mouse is
used. For instance, while the user of a mouse may hear and
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feel the click of a mouse button to ensure that a click has
been performed, the user of the stylus 204 may not receive
clear cnough feedback that the intended gesture has been
made properly. Also, it is desirable to indicate to the user that
a particular requested mode has really been switched to,
such as selection mode. Further, where the user must hold
down the stylus 204 for at least a certain threshold amount
of time to simulate, for example, a right click, feedback to
the user indicating that the threshold time has passed would
be useful.

Such feedback may be in the form of a state change
indicator, which may be visual (e.g., a graphical icon, a
symbol, a bitmapped or other image, etc., displayed on the
display surface 202 such as state change indicator 205 in
FIG. 2), auditory (c.g., a click, a beep, tone, etc. cmanating
from the computer 201 and/or stylus 204), and/or tactile
(c.g., vibration of the computer 201 and/or stylus 204). For
example, where the user selects the pen icon in the appli-
cation toolbar (as described in at least one of the co-pending
patent applications incorporated herein by reference), the
user may drag the stylus 204 over a document displayed on
the display surface 202 such that digital ink is generated on
the display surface 202. At this point, the user may switch to
selection mode by pressing and holding the stylus 204 for at
least a threshold amount of time that may be the same as the
threshold amount of time or that may be different. For
instance, the threshold minimum amount of time that the
user must hold the stylus 204 against the display surface 202
may be, in one embodiment, about 400 milliseconds, or
between about 400 milliseconds and about 1 second, or more
than about 1 second. Responsive to the user holding without
substantial movement the stylus 204 against the display
surfacc 202 for the. minimum threshold amount of time, the
computer 201 may generate a state change indicator on the
display surface 202 which may be located at a location
depending upon the location of the tip of the stylus 204, For
example, the state change indicator may be located at or near

-the location of the tip of the stylus 204,

In some embodiments, the state change indicator may be
animated and/or may otherwise change over time. For
instance, the state change indicator 205 is shown as a
partially completed clock-like loop that may become more
complete over time in, ¢.g., a clockwise direction. In such
embodiments with animation, the state change indicator may
actually begin prior to the threshold amount of time passing,
as an indication to the uscr that the threshold amount of time
will soon pass. For instance, where a first threshold amount
of time is 1 second, holding the stylus 204 against the
display surface 202 for 500 milliseconds may cause an icon
(a state change indicator) in the shape of a wand tip (o appear
on the display surface 202 at or near the location of the stylus
204. As the stylus 204 is continued to be held, the icon may
animate and begin to glow to indicate that a gesture is
beginning to form. At the first threshold amount of time, the
animation may have reached the point where the wand tip is
fully glowing. Morcover, at the passing of the first threshold
of time, the user may thereby be placed in selection mode,
which is indicated by the look of the state change indicator.

As a further possibility in connection with the above
example, at a second threshold amount of time of, e.g., 2
seconds, the wand tip may further animate and/or change to
indicate that a right click will now be simulated when the
stylus 204 is removed from the display surface 202.

Where the user removes Lhe stylus 204 from the display
surface 202 prior to the threshold of time passing, then any
subsequent stylus movement may be interpreted by the
computer 201 as normal stylus input. Also, in this situation
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any state change indicator and/or animation thereof may be
immediately canceled and removed from the display surface
202.

While exemplary systems and methods embodying the
present invention are shown by way of example, it will be
understood, of course, that the invention is not limited to
these embodiments. Modifications may be made by those
skilled in the art, particularly in light of the foregoing
teachings. Ior example, each of the elements of the afore-
mentioned embodiments may be utilized alone or in com-
bination with elements of the other embodiments. Also,
although the above exemplary embodiments were described
with regard to simulating a mouse, the simulation of other
pointing devices (e.g., a trackball 400, such as shown in FIG.
4, having a left button 401 and a right button 402) falls
within the scope and spirit of the invention described herein.

We claim:

1. In a computer, a method for simulating at least one
gesturc of a pointing device having at least a primary switch
and a secondary switch, the method comprising the steps of:

first detecting whether a stylus is being held down on a

touch-sensitive display surface for at least a threshold
amount of time;

second detecting whether the stylus is then removed from
the touch-sensitive display surface after at least the
threshold amount of time; and

responsive (o the stylus being removed as delected in the
step of sccond detecting, gencrating at least onc cvent
representing the secondary switch of the pointing
device being activated.

2. The method of claim 1, wherein the step of generating
further includes generating at least one event represeating
the secondary switch being deactivated after the event
representing the sccondary switch of the pointing device
being activated.

3. The method of claim 1, further including gencraling a
slate change indicator responsive to the step of first detect-
ing.

4. The method of claim 1, further including the steps of:

third detecting whether the stylus is moved along the

touch-sensitive display surface prior to being removed
from the touch-scnsitive display surface but after the
threshold amount of time has passed; and

responsive to the stylus being moved as detected in the

step of third detecting, generating at least onc event
representing the secondary switch of the pointing
device being activated.

S. The method of claim 4, further including the steps of:

fourth detecting whether the stylus is moved along the
touch-sensitive display surface after the step of third
detecting; and
responsive to the stylus being moved as detected in the
step of fourth detecting, generating at least one event
representing movement of the pointing device.
6. The method of claim 8, further including the steps of:
fifth detecting whether the stylus is removed from the
touch-sensitive display surface after the step of fourth
detecting; and
responsive to the stylus being removed as detected in the
step of fifth detecting, generating at lcast one event
representing the secondary switch of the pointing
device being deactivated.
7. The method of claim 1, further including generating at
least one event representing the primary switch of the
pointing device being activated responsive to the stylus
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being removed from the touch-scnsitive display surface
before the threshold amount of time as detected in the step
of first detecting.

8. The method of claim 7, further including gencrating at
least one cvent representing the primary switch of the
pointing device being deactivated after the event represent-
ing the primary switch of the pointing device being acti-
vated.

9. The method of claim 1, further including the steps of:

sixth detecting whether the stylus moves along the touch-
sensitive display surface prior to the threshold amount
of time having passed; and

generating at least onc event representing the primary

switch of the pointing pointing device being activated
responsive to the stylus being moved along the touch-
sensitive display surface as detected in the step of sixth
detecting.

10. The method of claim 9, further including the steps of:

seventh detecting whether the stylus is moved along the

touch-sensitive display surfacc after the step of sixth
detecting; and

responsive to the stylus being moved as detected in the

step of seventh detecting, generating at least one event
representing movement of the pointing device,

11. The method of claim 10, further including the steps of:

eighth detecting whether the stylus is removed from the

touch-sensitive display surface after the step of seventh
detecting; and

responsive to the stylus being removed as detected in the

step of eighth detecting, generating at least one event
representing the primary switch of the pointing device
being activated.

12. The method of claim 1, wherein the pointing device
comprises a mouse, the primary switch comprises a left
button of the mouse, and the secondary switch comprises a
right button of the mouse.

13. The method of claim 1, wherein the poiating device
comprises a trackball, the primary switch compriscs a left
button of the trackball, and the secondary switch compriscs
a right button of the trackball.

14. A computer configured to simulate at least one gesture
of a pointing device having a primary switch and a second-
ary switch responsive to stylus input, the computer com-
prising:

a touch-sensitive display surface; and

a processor coupled to the touch-sensitive display surface

and configurcd to detect whether the stylus is held
against the touch-sensitive display surface for at least a
threshold amount of time, and in response to the stylus
being held against the touch-sensitive display surface
for at least the threshold amount of time generating at
least one event representing an activation of the sec-
ondary switch of the pointing device, and in response
to the stylus being removed from the touch-sensitive
display surface beforc the threshold amount of time
generating at Jeast one event representing an activation
of the primary switch of the pointing device.

15. The computer of claim 14, wherein the processor is
further configured to generate at least one event representing
the secondary switch of the pointing device being deacti-
vated after the event representing the secondary switch of
the pointing device being activated.

16. The method of claim 14, wherein the pointing device
comprises a mouse, the primary switch compriscs a loft
button of the mouse, and the sccondary switch comprises a
right button of the mousc.
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17. The method of claim 14, wherein the pointing device
comprises a trackball, the primary switch comprises a left
button of the trackball, and the secondary switch comprises
a right button of the trackball.

18. A computer-readable medium having computer-
executable instructions for performing steps for simulating
at least one gesture of a pointing device having a primary
switch and a secondary switch, the steps comprising:

first detecting whether a stylus is being held on a touch-
scnsitive display surface for at least a threshold amount
of time;

second detecting whether the stylus is then removed from
the touch-scnsitive display surface after at least the
threshold amount of time; and

responsive to the stylus being removed as detected in the
step of second detecting, generating event representing
the secondary switch of the pointing device being
activated.

19. The computer-readable medium of claim 18, further
having computer-executable instructions for performing the
step of generating at least one event representing the sec-
ondary switch of the pointing device being deactivated after
the event representing the secondary switch of the pointing
device being activated.

20. The method of claim 18, wherein the pointing device
comprises a mouse, the primary switch comprises a left
button of the mouse, and the secondary swiich comprises a
right button of the mouse.

21. The method of claim 18, wherein the pointing device
comprises a trackball, the primary switch comprises a left
button of the trackball, and the secondary switch comprises
a right button of the trackball.

22. In a computer, a method for simulating at least one
gesture of a pointing device having a primary switch and a
secondary switch, the method comprising the steps of:

first detecting whether a stylus is being held down on a

touch-sensitive display surface for at least a first thresh-
old amount of time;

second detecting whether the stylus is then removed from
the touch-sensitive display surface before or after the
first threshold amount of time;

responsive to the stylus being removed at a time before
the first threshold amount of time has passed, generat-
ing at least one event representing one of the primary
switch of the pointing device being activated or the
secondary switch of the pointing device being acti-
vated; and

responsive 1o the stylus being removed at a time after the
first threshold amount of time has passed, generating at
least one event represeating the other of the primary
switch of the pointing device being activated and the
secondary switch of the pointing device being acti-
vated.

23. The method of claim 22, further including the sieps of:

third detecting whether the stylus is moved along the
touch-sensitive display surface prior to the threshold
amount of time having passed; and

responsive to the stylus being moved as detected in the
step of third detecting, generating at least one event
representing a primary switch drag of the pointing
device.

24. The method of claim 23, further including the steps of:

fourth detecting whether the stylus is moved along the
touch-sensitive display surface after to the first thresh-
old amount of time having passed but not before; and
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responsive to the stylus being moved as detected in the
step of fourth detecting, generating at least one event
representing a secondary switch drag of the pointing
device.
s 25. The method of claim 22, wherein the first threshold
amount of time is about 600 milliscconds.

26. The method of claim 22, wherein the first threshold
amount of time is between 300 and 600 milliscconds.

27. The method of claim 22, wherein the first threshold
amount of time is between 600 milliseconds and 1 second.

28. The method of claim 22, further including the steps of:

fifth detecting whether the stylus remains held down on

the touch-sensitive display surface for at least a second
threshold amount of time later in time than the first
threshold amount of time; and

responsive to the stylus remaining held down as detected

in the step of fifth detecting, generating al least one
event representing the secondary switch of the pointing
device being activated,

29, The method of claim 28, wherein the second threshold
of time is about 700 milliseconds.

30. The method of claim 22, further including generating
a state change indicator responsive to the stylus being held
down for at least a third threshold amount of time.

31. The method of claim 30, wherein the third threshold
amount of time is equal to the first threshold amount of time.

32. The method of claim 30, wherein the step of gener-
ating the state change indicator includes gencrating a visual
state change indicator on the touch-sensitive display surface
that changes over time.

33. The method of claim 32, wherein the third threshold
amount of time is less than the first threshold amount of
time.

34. The method of claim 30, wherein the step of gener-
ating the state change indicator includes generating a visual
state change indicator on the touch-sensitive display surface
at a location depending upon a location of the stylus.

35. The method of claim 22, wherein the pointing device
comprises a mouse, the primary switch comprises a left
button of the mouse, and the secondary switch compriscs a
right bution of the mouse.

36. The method of claim 22, wherein the pointing device
comprises a trackball, the primary switch comprises a left
button of the trackball, and the secondary switch comprises
a right button of the trackball.

37. In a computer, a method for providing f[cedback
responsive to usc of a stylus on a touch-sensitive display
surface, the method comprising the steps of:

detecting whether a stylus is being held down on 2

touch-sensitive display surface for at least a threshold
amount of time; and

gencrating a statc change indicator responsive to the

stylus being held down for at least the threshold amount
of time.

38. The method of claim 37, wherein the step of gener-
ating includes generating a visual state change indicator on
the touch-sensitive display surface.

39. The method of claim 37, wherein the step of gener-
ating includes generating a visual state change indicator at a
location on the louch-sensitive display surface depending
upon a location of the stylus.

40, The method of claim 37, wherein the step of gener-
ating includes generating an animated visual state change
indicator on the touch-sensitive display surface.

41. The method of claim 37, wherein the pointing device
compriscs a mouse, the primary switch compriscs a left
button of the mouse, and the secondary switch comprises a
right button of the mouse.
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42. The method of claim 37, wherein the pointing device
comprises a trackball, the primary switch comprises a left
button of the trackball, and the secondary switch comprises
a right button of the trackball.

43. An apparatus comprising:

a touch-sensitive display surface; and

a processor coupled to the touch-sensitive display surface

and configured to:

responsive to detecting that a stylus is brought down on
the touch-sensitive display surface, count at least a
threshold amount of time and determine whether the
stylus is held down on the touch-sensitive display
surface for at least the threshold amount of time, and

responsive to detecting that the stylus is later removed

from the touch-sensitive display surface, generate at
least one event representing one or the other of a left
click of a pointing device and a right click of a
pointing device depending upon whether the stylus is
removed before or after the threshold amount of time
has passed.

5

14

44. The apparatus of claim 43, wherein the processor is
running a program, the program being configured to be
resporsive to the event generated by the processor.

45, The apparatus of claim 43, wherein the event com-
prises one of a LeftMouseButtonDown event and a Right-
MouscButtonDown cvent.

46. The method of claim 43, whercin the pointing device
comprises a mouse having a primary switch corresponding
to the left click and a secondary switch corresponding to the
right click, the primary switch comprising a left button of the
mouse, and the sccondary switch comprising a right bution
of the mouse.

47. The method of claim 43, wherein the pointing device
comprises a trackball, baving a primary switch correspond-
ing to the left click and a secondary switch corresponding to
the right click, the primary switch comprising a left button
of the trackball, and the secondary switch comprising a right
button of the trackball.

* % 4 ¥ ¥
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SIMULATING GESTURES OF A POINTING
DEVICE USING A STYLUS AND PROVIDING
FEEDBACK THERETO

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to U.S. provisional
patent application Serial No. 60/247,844, entitled Simulat-
ing Gestures of a Mouse Using a Stylus and Providing
Feedback Thereto, filed Nov. 10, 2000, which is hereby
incorporated by reference as to its entirety. The present
application is also related to application Ser. No. 09/760,
631, entitled Method and Apparatus For Improving the
Appearance of Digitally Represented Handwriting, filed
Nov. 10, 2000; to application Ser. No. 60/247,841, entitled
Highlevel Active Pen Matrix, filed Nov. 10, 2000; to appli-
cation Ser. No. 60/247/973, entitled Selection Handles in
Editing Electronic Documents, filed Nov. 10, 200; to appli-
cation Ser. No. 60,247,842, entitled Insertion Point Bungee
Space Tool, filed Nov. 10, 2000; to application Ser. No.
60/247,400, entitled System and Method for Accepting
Disparate Types of User Input, filed Nov. 10, 2000; to
application Ser. No. 60/247,972, entitled In Air Gestures,
filed Nov. 10, 2000; to application Ser. No. 60/247,831,
entitled Mouse Input Panel Windows Class List, filed Nov.
10, 2000; to application Ser. No. 60/247,843, entitled Mouse
Input Panel and User Interface, filed Nov. 10, 2000; to
application Ser. No. 60/247,479, entitled System and
Method for Inserting Implicit Page Breaks, filed Nov. 10,
2000; to application Ser. No. 09/750,288, entitled
Classifying, Anchoring, and Transforming Ink, filed Dec.
29, 2000; to application Ser. No. 09/736,170, entitled
Highlevel Active Pen Matrix, filed Dec. 15, 2000; and to
application Ser. No. 09/741,107, entitled Mode Hinting/
Switching, filed Dec. 21, 2000; each of which is incorpo-
rated by reference herein as to their entireties.

FIELD OF THE INVENTION

The present invention is directed generally to apparatus
and methods for simulating various gestures of a pointing
device with multiple switches, such as a two button mouse
in a computer system, and for providing feedback thereto,
and more specifically to simulating gestures such as the left
click of a mouse, the right click of a mouse, and mouse
dragging by manipulation of a stylus in conjunction with a
touch-sensitive computer display, as well as generating
appropriate visual or other feedback in response to certain
gestures,

BACKGROUND OF THE INVENTION

Typical computer systems, especially computer systems
using graphical user interface (GUI) systems such as
Microsoft WINDOWS, are optimized for accepting user
input from two discrete imput devices: a keyboard for
entering text, and a pointing device such as a mouse with
two or more buttons or other selectors for driving the user
interface. Virtually all software applications designed to run
on Microsoft WINDOWS are optlmlzed to accept user mput
in the same manner. Ko,

is noted that
o her operatmg systcms mcorporate left and right click
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operability as well. The user may generate other gestures
using the mouse such as by clicking the left or right button
of the mouse and moving the mouse while the button is
depressed (a gesture commonly referred to as either a “left
drag” or a “right drag,” respectively).

While such mouse gestures are of course easily done with
an actual mouse, it is not always convenient for a user to use
a mouse with a computer even though the computer may
have a GUI system. For instance, when using a portable
system there may not always be a surface available upon
which to place a mouse. Some systems utilize a touch-
sensitive display screen with a stylus as an input device. The
user places the stylus tip upon the touch-sensitive display
screen at various locations to control objects displayed on
the display screen. A problem with this type of system is that
the stylus is limited in the types of actions that may be easily
performed as compared with a mouse. For instance, the
typical stylus can perform only three types of movements:
placing the stylus tip onto the screen, moving the stylus tip
across the screen, and removing the stylus tip from the
screen. While a user may operate a remote toolbar to select
a different tool, the excessive movement renders the control
of the system laborious, inconvenient, and slow. Using the
tip of the stylus-type device, there is presently no convenient
way to simulate or distinguish between, for example, a right
click as opposed to a left click as interpreted by the operating
system.

In order to make the full range of interface features
accessible to users of such a stylus-based computer, there is
a need for an intuitive way of simulating mouse gestures
with the stylus. Although not necessary, it is preferable and
more useful that any new way of simulating mouse gestures
be compatible with existing software applications that con-
ventionally are used with a mouse.

There is also a need for providing helpful feedback to the
user of the stylus to indicate whether gestures made with the
stylus are those that are intended by the user. This is useful
with a stylus-type input device since there is conventionally
little to no natural tactile or auditory feedback when using a
stylus than there is when using a mouse (e.g., the buttons of
a mouse often have a definitive mechanical “click” feel and
sound when pressed). As will be seen, such feedback is even
more useful when provided in conjunction with various
gesture simulation techniques of the present invention.

SUMMARY OF THE INVENTION

As discussed in the various copending patent applications
incorporated herein by reference, aspects of the present
invention are directed to a tablet-like computer that may be
used for directly writing on a touch-sensitive display surface
using a stylus. The computer may allow the user to write and
to edit, manipulate, and create objects through the use of the
stylus. Many of the features discussed in these copending
applications are even more useful in combination with
various aspects of the present invention discussed herein.

An aspect of the present invention is directed to methods
and apparatus for simulating gestures of a pointing device,
such as a mouse, trackball or ]oystlck by use ofa stylus on

A nght chck of a mouse may be simulated, e. g .5
where the user waits until at lcast the threshold amount of
time before removing the stylus. Where the stylus is moved
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along the display surface during certain stylus gestures, left
or right dragging may thereby be simulated.

Another aspect of the present invention is directed to
methods and apparatus for providing feedback to a user in a
stylus-based touch-sensitive display surface computer sys-
tem. The user may accordingly be given some indication that
the user has performed a particular stylus gesture, e.g., by
displaying a visual object on the display surface to indicate
a particular status. Such feedback may be responsive to
certain stylus gestures such as pressing and holding the
stylus against the display surface for at least a certain
minimum amount of time. More generally, the feedback may
be in the form of a “state change indicator,” which may be
visual on the display surface such as an icon, bitmap, or
other visual object or indicator, and/or auditory such as a
sound emitted from the computer’s speakers. The state
change indicator may be animated and or otherwise vary
with stylus hold time. Significant advantages of this aspect
of the invention are realized in conjunction with the various
features discussed in the copending patent applications
incorporated herein by reference.

These and other features of the invention will be apparent
upon consideration of the following detailed description of
preferred embodiments. Although the invention has been
defined using the appended claims, these claims are exem-
plary in that the invention is intended to include the elements
and steps described herein in any combination or subcom-
bination. Accordingly, there are any number of alternative
combinations for defining the invention, which incorporate
one or more elements from the specification, including the
description, claims, and drawings, in various combinations
or subcombinations. It will be apparent to those skilled in the
relevant technology, in light of the present specification, that
alternate combinations of aspects of the invention, either
alone or in combination with one or more elements or steps
defined herein, may be utilized as modifications or alter-
ations of the invention or as part of the invention. It is
intended that the written description of the invention con-
tained herein covers all such modifications and alterations.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing summary of the invention, as well as the
following detailed description of preferred embodiments, is
better understood when read in conjunction with the accom-
panying drawings, which are included by way of example,
and not by way of limitation with regard to the claimed
invention. In the accompanying drawings, elements are
labeled with three-digit reference numbers, wherein the first
digit of a reference number indicates the drawing number in
which the element is first illustrated. The same reference
number in different drawings refers to the same element.

FIG. 1 is a schematic diagram of a general-purpose digital
computing environment that can be used to implement
various aspects of the invention.

FIG. 2 is a plan view of a tablet computer and stylus that
can be used in accordance with various aspects of the present

FNOUSEaCCOTNZ-10 - ASPECts, PIoSer mvenmn.'
FIG. 4 is a plan view of an illustrative embodiment of a
trackball having left and right buttons.
DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS
FIG. 1 shows an exemplary embodiment of a general-
purpose digital computing environment that can be used to
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implement various aspects of the invention. In this
embodiment, computer 100 includes a processing unit 110,
a system memory 120, and a system bus 130 that couples
various system components including the system memory to
the processing unit 110. The system bus 130 may be any of
several types of bus structures including a memory bus or
memory controller, a peripheral bus, and a local bus using
any of a variety of bus architectures. The system memory
includes read only memory (ROM) 140 and random access
memory (RAM) 150.

A basic input/output system 160 (BIOS), containing the
basic routines that help to transfer information between
elements within the computer 100, such as during start-up,
is stored in ROM 140. Computer 100 also includes a hard
disk drive 170 for reading from and writing to a hard disk
(not shown), a magnetic disk drive 180 for reading from or
writing to a removable magnetic disk 190, and an optical
disk drive 191 for reading from or writing to a removable
optical disk 192 such as a CD ROM or other optical media.
The hard disk drive 170, magnetic disk drive 180, and
optical disk drive 191 are connected to the system bus 130
by a hard disk drive interface 192, a magnetic disk drive
interface 193, and an optical disk drive interface 194,
respectively. The drives and their associated computer-
readable media provide nonvolatile storage of computer
readable instructions, data structures, program modules and
other data for the personal computer 100. It will be appre-
ciated by those skilled in the art that other types of computer
readable media which can store data that is accessible by a
computer, such as magnetic cassettes, flash memory cards,
digital video disks, Bernoulli cartridges, random access
memories (RAMs), read only memories (ROMs), and the
like, may also be used in the example operating environ-
ment.

A number of program modules can be stored on the hard
disk, magnetic disk 190, optical disk 192, ROM 140 or
RAM 150, including an operating system 195, one or more
application programs 196, other program modules 197, and
program data 198. A user can enter commands and infor-
mation into the computer 100 through input devices such as
a keyboard 101 and pointing device 102. Other input devices
(not shown) may include a microphone, joystick, game pad,
satellite dish, scanner, or the like. These and other input
devices are often connected to the processing unit 110
through a serial port interface 106 that is coupled to the
system bus, but may be connected by other interfaces, such
as a parallel port, game port or a universal serial bus (USB).
A monitor 107 or other type of display device is also
connected to the system bus 130 via an interface, such as a
video adapter 108. In addition to the monitor, personal
computers typically include other peripheral output devices
(not shown), such as speakers and printers.

The computer 100 can operate in a networked environ-
ment using logical connections to one or more remote
computers, such as a remote computer 109. Remote com-
puter 109 can be a server, a router, a network PC, a peer
device or other common network node, and typically
includes many or all of the elements described above
relative to computer 100, although only a memory storage
device 111 has been illustrated in FIG. 1. The logical
connections depicted in FIG. 1 include a local area network
(LAN) 112 and a wide area network (WAN) 113. Such
networking environments are commonplace in offices,
enterprise-wide computer networks, intranets and the Inter-
net.

When used in a LAN networking environment, the com-
puter 100 is connected to the local network 112 through a
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petwork interface or adapter 114. When used in a WAN
networking environment, the personal computer 100 typi-
cally includes a modem 115 or other means for establishing
a communications over the wide area network 113, such as
the Internet. The modem 115, which may be internal or
external, is connected to the system bus 130 via the serial
port interface 106. In a networked environment, program
modules depicted relative to the personal computer 100, or
portions thereof, may be stored in the remote memory
storage device.

It will be appreciated that the network connections shown
are example and other means of establishing a communica-
tions link between the computers can be used. The existence
of any of various well-known protocols such as TCP/IF,
Ethernet, FTP, HTTP and the like is presumed, and the
system can be operated in a client-server configuration to
permit a user to retrieve web pages from a web-based server.
Any of various conventional web browsers can be used to

6

smilliseconds. However, Lthe threshold amount of time may be
: miount of time, such as between 300 and 600
ds; or between 600 milliseconds and 1 second, or
Han:1.second. If the compuler 201 detects that the
\ ror 1o the timeout condition oceurting (step

sponse the computer 201 may generate a
osoft WINDOWS LeftMouseButtonDown
vent that Tepresents Lhe primary switch-of
device being activated) in the original position

us 204 was first brought down (step 314),
‘may be sent to the software application presently in
: 1 this point, any subsequent movement of the stylus
204 across the display surface 202 may be detected by the
computer 201 (step 315), and in response the computer 201
may generate one or more Microsoft WINDOWS Mouse-
Move events (step 316) (or other events representing move-
ment of the pointing device). When the stylus 204 is
eventually removed from the display surface 202 (hereafter

d 1o-a§ “bringing the stylus up”) (step 317), the
1t6r. 201 may detect this and in response may generate
solt, WINDOWS LeltMouseButlonUp event (step
orother event that represents the primary switch being
!éd)‘. “Thus, via sleps 301, 302, and 314-318, s lelt
fa mouse-is-simulated.
simulate aleft click of a mouse without dragging, if the
201 delects that the stylus 204 is not-moved prior
ndition (step 302), and if instead the stylus
p prior o the timeout condition (step:303),
.. {he- computer 201, may" generate first -a
nown event (or other event that represents
tch being: activated), then optionally delay
me (step 320) such as-about 20'milliseconds:
amount-of time, and. then generate a Left-
“event (steps 304 and 318) (or other event
he primary switch being deactivated). Thus,.
)4; 318, and 320, a slightly delayed left click:
inulated.
. a right click of a mouse without dragging, if
201 detects that the stylus 204 is not moved
o' the. timeout condition or after the timeout
dition (steps :302 ‘and 305), and if the computer 201
ver-detects that the stylus 204 is not brought up until after:
condition (steps:303 and 306), and thus that the,
a5 been held ‘down for at least the threshold:
nt-of lime, then in response the compuler-201 may
first 4 Microsoft: WINDOWS RightMouseButton-
siep 307) (or other event that represents the
itch of the pointing device being activated):
01 may, further in response, optionally delay!
‘time (step:308), in one embodiment, about 20
nd:then generdte a Microsoft WINDOWS
sBittonlp event (step 313) (or other event that
répresenisthe ‘secondary swilch being deactivated). The
Referring now to FIG. 3, an example of how a left drag computer 201 may also generaie and display a state change
of a mouse is simulated is now discussed. Any or all of steps 55 indicator (step 319) that indicates fo the user that the stylus

display and manipulate data on web pages.

FIG. 2 illustrates a tablet PC 201 that can be used in 5
accordance with various aspects of the present invention.
Any or all of the features, subsystems, and functions in the
system of FIG. 1 can be included in the computer of FIG. 2. de
Tablet PC 201 includes a large touch-sensitive display dr,
surface 202, e.g., a digitizing flat panel display, for example, o5
a liquid crystal display (LCD) screen, on which a plurality
of windows 203 is displayed. Using a stylus 204, a user can
select, highlight, and write on the digitizing display area.
Examples of suitable digitizing display panels include elec-
tromagnetic pen digitizers, such as the Mutoh or Wacom pen 34
digitizers. Other types of pen digitizers, e.g., optical
digitizers, may also be used. Tablet PC 201 interprets marks
made using stylus 204 in order to manipulate data, enter text,
and execute conventional computer application tasks such as
spreadsheets, word processing programs, and the like. The 7
touch-sensitive display surface 202 may also be proximity-
sensitive such that the iip of the stylus 204 may be sensedby
the display surface 202 when proximate thereto without :
actually contacting the display surface 202.

The stylus 204 may be equipped with or without buttons %46
or other features to augment its selection capabilities. In one
embodiment, the stylus 204 may be implemented as a
“pencil” or “pen”, in which one end constitutes a writing, or
tip, portion and the other end constitutes an “eraser” end
that, when moved across the display indicates portions of the 45
dis to be erased. cd

set forth herein and in FIG. 3 may be performed by special
software, hardware, and/or firmware that runs in conjunction
with, or is part of, the operating system of the computer 201.
To simulate a left drag, the user may touch the stylus 204 or
other similar user pointing device to the display surface 202,
an action referred 1o hereafter as “placing the stylus down”
(ste L o -

204 has been placed down for a certain minimum amount of
time, as will be discussed below in more detail.

It is noted that steps 319 may be in a variety of places
within the flowchart of FIG. 3 other than the one shown,
such as between steps 305 and 306. Steps 301-303,
305-308, and 313, thus simulate a delayed right click of a
mouse.
T4 simulale a right drag of a mouse, if the computer 201
the-'stylus. 204 is not moved until- after the:
ndition (step 305); then in response the computer

enerate. a RightMouseButtonDown event (step
or other event that represents the secondary switch
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“activaled): Upon the computer 201 detecting any
s scquent movement of the stylus 204 along the display
surface 202 (step 310), the computer 201 may in response
generate one or more MouseMove events (step 311) (or
other events representing movement of the pointing device).

{PrUnAry. g

201 may, after 600 milliseconds of stylus holding, go on to
steps 305 and 319, and where the stylus 204 is released prior
to, say, 5 seconds or some other time
306-308 and 313 may be implemented

: ¥ the slylus 204 is moved along the 1splay
surface 202, then the computer 201 may immediately in
response generate one or more MouseMove events (or other
events representing movement of the pointing device).
When the stylus 204 is eventually removed from the display
surface 202, all pending RightMouse events (or other events
that represent action by the secondary switch of the pointing
device) that would normally have been generated in accor-
dance with the method shown in FIG. 3 would be canceled.

In the above and remaining discussion, it is assumed that
a Microsoft WINDOWS operating system is being used with
the computer 201. However, any operating system, espe-
cially a GUI operating system, may be used in accordance
with the present invention. Further, although the above
embodiments are sample methods for simulating mouse
gestures using a stylus, there are many variations that are
encompassed by the present invention. For instance, the
stylus gestures required for simulation a left click and a right
click might be reversed, or a user may not need to always
keep the stylus 204 down on the display surface 202 during
the entire time that a drag is executed, such that a first
touch/touch-and-hold of the stylus 204 at a first location on
the display surface 202, and a second touch/touch-and-hold
at a second location, may thereby simulate a drag from the
first location to the second location.

As discussed in the co-pending patent applications incor-
porated by reference herein, the computer 201 according to
embodiments of the present invention may have the ability
to select ink when in pen mode. A user can press and hold,
then drag over ink, text, or other objects, within a document
to select those objects. A press and hold operation may
switch into selection mode. Because the user is using the
stylus 204 or other similar user pointing devics, there are
different considerations as compared with when a mouse is
used. For instance, while the user of a mouse may hear and
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feel the click of a mouse button to ensure that a click has
been performed, the user of the stylus 204 may not receive
clear enough feedback that the intended gesture has been
made properly. Also, it is desirable to indicate to the user that
a particular requested mode has really been switched to,
such as selection mode. Further, where the user must hold
down the stylus 204 for at least a certain threshold amount
of time to simulate, for example, a right click, feedback to
the user indicating that the threshold time has passed would

- be useful.

Such feedback may be in the form of a state change
indicator, which may be visual (e.g., a graphical icon, a
symbol, a bitmapped or other image, etc., displayed on the
display surface 202 such as state change indicator 205 in

< FIG. 2), auditory (e.g., a click, a beep, tone, etc. emanating

from the computer 201 and/or stylus 204), and/or tactile
(c.g., vibration of the computer 201 and/or stylus 204). For
example, where the user selects the pen icon in the appli-
cation toolbar (as described in at least one of the co-pending

. patent applications incorporated herein by reference), the

user may drag the stylus 204 over a document displayed on
the display surface 202 such that digital ink is generated on
the display surface 202. At this point, the user may switch to
selection mode by pressing and holding the stylus 204 for at
least a threshold amount of time that may be the same as the
threshold amount of time or that may be different. For
instance, the threshold minimum amount of time that the
user must hold the stylus 204 against the display surface 202
may be, in one embodiment, about 400 milliseconds, or
between about 400 milliseconds and about 1 second, or more
than about 1 second. Responsive to the user holding without
substantial movement the stylus 204 against the display
surface 202 for the minimum threshold amount of time, the
computer 201 may generate a state change indicator on the
display surface 202 which may be located at a location
depending upon the location of the tip of the stylus 204. For
example, the state change indicator may be located at or near
the location of the tip of the stylus 204.

In some embodiments, the state change indicator may be
animated and/or may otherwise change over time. For
instance, the state change indicator 205 is shown as a
partially completed clock-like loop that may become more
complete over time in, e.g., a clockwise direction. In such
embodiments with animation, the state change indicator may
actually begin prior to the threshold amount of time passing,
as an indication to the user that the threshold amount of time
will soon pass. For instance, where a first threshold amount
of time is 1 second, holding the stylus 204 against the
display surface 202 for 500 milliseconds may cause an icon
(a state change indicator) in the shape of a wand tip to appear
on the display surface 202 at or near the location of the stylus
204. As the stylus 204 is continued to be held, the icon may
animate and begin to glow to indicate that a gesture is
beginning to form. At the first threshold amount of time, the
animation may have reached the pomt where the wand tip is
fuily glowing. Moreover, at the passing of the first threshold
of time, the user may thereby be placed in selection mode,
which is indicated by the look of the state change indicator.

As a further possibility in connection with the above
example, at a second threshold amount of time of, e.g., 2
seconds, the wand tip may further animate and/or change to
indicate that a right click will now be simulated when the
stylus 204 is removed from the display surface 202.

Where the user removes the stylus 204 from the display
surface 202 prior to the threshold of time passing, then any
subsequent stylus movement may be interpreted by the
computer 201 as normal stylus input. Also, in this situation
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any state change indicator andfor animation thereof may be
immediately canceled and removed from the display surface
202.

While exemplary systems and methods embodying the

present invention are shown by way of example, it will be 2

understood, of course, that the invention is not limited to
these embodiments. Modifications may be made by those
skilled in the art, particularly in light of the foregoing
teachings. For example, each of the elements of the afore-
mentioned embodiments may be utilized alone or in com-
bination with elements of the other embodimen

1. In a computer, a method for simulating at least one
gesture of a pointing device having at least a primary switch
and a secondary switch, the method comprising the steps of:

first detecting whether a stylus is being held down on a
touch-sensitive display surface for at least a threshold
amount of time;

second detecting whether the stylus is then removed from
the touch-sensitive display surface after at least the
threshold amount of time; and

responsive to the stylus being removed as detected in the
step of second detecting, generating at least one event
representing the secondary switch of the pointing
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3. The method of claim 1, further including generating a
state change indicator responsive to the step of first detect-
ing.

4. The method of claim 1, further including the steps of:

third detecting whether the stylus is moved along the

touch-sensitive display surface prior to being removed
from the touch-sensitive display surface but after the
threshold amount of time has passed; and

responsive to the stylus being moved as detected in the

step of third detecting, generating at least one event
representing the secondary switch of the pointing
device being activated.

5. The method of claim 4, further including the steps of:

fourth detecting whether the stylus is moved along the

touch-sensitive display surface after the step of third
detecting; and

responsive to the stylus being moved as detected in the

step of fourth detecting, generating at least one event
representmg movement of the pomtmg device.

7. The method of claim 1, further including generating at
least one event representing the primary switch of the
pointing device being activated responsive to the stylus
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being removed from the touch-sensitive display surface
before the thrcshold amount of time as detected in the step
of first det

. The method of claim 1, further including the steps of:

sixth detecting whether the stylus moves along the touch-

sensitive display surface prior to the threshold amount
of time having passed; and

generating at least one event representing the primary

switch of the pointing pointing device being activated
responsive to the stylus being moved along the touch-
sensitive display surface as detected in the step of sixth
detecting.

10. The method of claim 9, further including the steps of:

seventh detecting whether the stylus is moved along the

touch-sensitive display surface after the step of sixth
detecting; and

responsive to the stylus being moved as detected in the

step of seventh detecting, generating at least one event
representing movement of the pointing device.

11. The method of claim 10, further including the steps of:

cighth detecting whether the stylus is removed from the

touch-sensitive display surface after the step of seventh
detecting; and

responsive to the stylus being removed as detected in the

step of eighth detecting, generating at least one event
representing the primary switch of the pointing device
being activated.

12. The method of claim 1, wherein the pointing device
comprises a mouse, the primary switch comprises a left
button of the mouse, and the secondary switch comprises a
right button of the mouse.

13. The method of claim 1, wherein the pointing device
comprises a trackball, the primary switch comprises a left
button of the trackball, and the secondary switch comprises
a right button of the trackball.

14. A computer configured to simulate at least one gesture
of a pointing device having a primary switch and a second-
ary swilch responsive to stylus input, the computer com-
prising:

a touch-sensitive display surface; and

a processor coupled to the touch-sensitive display surface

and configured to detect whether the stylus is held
against the touch-sensitive display surface for at least a
threshold amount of time, and in response to the stylus
being held against the touch-sensitive display surface
for at least the threshold amount of time generating at
least one event representing an activation of the sec-
ondary switch of the pointing device, and in response
to the stylus being removed from the touch-sensitive
display surface before the threshold amount of time
generating at least one event representing an activation
of the primary swnch of the pomtmg dcwcc

65

PC
16. Thc method of claim 14, wherein the pomtmg device
comprises a mouse, the primary switch comprises a left
button of the mouse, and the secondary switch comprises a
right button of the mouse.
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17. The method of claim 14, wherein the pointing device
comprises a trackball, the primary switch comprises a left
button of the trackball, and the secondary switch comprises
a right button of the trackball.

18. A computer-readable medium having computer-
executable instructions for performing steps for simulating
at least one gesture of a pointing device having a primary
switch and a secondary switch, the steps comprising;

first detecting whether a stylus is being held on a touch-

sensitive display surface for at least a threshold amount
of time;

second detecting whether the stylus is then removed from

the touch-sensitive display surface after at least the
threshold amount of time; and

responsive to the stylus being removed as detected in the

step of second detecting, generating event representing
the secondary switch of the pointing device being
activated.

20. The method of claim 18, wherein the pointing device
comprises a mouse, the primary switch comprises a left
button of the mouse, and the secondary switch comprises a
right button of the mouse.

21. The method of claim 18, wherein the pointing device
comprises a trackball, the primary switch comprises a left
button of the trackball, and the secondary switch comprises
a right button of the trackball.

22. In a computer, 2 method for simulating at least one
gesture of a pointing device having a primary switch and a
secondary switch, the method comprising the steps of:

first detecting whether a stylus is being held down on a

touch-sepsitive display surface for at least a first thresh-
old amount of time;

second detecting whether the stylus is then removed from

the touch-sensitive display surface before or after the
first threshold amount of time;

responsive to the stylus being removed at a time before
the first threshold amount of time has passed, generat-
ing at least one event representing one of the primary
switch of the pointing device being activated or the
secondary switch of the pointing device being acti-
vated; and

responsive to the stylus being removed at a time after the
first threshold amount of time has passed, generating at
least one event representing the other of the primary
switch of the pointing device being activated and the
secondary switch of the pointing device being acti-
vated.

23. The method of claim 22, further including the steps of:

third detecting whether the stylus is moved along the
touch-sensitive display surface prior to the threshold
amount of time having passed; and

responsive to the stylus being moved as detected in the
step of third detecting, generating at least one event
representing a primary switch drag of the pointing
device.

24. The method of claim 23, further including the steps of:

fourth detecting whether the stylus is moved along the
touch-sensitive display surface after to the first thresh-
old amount of time having passed but not before; and
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responsive to the stylus being moved as detected in the
step of fourth detecting, generating at least one event
representing a secondary switch drag of the pointing
device.

25. The method of claim 22, wherein the first threshold
amount of time is about 600 milliseconds.

26. The method of claim 22, wherein the first threshold
amount of time is between 300 and 600 milliseconds.

27. The method of claim 22, wherein the first threshold
amount of time is between 600 milliseconds and 1 second.

28. The method of claim 22, further including the steps of:

fifth detecting whether the stylus remains held down on

the touch-sepsitive display surface for at least a second
threshold amount of time later in time than the first
threshold amount of time; and

responsive to the stylus remaining held down as detected

in the step of fifth detecting, generating at least one
event representing the secondary switch of the pointing
device being activated.

29. The method of claim 28, wherein the second threshold
of time is about 700 milliseconds.

30. The method of claim 22, further including generating
a state change indicator responsive to the stylus being held
down for at least a third threshold amount of time.

31. The method of claim 30, wherein the third threshold
amount of time is equal to the first threshold amount of time.

32. The method of claim 30, wherein the step of gener-
ating the state change indicator includes generating a visual
state change indicator on the touch-sensitive display surface
that changes over time.

33. The method of claim 32, wherein the third threshold
amount of time is less than the first threshold amount of
time.

34. The method of claim 30, wherein the step of gener-
ating the state change indicator includes generating a visual
state change indicator on the touch-sensitive display surface
at a location depending upon a location of the stylus.

35. The method of claim 22, wherein the pointing device
comprises a mouse, the primary switch comprises a left
button of the mouse, and the secondary switch comprises a
right button of the mouse.

36. The method of claim 22, wherein the pointing device
comprises a trackball, the primary switch comprises a left
button of the trackball, and the secondary switch comprises
a right button of the trackball.

37. In a computer, a method for providing feedback
responsive to use of a stylus on a touch-sensitive display
surface, the method comprising the steps of:

detecting whether a stylus is being held down on a

touch-sensitive display surface for at least a threshold
amount of time; and

generating a state change indicator responsive to the

stylus being held down for at least the threshold amount
of time.

38. The method of claim 37, wherein the step of gener-
ating includes generating a visual state change indicator on
the touch-sensitive display surface.

39. The method of claim 37, wherein the step of gener-
ating includes generating a visual state change indicator at a
location on the touch-sensitive display surface depending
upon a location of the stylus.

40. The method of claim 37, wherein the step of gener-
ating includes generating an animated visual state change
indicator on the touch-sensitive display surface.

41. The method of claim 37, wherein the pointing device
comprises a mouse, the primary switch comprises a left
button of the mouse, and the secondary switch comprises a
right button of the mouse.
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42. The method of claim 37, wherein the pointing device
comprises a trackball, the primary switch comprises a left
button of the trackball, and the secondary switch comprises
a right button of the trackball
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44, The apparatus of claim 43, wherein the processor is
running a program, the program being configured to be
responsive to the event generated by the processor.

45. The apparatus of claim 43, wherein the event com-
prises one of a LeftMouseButtonDown event and a Right-
MouseButtonDown event.

46. The method of claim 43, wherein the pointing device
comprises a mouse having a primary switch corresponding
to the left click and a secondary switch corresponding to the
right click, the primary switch comprising a left button of the
mouse, and the secondary switch comprising a right button
of the mouse.

47. The method of claim 43, wherein the pointing device
comprises a trackball, having a primary switch correspond-
ing to the left click and a secondary switch corresponding to
the right click, the primary switch comprising a left button
of the trackball, and the secondary switch comprising a right
button of the trackball.
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