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USER INTERFACE WITH SCREEN SPANNING ICON MORPHING

RELATED APPLICATIONS
This application claims priority to U.S. Provisional Application Serial No. 61/389,000, filed October
5 1,2010, entitled "DUAL DISPLAY WINDOWING SYSTEM"; Provisional Application Serial No. 61/389,117,
filed October 1, 2010, entitied "MULTI-OPERATING SYSTEM PORTABLE DOCKETING DEVICE"; and
Provisional Application Serial No. 61/389,087, filed October 1, 2010, entitled "TABLET COMPUTING
USER INTERFACE". Each and every part of the foregoing provisional applications is hereby incorporated
by reference in their entirety.

10 BACKGROUND

As the computing and communication functions of handheld computing devices become more
powerful, the user interface and display elements of such devices have evolved by attempting to adapt user
interface regimes developed for personal computers for use with handheld computing devices. However,
this attempt to adapt prior user interface regimes has been met with various hurdles.

15 For instance, the majority of current handheld computing devices make use of a physical keypad
for user interface. Many different implementations of physical keypads exist that vary in orientation and
relationship to the device screen. However, in every case the physical keypads take up a certain
percentage of the physical space of the device and increase the weight of the device. In addition to the
disadvantages of size and weight, physical keypads are not configurable in the same manner as a touch

20 screen based user interface. While certain limited forms of physical keypads currently have, on the keys
themselves, configurable displays, such as elnk or OLED surfaces, to allow for reconfiguration of the keys,
even in these cases, the physical layout of keys is not modifiable. Rather, only the values associated with

the physical keys on the keypad may be changed.
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Other methods may provide increased user configurability of physical keypads. These methods
may include stickers and/or labels that can be added to keys to reference modified functions or plastic
overlays on top of the keypad denoting different functional suites. For instance, the ZBoard keyboard,
meant for laptop or desktop computer use, incorporates a dual layered physical keyboard which separates

5  the keys and their layout from the connections which send signals to the machine. As such, different
physical keyboard inserts for different applications can be inserted into a holder allowing full configurability
such that the orientation and layout of the keys in addition to their denotation of function is configurable.
This model could be extended to handheld computing devices; however, the rate at which such a modular
keypad can change functions is much slower than a touch screen user interface. Furthermore, for each

10  potential functional suite, an additional physical key layout must be carried by the user, greatly increasing
the overall physical size and weight of such implementations. One advantage of a physical keypad for
handheld computing devices is that the user input space is extended beyond the user display space such
that none of the keys themselves, the housing of the keys, a user's fingers, or a pointing device obscure
any screen space during user interface activities.

15 A substantial number of handheld computing devices make use of a small touch screen display to
deliver display information to the user and to receive inputs from the user. In this case, while the
configurability of the device may be greatly increased and a wide variety of user interface options may be
available to the user, this flexibility comes at a price. Namely, such arrangements require shared screen
space between the display and the user interface. While this issue is shared with other types of touch

20 screen display/user interface technology, the small form factor of handheld computing devices results in a
tension between the displayed graphics and area provided for receiving inputs. For instance, the small
display further constrains the display space, which may increase the difficulty of interpreting actions or
results while a keypad or other user interface scheme is laid overtop or to the side of the applications in use

such that the application is squeezed into an even smaller portion of the display. Thus a single display
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touch screen solution, which solves the problem of flexibility of the user interface may create an even more
substantial set of problems of obfuscation of the display, visual clutter, and an overall conflict of action and
attention between the user interface and the display.
Single display touch screen devices thus benefit from user interface flexibility, but are crippled by
5 their limited screen space such that when users are entering information into the device through the
display, the ability to interpret information in the display can be severely hampered. This problem is
exacerbated in several key situations when complex interaction between display and interface is required,
such as when manipulating layers on maps, playing a game, or modifying data received from a scientific
application. This conflict between user interface and screen space severely limits the degree to which the
10  touch based user interface may be used in an intuitive manner.
SUMMARY
A first aspect includes a method for controlling a handheld computing device including one or more
displays. The method includes displaying an application in a first display condition. The first display
condition includes an icon in a first state corresponding to the first display condition. The method further

15 includes receiving a gesture input at a gesture sensor. For instance, the gesture sensor may be a touch
sensitive device, optical device (e.g., a camera), or other sensor operable to detect user inputs in the form
of a gesture. The method also includes modifying the manner in which the application is displayed in
response to the receiving step. The modifying step includes changing the application to a second display
condition such that the icon is in a second state corresponding to a second display condition.

20 A second aspect includes a handheld computing device comprising a processor. The device also
includes a first display operable to display a first screen. The first display is in operative communication
with the processor. The device also includes a second display that is operable to display a second screen.
The second display is also in operative communication with the processor. The device also includes at

least one gesture sensor operable to receive a gesture input. The processor is operable to execute an
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application that is displayable on at least one of the first display and the second display in response to the
gesture input. The application includes an icon indicative of a display status of the application with respect
to the first and second displays.
A number of feature refinements and additional features are applicable to the first and second
5  aspects. These feature refinements and additional features may be used individually or in any
combination. As such, each of the following features that will be discussed may be, but are not required to
be, used with any other feature or combination of features of any of the aspects presented herein.
In one embodiment, the icon may be changed in proportion to the relative position of the
application with respect to the first and second display. The first display condition may include displaying
10  the application in only a first display. In this regard, the modifying may include expanding the application to
occupy at least a first and second display. Additionally or alternatively, the first display condition may
include displaying the application in at least a first and second display. In this regard, the modifying may
include minimizing the application to occupy only one of the first and second displays.
The first and second dimension may define a first aspect ratio, and the third and fourth dimension
15  may define a second aspect ratio. In one embodiment, the first aspect ratio may be different than the
second aspect ratio. In this regard, the first dimension and the third dimension may be equal. In one
embodiment, the first dimension and the third dimension may be vertical dimensions. In turn, the second
dimension may correspond to a width of the application when displayed in the first display, and the fourth
dimension may correspond with the width of the application when displayed in the first and the second
20  display.
In another embodiment, the modifying may include animating the change of the application. As
such, the animating may include the change of the icon from the first aspect ratio to the second aspect
ratio. The icon may be indicative of whether the application is expandable, whether the application is

expanded, or whether the application is expanding.
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In yet another embodiment, the handheld computing device may be a smart phone. The first
display and second display may be positionable with respect to each other between an open and closed
position. In this regard, when in the open position, the first display and the second display, may be
concurrently visible from the vantage point of a user. In contrast, when in the closed position, only one of

5  thefirst display and the second display may be visible from the vantage point of a user.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic view of an embodiment of a handheld computing device.

Figures 2A-D are graphical representations of an embodiment of a handheld computing device in
various instances of operation.

10 Figures 3A-K are graphical representations of an embodiment of a handheld computing device
provided in different positions, orientations, and instances of operation.

Figure 4 includes graphical representations of various gesture inputs for controlling a handheld
computing device.

Figures 5A-5C are graphical representations of an embodiment of a handheld computing device

15 during a progression wherein a screen is expanded into a second display.

Figures 6A-6B are schematic views of embodiments of a handheld computing device provided with
touch sensitive devices.

Figure 7 is a graphical representation of an embodiment of a gesture input.

DETAILED DESCRIPTION
20 The present disclosure is generally related to gesture inputs for interaction with a computing
device. The interface controls are particularly suited for control of devices that have one or more displays
capable of displaying graphical user interfaces (GUIs) on a handheld portable device. The following

disclosure may, in various embodiments, be applied to other computing devices capable of displaying and
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responding to a GUI (e.g., laptop computers, tablet computers, desktop computers, touch screen monitors,
etc.) and is not intended to be limited to handheld computing devices unless otherwise explicitly specified.
Figure 1 depicts an embodiment of a handheld computing device 100. The handheld computing
device 100 may include a first display 102 and a second display 104. Additionally, while two displays (102,
5  104) may be shown and described below with regard to the functionality of various embodiments of

handheld computing devices, a handheld computing device may be provided that includes one or more
displays. Inany regard, the first display 102 and the second display 104 may be independently
controllable. The displays may be operative to display a displayed image or "screen”. As used herein, the
term "display" is intended to connote device hardware, whereas "screen" is intended to connote the

10  displayed image produced on the display. In this regard, a display is a physical hardware that is operable
to render a screen. A screen may encompass a majority of the display. For instance, a screen may
occupy substantially all of the display area except for areas dedicated to other functions (e.g., menu bars,
status bars, etc.) A screen may be associated with an application and/or an operating system executing on
the handheld computing device 100. For instance, application screens or desktop screens may be

15  displayed. An application may have various kinds of screens that are capable of being manipulated as will
be described further below. In an embodiment, each display may have a resolution of 480 pixels by 800
pixels, although higher and lower resolution displays may also be provided.

A screen may be associated with an operating system, an application, or the like. In some

instances, a screen may include interactive features (e.g., buttons, text fields, toggle fields, etc.) capable of

20 manipulation by way of a user input. The user input may be received by various input devices (e.g., a
physical keyboard, a roller ball, directional keys, a touch sensitive device, etc.). In some instances, a
screen may simply include graphics and have no ability to receive an input by a user. In other instances,

graphics features and input features may both be provided by a screen. As such, the one or more displays
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of a handheld computing device, the screens displayed on the one or more displays, and various user input
devices may comprise a GUI that allows a user to exploit functionality of the handheld computing device.
The handheld computing device 100 may be configurable between a first position and a second

position. In the first position, a single display (e.g., the first display 102 or the second display 104) may be

5  visible from the perspective of a user. Both displays 102, 104 may be exposed on an exterior of the
handheld device 100 when in the first position, but the displays 102, 104 may be arranged in a non-
adjacent manner such that both displays 102, 104 are not concurrently visible from the perspective of a
user (e.g., one display may be visible from the front of the device 100 and the other display may be visible
from the back of the device 100).

10 The handheld computing device 100 may also be provided in the second position such that the
displays 102, 104 may be concurrently viewable from the perspective of a user (e.g., the displays 102, 104
may be positioned adjacent to one another). The displays 102, 104 may be displayed in the second
position such that the displays 102, 104 are arranged end-to-end or side-by-side. Additionally, the displays
102, 104 may be arranged in a portrait orientation or a landscape orientation with respect to a user. As will

15 bediscussed further below, a portrait orientation is intended to describe an arrangement of the handheld
computing device, wherein the longer dimension of the display of the handheld computing device is
vertically oriented (e.g., with respect to gravity or the perspective of a user). A landscape orientation is
intended to describe an arrangement wherein the shorter dimension of the display of the handheld
computing device is vertically oriented (e.g., with respect to gravity or the perspective of a user).

20  Furthermore, the longer dimension and shorter dimension may refer to each display individually or the
combined viewing area of the one or more displays of the device. Thus, when the individual displays are
arranged in a portrait orientation, the overall display area may be arranged in a landscape orientation, and

vice versa. Additionally, the displays and screens may be in different respective orientations. For instance,
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when the displays are in a landscape orientation, one or more screens may be rendered in a portrait
orientation on the displays or vice versa.
The handheld computing device 100 may be manipulated between the first position (i.e., a single
display visible from a user's perspective) and the second position (i.e., at least two displays concurrently
5  visible from the user's perspective) in a variety of manners. For instance, the device 100 may include a
slider mechanism such that the first and second displays 102, 104 are disposable adjacent to one another
in a parallel fashion in a second position and slideable to the first position where only a single display is
viewable and the other display is obscured by the viewable display.
Alternatively, the device 100 may be arranged in a clam shell type arrangement wherein a hinge is
10 provided between the first display 102 and the second display 104 such that the displays 102, 104 are
concurrently visible by a user when in the second position (i.e., an open position). The displays 102, 104
may be provided on an interior clam shell portion or an exterior clam shell portion of the device 100. In this
regard, both displays 102, 104 may be visible from the front and the back of the device, respectively, when
the device is in the first position (i.e., the closed position). When the device 100 is in the open position, the
15 displays 102, 104 may be provided adjacent and parallel to one another. Alternative arrangements of the
handheld computing device 100 are contemplated wherein different arrangements and/or relative locations
of the displays may be provided when in the first and second position.
In addition, the first display 102 and the second display 104 may be provided as entirely separate
devices. In this regard, a user may manipulate the displays 102, 104 such that they may be positioned
20 adjacent to one another (e.g., side-by-side or end-to-end). The displays 102, 104 may be in operative
communication when adjacently positioned such that the displays 102, 104 may operate in the manner
provided in greater detail below when adjacently positioned (e.g., via physical contacts, wireless

communications, etc.). A retention member (not shown) may be provided to retain the separate displays

Page 8 of 28

Page 8 of 1192



Attorney Docket No.: 50224-00725 PATENT
Client Ref. No.: CD0009.1

102, 104 in an adjacent position. For instance, the retention member may include coordinating magnets,
mechanical clips or fasteners, elastic members, etc.
While the foregoing has referenced two displays 102 and 104, alternate embodiments of a
handheld device may include more than two displays. In this regard, the two or more displays may behave
5 ina manner in accordance with the foregoing wherein only a single display is viewable by a user in a first
position and multiple displays (i.e., more than two displays) are viewable in a second position. Additionally,
in one embodiment, the two displays 102 and 104 may comprise separate portions of a unitary display. As
such, the first display 102 may be a first portion of the unitary display and the second display 104 may be a
second portion of the unitary display. For instance, the handheld computing device 100 (e.g., having a first

10 and second display 102 and 104) may be operatively connected to the unitary display (e.g., via a connector
or a dock portion of the unitary display) such that the first display 102 and the second display 104 of the
handheld computing device 100 are emulated on the unitary display. As such, the unitary display may
have first and second portions corresponding to and acting in a similar manner to the first and second
display 102 and 104 of the handheld computing device 100 described below.

15 The handheld computing device 100 may further include one or more input devices that may be
used to receive user inputs. These input devices may be operative to receive gesture inputs from a user,
and, accordingly, may be referred to generally as gesture sensors. A number of different types of gesture
sensors may be provided. Some examples include, but are not limited to traditional input devices
(keypads, trackballs, etc.), touch sensitive devices, optical sensors (€.g., a camera or the like), etc. The

20  discussion contained herein may reference the use of touch sensitive devices to receive gesture inputs.
However, the use of touch sensitive devices is not intended to limit the means for receiving gesture inputs
to touch sensitive devices alone and is provided for illustrative purposes only. Accordingly, any of the
foregoing means for receiving a gesture input may be used to produce the functionality disclosed below

with regard to gesture inputs received at touch sensitive devices.
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In this regard, the handheld computing device 100 may include at least a first touch sensor 106.
Furthermore, the handheld computing device may include a second touch sensor 108. The first touch
sensor 106 and/or the second touch sensor 108 may be touchpad devices, touch screen devices, or other
appropriate touch sensitive devices. Examples include capacitive touch sensitive panels, resistive touch
5  sensitive panels, or devices employing other touch sensitive technologies. The first touch sensor 106

and/or second touch sensor 108 may be used in conjunction with a portion of a user's body (e.g., finger,
thumb, hand, etc.), a stylus, or other acceptable touch sensitive interface mechanisms known in the art.
Furthermore, the first touch sensor 106 and/or the second touch sensor 108 may be multi-touch devices
capable of sensing multiple touches simultaneously.

10 The first touch sensor 106 may correspond to the first display 102 and the second touch sensor
108 may correspond to the second display 104. In one embodiment of the handheld computing device
100, the first display 102 and the first touch sensor 106 comprise a first touch screen display 110. In this
regard, the first touch sensor 106 may be transparent or translucent and positioned with respect to the first
display 102 such that a corresponding touch received at the first touch sensor 106 may be correlated to the

15 first display 102 (e.g., to interact with a screen rendered on the first display 102). Similarly, the second
display 104 and the second touch sensor 108 may comprise a second touch screen display 112. In this
regard, the second touch sensor 108 may be positioned with respect to the second display 104 such that a
touch received at the second touch sensor 108 may be correlated to the second display 104 (e.g., to
interact with a screen rendered on the second display 104). Alternatively, the first touch sensor 106 and/or

20  the second touch sensor 108 may be provided separately from the displays 102, 104. Furthermore, in an
alternate embodiment, only a single gesture sensor may be provided that allows for inputs to control both
the first display 102 and the second display 104. The single gesture sensor may also be provided

separately or integrally with the displays.
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In this regard, the first and second touch sensors 106, 108 may have the substantially same
footprint on the handheld computing device 100 as the displays 102, 104. Alternatively, the touch sensors
106, 108 may have a footprint including less of the entirety of the displays 102, 104. Further still, the touch
sensors 106, 108 may include a footprint that extends beyond the displays 102, 104 such that at least a
5  portion of the touch sensors 106, 108 are provided in non-overlapping relation with respect to the displays
102, 104. As discussed further below, the touch sensors 106, 108 may alternatively be provided in
complete non-overlapping relation such that the footprint of the touch sensors 106, 108 is completely
different than the footprint of the displays 102, 104.
With reference to Figures 9A-B, various potential arrangements are depicted for the first display
10 102, the second display 104, and touch sensors 106', 106", and 108". In Figure 9A, the first 102 and
second display 104 are arranged side-by-side such that a crease 196 separates the displays. In this
regard, the first display 102 and second display 104 may be arranged in a clam-shell type arrangement
such that the crease 196 includes a hinge that allows for pivotal movement between the first display 102
and second display 104 as discussed above. A touch sensor 106' may span the width of both the first
15  display 102 and the second display 104. In this regard, the touch sensor 106" may span the crease 196
without interruption. Alternatively, as shown in Figure 9B, separate touch sensors 106" and 108" may be
provided on either side of the crease 196. In this regard, each of the touch sensors 106" and 108" may
span the width of each of the first display 102 and second display 104, respectively.
In any of the arrangements shown in Figures 9A-B, the displays (102, 104) may also comprise
20  touch screen displays that may be used in conjunction with touch sensitive portions that are provided
separately from the touch screen displays. Thus, displays 102 and 104 may both comprise touch screen
displays and be provided in addition to touch sensitive devices 106', 106", and 108". Accordingly, a
combination of touch screen displays (e.g., 110, 112) and off display touch sensors (e.g., 106', 106", 108")

may be provided for a single device. Touch inputs may be received at both a touch screen display (110,
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112) and off display touch sensor (106', 106", 108"). In this regard, gestures received at an off screen
display sensor may have a different functionality than the same gesture received at a touch screen display.
Also, a touch sensitive device may be divided into a plurality of zones. The same gesture received in
different zones may have different functionality. For instance, a percentage (e.g., 10%, 25%, etc.) of the
5  touch sensitive device at the top or bottom of the display may be defined as a separate zone than the
remainder of the touch sensitive device. Thus, a gesture received in this zone may have a different
functionality than a gesture received in the remainder of the touch sensitive device.
The handheld computing device 100 may further include a processor 116. The processor 116 may

be in operative communication with a data bus 114. The processor 116 may generally be operative to

10 control the functionality of the handheld device 100. For instance, the processor 116 may execute an
operating system and be operative to execute applications. The processor 116 may be in communication
with one or more additional components 120-134 of the handheld computing device 100 as will be
described below. For instance, the processor 116 may be in direct communication with one more of the
additional components 120-134 or may communicate with the one or more additional components 120-134

15  via the data bus 114. Furthermore, while the discussion below may describe the additional components
120-134 being in operative communication with the data bus 114, in other embodiments any of the
additional components 120-134 may be in direct operative communication with any of the other additional
components 120-134. Furthermore, the processor 116 may be operative to independently control the first
display 102 and the second display 104 and may be operative to receive input from the first touch sensor

20 106 and the second touch sensor 108. The processor 116 may comprise one or more different processors.
For example, the processor 116 may comprise one or more application specific integrated circuits (ASICs),
one or more field-programmable gate arrays (FPGASs), one or more general purpose processors operative

to execute machine readable code, or a combination of the foregoing.
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The handheld computing device may include a battery 118 operative to provide power to the
various devices and components of the handheld computing device 100. In this regard, the handheld
computing device 100 may be portable.

The handheld computing device 100 may further include a memory module 120 in operative

5  communication with the data bus 114. The memory module 120 may be operative to store data (e.g.,
application data). For instance, the memory 120 may store machine readable code executable by the
processor 116 to execute various functionalities of the device 100.

Additionally, a communications module 122 may be in operative communication with one or more
components via the data bus 114. The communications module 122 may be operative to communicate

10 over a cellular network, a Wi-Fi connection, a hardwired connection or other appropriate means of wired or
wireless communication. The handheld computing device 100 may also include an antenna 126. The
antenna 126 may be in operative communication with the communications module 122 to provide wireless
capability to the communications module 122. Accordingly, the handheld computing device 100 may have
telephony capability (i.e., the handheld computing device 100 may be a smartphone device).

15 An audio module 124 may also be provided in operative communication with the data bus 114.
The audio module 124 may include a microphone and/or speakers. In this regard, the audio module 124
may be able to capture audio or produce sounds. Furthermore, the device 100 may include a camera
module 128. The camera module 128 may be in operative communication with other components of the
handheld computing device 100 to facilitate the capture and storage of images or video.

20 Additionally, the handheld computing device 100 may include an I/O module 130. The I/O module
130 may provide input and output features for the handheld computing device 100 such that the handheld
computing device 100 may be connected via a connector or other device in order to provide syncing or
other communications between the handheld computing device 100 and another device (e.g., a peripheral

device, another computing device etc.).
Page 13 of 28

Page 13 of 1192



Attorney Docket No.: 50224-00725 PATENT
Client Ref. No.: CD0009.1

The handheld computing device 100 may further include an accelerometer module 132. The
accelerometer module 132 may be able to monitor the orientation of the handheld computing device 100
with respect to gravity. In this regard, the accelerometer module 132 may be operable to determine
whether the handheld computing device 100 is substantially in a portrait orientation or landscape

5  orientation. The accelerometer module 132 may further provide other control functionality by monitoring
the orientation and/or movement of the handheld computing device 100.

The handheld computing device 100 may also include one or more hardware buttons 134. The
hardware buttons 134 may be used to control various features of the handheld computing device 100. The
hardware buttons 134 may have fixed functionality or may be contextual such that the specific function of

10 the buttons changes during operation of the handheld computing device 100. Examples of such hardware
buttons may include, but are not limited to, a volume control, a home screen button, an end button, a send
button, a menu button, etc.

With further reference to Figures 2A-D, various screens of an embodiment of a device are shown.
multiple screens may be shown, only one or a subset of the multiple screens may be shown on the displays

15 of the device at any one moment. In this regard, a screen may be described in a relative location to the
displays or other screens (e.g., to the left of a display, to the right of a display, under another screen, above
another screen, etc.). These relationships may be logically established such that no physical display
reflects the relative position. For instance, a screen may be moved off a display to the left. While the
screen is no longer displayed on the display, the screen may have a virtual or logical position to the left of

20 the display from which it was moved. This logical position may be recognized by a user and embodied in
values describing the screen (e.g., values stored in memory correspond to the screen). Thus, when
referencing screens in relative locations to other screens, the relationships may be embodied in logic and

not physically reflected in the display of the device.
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Figures 2A-D may display a number of different screens that may be displayed at various instances
of operation of a handheld device and are not intended to be presented in any particular order or
arrangement. Single screen applications and multi screen applications may be provided. A single screen
application is intended to describe an application that is capable of producing a screen that may occupy

5 only asingle display at a time. A multi screen application is intended to describe an application that is
capable of producing one or more screens that may simultaneously occupy multiple displays. Additionally,
a multi screen application may occupy a single display. In this regard, a multi screen application may have
a single screen mode and a multi screen mode.
A desktop sequence 136 is displayed in Figure 2A. The desktop sequence 136 may include a

10 number of individual desktop screens 138a-138f. Thus, each desktop screen 138 may occupy substantially
the entirety of a single display (e.g., the first display 102 or second display 104 of Figure 1). The desktop
screens 138a-138f may be in a predetermined order such that the desktop screens 138a-138f appear
consecutively and the order in which the desktop screens appear may not be reordered. However, the
desktop screens 138a-138f may be sequentially navigated (e.g., in response to a user input). That is, one

15 or more of the desktop screens 138a-138f may be sequentially displayed on a handheld device as
controlled by a user input.

Additionally, Figure 2B displays a hierarchal application sequence 140 of a multi screen
application. The hierarchal application sequence 140 may include a root screen 142, one or more node
screens 144, and a leaf screen 146. The root screen 142 may be a top level view of the hierarchical

20  application sequence 140 such that there is no parent screen corresponding to the root screen 142. The
root screen 142 may be a parent to a node screen 144. One or more node screens 144 may be provided
that are related as parent/children. A node screen may also serve as a parent to a leaf screen 146. By leaf
screen 146, it is meant that the leaf screen 146 has no corresponding node screen 144 for which the leaf

screen 146 is a parent. As such, the leaf screen does not have any children node screens 144. Figure 2C
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depicts various single screen applications 148a, 148b, and 148c¢ arranged sequentially. Each of these
single screen applications may correspond to a different executing application. For instance, in Figure 2C
Application 4, Application 5, and Application 6 may be executing on the device and correspond to each
single screen 148a, 148b, and 148c¢, respectively.

5 Figure 2D also includes an empty view 166. The empty view 166 may be used during transitions of
a screen (e.g., movement of screen between a first display and a second display). It is not necessary that
the empty view 166 be interpretable by the user as an effective GUI screen. The empty view 166 merely
communicates to the user that an action regarding the screen (e.g., the movement of the screen with
respect to one or more displays) is occurring. An application displaying an empty view 166 need not be

10  able to rest, wait, process or interpret input. The empty view 166 may display a screen, or a representation
thereof, as it is being moved in proportion to the amount of the screen that has been moved from a first
display to a second display as will be discussed in greater detail below. In this regard, the empty view 166
may be used to relate information regarding the position of a screen during a transition of the screen (e.g.,
in response to gesture). An empty view 166 is only intended to refer to a screen not capable of receiving

15 aninput(e.g., a screen in transition). In this regard, the display of an empty view 166 may include an
animation or the like showing the response of a screen as it is being moved or changed (e.g., modified into
or out of a landscape mode).

Figures 3A-K depict various arrangements and statuses of displays 102, 104 of a device that are
possible in various embodiments of a handheld computing device according to the present disclosure. For

20 instance, when in the first (e.g., closed) position, a closed front display 168 may be visible as shown in
Figure 3A. The closed front display 168 may correspond with the first display 102 or the second display
104. The closed front 168 as displayed may be occupied by a desktop screen D1 138 as shown in Figure
3A. Alternatively, an application with a single screen or a multi screen application in single screen mode

may be displayed in the closed front 168. A closed back display 170 may be viewable from an opposite
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side of the display when the device is in a closed position, as shown in Figure 3B. The closed back 170
may display a different desktop screen or application screen than the closed front 168 (e.g., as shown in
Figure 3H) or may simply display an empty view 166 (e.g., displaying an icon or other graphic) and lack
functionality as an interface.

5 Figure 3C depicts a closed device in a landscape orientation 172a. In one embodiment, a
landscape mode (i.e., wherein the display is adjusted to display a screen in a landscape orientation) may
not be enabled as shown in Figure 3C. Alternatively, the landscape mode may be enabled such that the
screen (e.g., application screen 148) is modified when the device is sensed in a landscape orientation
172b, such that the screen 148 is rendered in a landscape orientation as shown at Figure 3D.

10 The device may further be provided in a second (e.g., open) position 174 as shown in Figure 3E.
In the open position 174, at least two displays 102, 104 are arranged such that the two displays 102, 104
are both visible from the vantage point of a user. The two displays 102, 104 may be arranged in a side-by-
side fashion when in the open position 174. Thus, each of the two displays 102, 104 may display separate
screens. For instance, the displays 102, 104 may each display a separate desktop screen 138a, 138b,

15 respectively. While the individual displays 102 and 104 are in a portrait orientation as shown in Figure 3E,
it may be appreciated that the full display area (comprising both the first display 102 and the second display
104) may be arranged in a landscape orientation. Thus, whether the device as depicted in Figure 3E isin a
landscape or portrait orientation may depend on whether the displays are being used individually or
collectively. If used collectively as a unitary display, the device may be in a landscape orientation, whereas

20  if the displays are used separately, the orientation shown in Figure 3E may be referred to as a portrait
orientation.

Additionally, when the device is in an open position 174 as shown in Figure 3F, a similar

dependency with regard to the use of the screens as a unitary display or separate displays may also affect

whether the device is in a portrait orientation or landscape orientation. As can be appreciated, each
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individual screen is in a landscape orientation, such that if the displays are used separately, the device may
be in a landscape orientation. If used as a unitary display, the device may be in a portrait orientation. In
any regard, as shown in Figure 3F, a single screen 148 may occupy a first display 102 and the second
display 104 may display a desktop screen 138. The single screen 148 may be displayed in a landscape or

5  portrait mode. Alternatively, a device in an open orientation may display a multi screen application 156 that
may occupy both displays 102, 104 in a portrait orientation as shown in Figure 3G such that the individual
displays are in a landscape orientation.

Figures 3I-K depict the potential arrangements of the screens of a multi screen application 152.
The multi screen application 152 may, in one mode, occupy a single display 102 when the device isin a

10  closed position 168 as shown in Figure 31. That is, the multi screen application 152 may be in a single
screen mode. Alternatively, when the device is in an open position as shown in Figure 3J, the multi screen
application 152 may still occupy a single display 102 in single screen mode. Furthermore, the multi screen
application 152 may be expanded to occupy both displays 102, 104 when the device is in the open position
as shown in Figure 3K. In this regard, the multi screen application 152 may also execute in a multi screen

15  mode. Various options may be provided for expanding the multi screen application 152 from a single
screen mode to a multi screen mode.

For example, the multi screen application 152 may be maximized from a single screen mode
displayed in a single display to two screens displayed in two displays such that a parent screen is displayed
in the first display and a node screen (e.g., a child screen) is expanded into the second display. In this

20 regard, each of the screens displayed in the first and second display may be independent screens that
comprise part of a hierarchical application sequence (e.g., as shown in Figure 2B). Alternatively, the single
screen mode of the multi screen application may simply be scaled such that the contents of the single
screen are scaled to occupy both displays. Thus, the same content displayed in the single screen is scaled

to occupy multiple displays, but no additional viewing area or graphics are presented. Further still, the
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maximization of the multi screen application from a single screen mode to a multi screen mode may result
in the expansion of the viewable area of the application. For example, if a multi screen application is
displayed in single screen mode, upon maximization into multi screen mode, the viewable area of the multi-
screen application may be expanded while the scale of the graphics displayed remains the same. In this

5  regard, the viewable area of the multi-screen application may be expanded into the second display while
the scaling remains constant upon expansion.

In this regard, an application may have configurable functionality regarding the nature and behavior
of the screens of the application. For instance, an application may be configurable to be a single screen
application or a multi screen application. Furthermore, a multi screen application may be configurable as to

10  the nature of the expansion of the multi screen application between a single screen mode and a multi
screen mode. These configuration values may be default values that may be changed or may be
permanent values for various applications. These configuration values may be communicated to the device
(e.g., the processor 116) to dictate the behavior of the application when executing on the device.

Figure 4 depicts various graphical representations of gesture inputs that may be recognized by a

15  handheld computing device. The gestures shown are demonstrative, and as such, other gestures may be
provided without limitation. Such gestures may be received at one or more gesture sensors of the device.
In this regard, various input mechanisms may be used in order to generate the gestures shown in Figure 4.
For example a stylus, a user’s finger(s), or other devices may be used to activate a touch sensitive device
in order to receive the gestures. Alternatively, the gestures may be detected by an optical device (e.g., a

20 camera). The use of a gesture may describe the use of a truncated input that results in functionality without
the full range of motion necessary to conventionally carry out the same functionality. For instance,
movement of screens between displays may be carried out by selecting and moving the screen between
displays such that the full extent of the motion between displays is received as an input. However, such an

implementation may be difficult to accomplish in that the first and second displays may comprise separate
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display portions without continuity therebetween. As such, a gesture may truncate the full motion of
movement or provide an alternative input to accomplish the same functionality. Thus, movement spanning
the first and second display may be truncated so that the gesture may be received at a single touch
sensitive device. The use of gesture inputs is particularly suited to handheld computing devices in that the
5  full action of an input may be difficult to execute given the limited input and display space commonly
provided on a handheld computing device.
With reference to Figure 4, a circle 190 may represent a touch received at a touch sensitive device.
The circle 190 may include a border 192, the thickness of which may indicate the length of time the touch is
held stationary at the touch sensitive device. In this regard, a tap 186 has a thinner border 192 than the
10 border 192 for a long press 188. In this regard, the long press 188 may involve a touch that remains
stationary on the touch sensitive display for longer than that of a tap 186. As such, different gestures may
be registered depending upon the length of time that the touch remains stationary prior to movement.
A drag 176 involves a touch (represented by circle 190) with movement 194 in a direction. The
drag 176 may involve an initiating touch that remains stationary on the touch sensitive device for a certain
15 amount of time represented by the border 192. In contrast, a flick 178 may involve a touch with a shorter
dwell time prior to movement than the drag as indicated by the thinner border 192" of the flick 178. Thus,
again different gestures may be produced by differing dwell times of a touch prior to movement. The flick
178 may also include movement 194. The direction of movement 194 of the drag and flick 178 may be
referred to as the direction of the drag or direction of the flick. Thus, a drag to the right may describe a drag
20 176 with movement 194 to the right.
In an embodiment, a gesture having movement (e.g., a flick or drag gesture as described above)
may be limited to movement in a single direction along a first axis. Thus, while movement in a direction
different than along the first axis may be disregarded so long as contact with the touch sensitive device is

unbroken. In this regard, once a gesture is initiated, movement in a direction not along an axis along which
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initial movement is registered may be disregarded or only the vector component of movement along the
axis may be registered.

While the directional gestures (e.g., the drag 176 and flick 178) shown in Figure 4 include only
horizontal motion after the initiation of the gesture, this may not be actual movement of the touch during the

5  gesture. Forinstance, once the drag 176 is initiated in the horizontal direction, movement in a direction
other than in the horizontal direction may not result in movement of the screen to be moved in the direction
different and the horizontal direction. For instance, with further reference to Figure 7, the drag 176 from left
to right may be initiated with initial movement 204 from left to right along an initiated direction 210.
Subsequently, while the user may input an off direction movement 206 in a direction different than the

10  initiated direction 210. In this regard, the off direction movement 206 may not result in any movement of a
screen between two displays. Furthermore, the user may input partially off direction movement 208, where
only a vector portion of the movement is in the direction of the initiated direction 210. In this regard, only
the portion of the partially off direction movement 208 may result in movement of a screen between
displays. In short, the movement of application screens between the first display 102 and the second

15 display 104 may be constrained along a single axis along which the displays are arranged.

The handheld computing device that is positionable such that a first display 102 and a second
display 104 are both visible from the vantage point of the user may allow for expansion of applications to
occupy both the first display 102 and the second display 104. This expansion may be by a variety of
techniques such as, for example, by way of receipt of a gesture or otherwise. In that applications may

20 include one or more screens or have screens that may be expanded across multiple displays, it may be
advantageous to provide an indication to a user as to whether the application screen is expandable, has
been expanded, or is in the process of expanding.

To this end, a screen may include an icon which indicates to a user the state of the screen (e.g., be

itin an expanded mode, unexpanded mode, or expanding mode). The icon may be morphed along with
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the expansion of the application screen or application into another display. Such an arrangement is
depicted in Figures 5A-5C. In Figure 5A, an expandable multiscreen application 156 is disposed in a first
display 102. A first screen 156A of the application 156 occupies substantially all of the first display 102. An
icon 500, is provided on the first screen 156A and may indicate to a user that the application 156 may be
5 expanded. The icon 500 may be located along a periphery of the first display 102. For instance, as shown,
the icon 500 may be arranged along a top portion of the display. The icon 500 may be provided adjacent to
or superimposed on a status bar 550. As shown, the icon 500 occupies a portion of the status bar 550 and
the application screen 156A, however other embodiments may be provided wherein the icon 500 is
disposed wholly within the status bar 550, the application screen 156A, or in some other fashion. The
10  status bar 550 may provide data such as cellular signal strength, cellular carrier information, services
executing on the device, battery strength, time/date information, or other appropriate information. In other
embodiments, the icon 500 could be provided in other locations such as along the bottom of the first display
102 or away from a peripheral edge of the display 102.
The icon 500 may have a number of states that correspond with the condition of the application
15 156. As such, icon 500 may be in a first state. In tum, icon 500" may correspond to the icon 500 in a
second state (e.g., wherein application 156 is in a second condition). Icon 500" may represent icon 500 in a
state between the first state and second state.
A second display 104 including a desktop screen 138 is also visible to a user. Upon initiation of
expansion of the application 156 into the second display 104, shown in Figure 5B, the icon 500 may morph
20  intoicon 500" as the second screen 156B of application 156 begins to expand into the second display 104.
The expansion of application 156 into the second display may be animated such that the second screen
156B of application 156 appears as though it is moving from the first display 102 to the second display 104.
With this animation, the icon 500 may morph to icon 500" and finally to icon 500" as shown in Figure 5C

once the application 156 has expanded to occupy the first display 102 and the second display 104. The
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icon 500" may extend across both displays. This may additionally indicate to a user that the application
156 may be minimized to occupy only the single display.
In this regard, the icon 500 may include a first dimension and a second dimension comprising a

first aspect ratio. Icon 500" may have a third dimension and a fourth dimension comprising a second

5 aspectratio. Invarious embodiments, the first aspect ratio and second aspect ratio may change or may
remain constant upon expansion of the application 156. For example, the first aspect ratio may change as
the application 156 expands to occupy both displays until finally the icon 500" is in a steady state, wherein
the icon 500" defines the second aspect ratio. In this regard, the first dimension and the third dimension of
the icon 500 and 500", respectively, may be the same. That is, icon 500 and 500" may share a common

10  dimension in a first direction. For instance, at the first dimension and the third dimension may comprise a
height dimension. In this regard, the height of icon 500 may not change as it morphs to 500", however, the
width of icon 500 may expand commensurately with the expansion of the application into the second
display. In other embodiments, the height of the icons 500, 500", and 500" may also change (e.g., to
maintain a constant aspect ratio); however, such an instance is not shown.

15 When modifying the manner in which the application is displayed, the modifying may include a
stretching or expanding of the icon 500 into the second display 104 in proportion to the expansion of the
application 156. In this regard, the width (e.g., the first or third dimension) may be proportionate to the
width of the application 156 as it expands into the second display. That s, the icon 500' may have a length
corresponding to the width of screen 156A and any portion of the width of screen 156B as it is expanded

20 into the second display 104. As such, once fully expanded, icon 550" may have a width equal to the width
of screens 156A and 156B combined (e.g., as a continuous icon spanning both screens).

While the invention has been illustrated and described in detail in the drawings and foregoing
description, such illustration and description is to be considered as exemplary and not restrictive in

character. For example, certain embodiments described hereinabove may be combinable with other
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described embodiments and/or arranged in other ways (e.g., process elements may be performed in other
sequences). Accordingly, it should be understood that only the preferred embodiment and variants thereof
have been shown and described and that all changes and modifications that come within the spirit of the

invention are desired to be protected.
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What is claimed is:

1. A method for controlling a handheld computing device including one or more displays,
comprising:

displaying an application in a first display condition, wherein the first display condition includes an

5 icon in a first state corresponding to the first display condition;

receiving a gesture input at a gesture sensor;

modifying the manner in which the application is displayed in response to the receiving step;

wherein the modifying step includes changing the application to a second display condition,
wherein the icon is in a second state corresponding to a second display condition.

10 2. The method according to Claim 1, wherein the icon is changed in proportion to the relative
position of the application with respect to the first and second display.

3. The method according to Claim 2, wherein the first display condition includes displaying
the application in only a first display, and wherein the modifying includes expanding the application to
occupy at least a first and second display.

15 4. The method according to Claim 1, wherein the first display condition includes displaying
the application in at least a first and second display, and wherein the modifying includes minimizing the
application to occupy only one of the first and second displays.

5. The method according to Claim 4, wherein the first and second dimension define a first

aspect ratio and the third and fourth dimension define a second aspect ratio.

20 6. The method according to Claim 4, wherein the first aspect ratio is different than the second
aspect ratio.
7. The method according to Claim 6, wherein the first dimension and the third dimension are
equal.
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8. The method according to Claim 7, wherein the first dimension and the third dimension are
vertical dimensions.
9. The method according to Claim 8, wherein the second dimension corresponds to a width
of the application when displayed in the first display, and wherein the fourth dimension corresponds with
5  the width of the application when displayed in the first and the second display.
10. The method according to Claim 9, wherein the modifying step includes animating the
change of the application.
1. The method according to Claim 10, wherein the animating includes the change of the icon
from the first aspect ratio to the second aspect ratio.
10 12. A handheld computing device, comprising:
a processor;
a first display operable to display a first screen, the first display being in operative communication
with the processor;
a second display operable to display a second screen, the second display being in operative
15 communication with the processor;
at least one gesture sensor operable to receive a gesture input;
wherein the processor is operable to execute an application that is displayable on at least one of
the first display and the second display in response to the gesture input, the application comprising an icon
indicative of a display status of the application with respect to the first and second displays.
20 13. A device as recited in Claim 12, wherein the icon is indicative of whether the application is
expandable, whether the application is expanded, or whether the application is expanding.
14, The device as recited in Claim 13, wherein the handheld computing device comprises a

smart phone.
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15. The device as recited in Claim 14, wherein the first display and second display are
positionable with respect to each other between an open and closed position.
16. The device as recited in Claim 15, wherein when in the open position, the first display and
the second display are visible from the vantage point of a user.
5 17. The device as recited in Claim 16, wherein when in the closed position, only one of the first

display and the second display are visible from the vantage point of a user.
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ABSTRACT

Methods and apparatus for indicating a status of an application that is displayable on one or more
displays of a handheld computing device. An icon may be provided that indicates the status and/or
potential statuses of the application (e.g., whether the application is expandable and/or expanded). The

5 icon may be changeable between a first state and a second state depending on the status of the

application. The change in the icon from the first state to the second state may be animated along with an
animated change of the application between display states. As such, a user may observe the icon to
determine the status of the application with respect to the one or more displays (e.g., whether the

application is expandable, expanded, or expanding).
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is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TC THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is
used by the U.5. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/cr examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552)
and the Privacy Act (5 U.5.C. 852a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.85.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to ancther federal agency for purposes of National Security
review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.8.C. 2904 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant]
to 35 U.5.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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Electronic Acknowledgement Receipt

EFS ID: 8861395

Application Number: 12948686

International Application Number:

Confirmation Number: 4336
Title of Invention: USER INTERFACE WITH SCREEN SPANNING ICON MORPHING
First Named Inventor/Applicant Name: Eric Freedman
Customer Number: 25231
Filer: Jon Patrick Deppe

Filer Authorized By:

Attorney Docket Number: 50224-00725 (CD0009.1)
Receipt Date: 17-NOV-2010
Filing Date:
Time Stamp: 20:03:04
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B)(tes)/ Multl. 'Pages
Number Message Digest | Part/.zip| (ifappl.)
111890
1 Patent-Application-Final.pdf yes 28
31ch64c1d32765b220067 ae84 3 a8 c2a4 66|
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Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 24
Claims 25 27
Abstract 28 28
Warnings:
Information:
) o 126902
2 Drawings-only black and whiteline | *55) 4 60725-Figures-Filed pdf no 8
drawings
5¢35bbac2652b0d2a77d52ff5ch01¢c36f0b8]
Warnings:
Information:
1290903
3 Application Data Sheet sb0014_fill.pdf no 4
45641c599b4d7a72b8323c00c79500edda
38f5f
Warnings:
Information:
Total Files Size (in bytes):‘ 1529695

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the applicationas a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/06 (07-06)

Approved for use through 1/31/2007. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.
** |If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

PATENT APPLICATION FEE DETERMINATION RECORD | Aplication or Docket Number | Filing Date
Substitute for Form PTO-875 1 2/948,686 11/17/2010 D To be Mailed
APPLICATION AS FILED — PART | OTHER THAN
(Column 1) (Column 2) SMALLENTITY []  ©R SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
D Basic Fee N/A N/A N/A N/A 330
(37 CFR1.16(a) (b) or (c))
X seARcH Fee
| ____(37CFR1.16(J (). or (m) N/A N/A N/A N/A 540
m EXAMINATION FEE
(37 GFR 1.16(0), (p), or (9)) N/A N/A N/A N/A 220
TOTAL CLAWS Tmmeze |- 0 TP o [ xsen 0
INDEPENDENT GLAS 2 wines- |- 0 - 5oz 0
If the specification and drawings exceed 100
0 sheets of paper, the application size fee due
A3F7>PCL£A1T1IE)N SIZE FEE is $250 ($125 for small entity) for each
( 16(s)) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
p—
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL 1090
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
= AFTER PREVIOUSLY EXTRA RATE (9 | FeE (9) RATE ($) FEE ($)
5 AMENDMENT PAID FOR
E I?stﬁgl erern v Minus § == = Xs = ORlxs =
=4 el B vinus | - - xs - or | xs -
<§( l:l Application Size Fee (37 CFR 1.16(s))
p—
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) OR
E— p——
TOTAL TOTAL
ADD’L OR ADD’L
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
= AMENDMENT PAID FOR
Z | o erers . Minus | = - Xs = oR [ xs =
= [ epencent) - Minus | - Xs = or [xs -
5 D Application Size Fee (37 CFR 1.16(s))
=
< D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) OR
TOTAL TOTAL
ADD’L OR ADDL
FEE FEE

Legal Instrument Examiner:
/CHERRI FITZGERALD/

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

APPLICATION I FILING or GRP ART I I I I |
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
12/948,686 11/17/2010 2628 0.00 50224-00725 (CD0009.1) 17 2
CONFIRMATION NO. 4336
25231 FILING RECEIPT
MARSH, FISCHMANN & BREYFOGLE LLP
8055 East Tufts Avenue TR AL MO e
Suite 450 000000044 769689

Denver, CO 80237
Date Mailed: 12/03/2010

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Eric Freedman, Austin, TX;
Assignment For Published Patent Application
FLEXTRONICS ID, LLC, Broomfield, CO
Power of Attorney: None

Domestic Priority data as claimed by applicant
This appln claims benefit of 61/389,000 10/01/2010
and claims benefit of 61/389,117 10/01/2010
and claims benefit of 61/389,087 10/01/2010

Foreign Applications

If Required, Foreign Filing License Granted: 12/02/2010

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/948,686

Projected Publication Date: To Be Determined - pending completion of Missing Parts
Non-Publication Request: No

Early Publication Request: No
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Title

USER INTERFACE WITH SCREEN SPANNING ICON MORPHING
Preliminary Class

345

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents”) for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

| APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE
12/948 686 11/17/2010 Eric Freedman 50224-00725 (CD0009.1)
CONFIRMATION NO. 4336
25231 FORMALITIES LETTER
MARSH, FISCHMANN & BREYFOGLE LLP
8055 East Tufts Avenue ORI M
Suite 450 000000044769

Denver, CO 80237
Date Mailed: 12/03/2010

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Filing Date Granted
Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied
by the extension fee under the provisions of 37 CFR 1.136(a).

* The statutory basic filing fee is missing.
Applicant must submit $330 to complete the basic filing fee for a non-small entity. If appropriate, applicant may
make a written assertion of entitlement to small entity status and pay the small entity filing fee (37 CFR 1.27).

* The oath or declaration is missing.
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above
Application Number and Filing Date, is required.
Note: If a petition under 37 CFR 1.47 is being filed, an oath or declaration in compliance with 37 CFR 1.63

signed by all available joint inventors, or if no inventor is available by a party with sufficient proprietary interest,
is required.

The applicant needs to satisfy supplemental fees problems indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:
+ A surcharge (for late submission of filing fee, search fee, examination fee or oath or declaration) as set forth in
37 CFR 1.16(f) of $130 for a non-small entity, must be submitted.
SUMMARY OF FEES DUE:
Total fee(s) required within TWO MONTHS from the date of this Notice is $1220 for a non-small entity
+ $330 Statutory basic filing fee.
+ $130 Surcharge.

« The application search fee has not been paid. Applicant must submit $540 to complete the search fee.

« The application examination fee has not been paid. Applicant must submit $220 to complete the examination
fee for a non-small entity.
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Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserlLocalEPF .html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/ldvan/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 12/948,686
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b}, or (<)) N/A N/A N/A N/A 330
SEARCH FEE
(37 GFR 1.16(K), (i), or (m)) N/A N/A N/A N/A 540
EXAMINATION FEE
(87 CFR 1.16(0), {p), or (q)) N/A N/A N/A N/A 220
TOTAL CLAIMS . *
(37 CFR 1.16(7)) 17 minus 20= OR |« 52 - 0.00
INDEPENDENT CLAIMS - *
(37 CFR 1.16(h) 2 minus 3 = x 220 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $270 ($135 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1090
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
| Total . i I =
= (37 CFCF)E ?.15(1)) Minus = OR |«x =
a Independent * Minus | ** =
E (37 PR 1.16(h) = OR |«x =
<§( Application Size Fee (37 GFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Golumn 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total * Minus ** = =
= (37 OFg ?.Ie(r)) OR |x =
% Independent * Minus | *** = = OR |«x =
w (37 CFR 1.16(h)) B B
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.SPLO.gov

[ APPLICATION NUMBER FILING OR 371(C) DATE FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/948,686 11/17/2010 Eric Freedman 50224-00725 (CD0009.1)
CONFIRMATION NO. 4336
25231 FORMALITIES LETTER

MARSH, FISCHMANN & BREYFOGLE LLP

8055 East Tufts Avenue RECEIVED [l LR

JEIw

Suite 450 |
Denver, CO 80237 DEC - 6 2010
Date Mailed: 12/03/2010
MARSH FISCHMANN &
BREYFOGLE LLP

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Filing Date Granted

Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied
by the exten5|on fee under the prowsmns of 37 CFR 1. 136(a) o o

; PSS
oo e '

. The statutory basm f|||ng fee is mlssmg ' : s
Appl/cant must submit $330 to complete the basic f/l/ng fee for a non- smal/ entlty If appropr/ate applicant may
make a wrltten assertion of entitiement to small entity status and pay the small entity filing fee (37 CFR 1.27).

* The oath or declaration is missing.
A properly signed oath or declaration in compliance with 37 CFR 1.63, Identlfymg the application by the above
Application Number and Filing Date, is required.
Note: If a petition under 37 CFR 1.47 is being filed, an oath or declaration in compliance with 37 CFR 1.63
signed by all available joint inventors, or if no inventor is available by a party with sufficient proprietary interest,
is required.

The applicant needs to satisfy supplemental fees problems indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

« A surcharge (for late submission of filing fee, search fee, examination fee or oath or declaration) as set forth in
37 CFR 1.16(f) of $130 for a non-small entity, must be submitted.

SUMMARY OF FEES DUE:

Total fee(s) required within TWO MONTHS from the date of thls Notice is $1220 for a non-small entlty
- $330 Statutory basic filing fee. : .
» $130 Surcharge. : e :
» The application search fee has not been paid. Appllcant must submlt $540 to complete the search fee.
«The application examlnahon fee has not been pald Apphcant must submit $220 to complete the examination
fee for a non~sma|l entlty "
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Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserl ocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at hitp://www.uspto.gov/ebc. ’

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/ldvan/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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Electronic Acknowledgement Receipt

EFS ID: 9421359
Application Number: 12948686
International Application Number:
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Title of Invention:

USER INTERFACE WITH SCREEN SPANNING ICON MORPHING

First Named Inventor/Applicant Name:

Eric Freedman

Customer Number:

25231

Filer:

Jon Patrick Deppe/Maureen Sileo

Filer Authorized By:

Jon Patrick Deppe

Attorney Docket Number:

50224-00725 (CD0009.1)

Receipt Date: 10-FEB-2011
Filing Date: 17-NOV-2010
Time Stamp: 17:38:22

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type

Electronic Funds Transfer

Payment was successfully received in RAM

$1350

RAM confirmation Number

4216

Deposit Account

Authorized User

File Listing:

Document

Number Document Description

File Size(Bytes)/ Multi Pages

File Name Message Digest | Part/.zip| (ifappl.)
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332305
1 Oath or Declaration filed Declaration_Signed.pdf no 4

150¢5af629d09009fdac81a31619e229e882)
8e20

Warnings:

Information:

107642
2 Miscellaneous Incoming Letter MissingPartsNotice.pdf no 2
<6d6ddc7181c473d14c9c24200797b9154

Warnings:

Information:

77497
3 Response to Pre-Exam Sequence Notice SubmissionMissingParts.pdf no 2
33f796c00e88368b92d4a7881c550a4eebf3]

Warnings:

Information:

38816
4 Fee Worksheet (PTO-875) fee-info.pdf no 2

841276002d3a93956dec62c9de468be3191)
1c3bb

Warnings:

Information:

Total Files Size (in bytes):{ 556260

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Document Description: Qath or declaration filed PTOISBIO] (04-08)
Approved for uss through 09/3072610. OMB 08516032

. 1.8, Patent and Trademark Office; U.S. DEPARTMENT OF GOMMERCE

Under the Papenwork Reduction Act of 1895, no petsons aré required lo rospond to a collestion of laforaiation unless it confalns & vaild OMB condrol numbser,

1 DECLARATIg{I\EISI‘-;gﬁ UTILITY OR | Aorney Docket 50224-00725 (CD0009.1)
PATENT APPLICATION First Named Inventor | Fraadman
(37 CFR ’!,63} ) COMPLETE IF KNOWN
Peclaration Declaration Application Number 12/948,686
' —  Submitted Alter Initial
D %&R}Eﬁ; OR Fglng(s?trchagan ° Flling Date 11717/2610
Filing {37 CFR 1.16{f) Art Unit 4336
K required} ‘
Examiner Nams J

{ hereby declare that: (1) Each inventor's restdence, malling address, and citizenship are as stated below next to thelr name;
and {2) | believe the inventor(s) named below fo be ihe original and first inventor(s} of the subject maiter which Is clalmed and
for which a patent Is sought on the Invenlion titled:

USER INTERFACE WITH SCREEN SPANNING ICON MORPHING

{Title of the Invention}
the appllcation of which

D is aftached hersto
OR

was filed on (MMIDD/YYYY) 11/7/2010 as United States Application Number or PCT International

Application Number 12/248,686 and was amended on (MMDD/YYYY) {if applicable).

| hereby state that | have reviewed and undersland the contents of the above Identified application, including the clalms, as
amended by any amendment spec foally referred to above.

1 acknowledge the duty to disclose informatlon which is material to patentabliily as defined In 37 CFR 1,586, including for
confinuation-ln-part applications, materlal {nformation which became available betweon the filing date of the prior application
and Ihe national or PCT internalional flling date of the confinuatien-In-part application.

Authorization To Permit Access To Application by Participating Offices

If checked, the undersigned hereby grants the USPTO authorlty fo provide the European Patent Office {EPO}, the
Japan Patent Office {JP0), the Korean Inteilectual Property Office (KIPO), the World intellectual Property Offtce {WIPO), and
any other inteflsctual property offices In which a forelgn application clalming priorily to the above-identified patent application is
filed access to the above-identified patent application. See 37 CFR 1.14(c) and {h). This box should notbs checked If the
applicant does not wish the EPO, JPO, KiPO, WIPO, or other Intelleciual property office in which a foreign application claiming
priarity {o the above-lde niified patent appiication is filed to have access {o the above-identlfied patent application.

1n accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the above-identified patent application with respsct
to: 1) the above-ldentifisd patent applicatlon-as-filed; 2) any forelgn applicatlon to which the abov -idenilfied patent application
clalms priotty under 35 U.S.C. 119{a)-(d) If a copy of the forelgn application that satisfies the cerlified copy requirement of

37 GFR 1.55 has been filed In the above-identified patent application; and 3) any U.S. application-as-fited from which benefit Is
sought In the above-identified patent application. .

In accordancé with 37 CFR 1.14{c), access may be provided to Information concerning the dale of flling the Authorization to
Parmit Access 1o Applicailon by Particlpating Offices.

{Page 1 of 3}
This collection of laformalion s required by 35 U.8.C. 115 end 37 CFR 1.63. The Information is required fo oblaln or teleln a benefll by the public which Is to file {and
by the USPTO lo procass) an appiication. Confidenliallly is goveraed by 35 U.S.C, 122 2nd 37 CFR .11 and 1.14. This coflection s estimated to iake 21 minules to
compiete, Including galhedng, preparing, and submitiing the conplsled applicalion form to ihs USPYO, Time viil vary depending uvpon the individeal ¢aso. Any
commonts on (ke amount of ime you requlre {o complete s form andfor suggestions for 1educing s burden, should be sent lo the Chief Information Officer, US.
Patant and Tradematk Office, U.S. Deparimont of Commercs, £.0. Box 1450, Aloxandria, VA 223131450, DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND T0: Commissloner for Patents, P.0. Box 1450, Alexandrla, VA 22313-1450.

¥ you need assistance in completing 1o foro, call 4-800-PTO-9198 and sefack oplion 2.
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PTOISBIO] (04-08)

Approved for use [hrough 09/30/2010. OM8 08516032
U.8. Patent and Trademark Office; U.8, DEPARTMENT OF COMMERCE
Under the Papensork Reduction Act of 1885, no persons ara required to respond 1o a collection of Information unless 1t contains a valld OMB conirol number.

DECLARATION — Utility or Design Patent Application

Clalm of Forelgn Priority Benefits

| hereby clalm forelgn priorily benefiis under 3
inventor's or plant breeder’s rights certlficate(s),
cotntry other than the United States of Americs,
application for patent, inventor's or plant breeder’

5 U.S.C. 118{a)-{d) or (), or 385(b) of any forelgn applicallon(s} for paient,
or 385(a) of any PCT Internafional appllcation which dssignated at least one
listad helow and have also Identified bslow, by checking the boX, any forelgn

s rlghfs cerdificate(s), or any PCT international application having a filing date

hefore that of the appiication on which priority is claimed.

Prior Foreign Application Count Forelgn Filing Date Priority Ceriified Copy Attached?
Number(s) ountry (MMIDDIYYYY) Not Claimed YES NO

L

i

L

L

L

L

[

!

£

[l

L

1l

D Additional forelgn application number(s) are listed on a supplemental priority data shest PT0Q/8B/02B altached hereto.
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Uader the Paperwork Reduellon Acl of 1885, no peisons are required fo respond to a colfectlon of faformation unless it contalns a valid ©

PTOISBIOT (84-09)

Approved fos use through 09730/2010, OMB 06510032

U.8. Palent and Trademark Offlce; U.S. DEPARTMENT OF COMMERCE
MB contol numbat,

DECLARATION — Utility or Design Patent Application

The address )
Direct all Correspondetice
correspondence to; assoclated with 25231 OR [ address below
Cuslomer Number.
Name
Address
Clty State Zip
Countey Tslephone Email
WARNING: .
Petitionerfapplicant Is cautioned to avold submilting perscnal information In documents filed in a patent appfication that may

contdbute to identity theft, Personal Informallon such as soclal security numbers, bank account numbers,
{other than a check or credit card autho
USPTO fo support a patition or an appllcation. [f this type of personel info

USPTO, petitfonsrsfapplicant

to the USPTO. Pelltionerfappiicant is advised that the record of & patent app,
the application (unless a non-publication reque
record from an abandoned applicatlon may a

a patent. Furthermore, the

or credit card numbers
tted for payment purposes) Is never required by the
rmation Is inciuded In documents submilted to the
smalion from the documents before submiiting them
lieation Is avatiable fo the publlc after pubfication of
st in compliance with 37 CFR 1.213(a) Is made in the application) or fssuance of
iso be available to the public if the application is

rization form PTQO-2038 submi

s should consider redacting such personal Infor

referenced in a published appficailon or an issued patent {see 37 CFR 1.14). Checks and credit card authorization forms

PTO-2038 submiiled for payment purposes
Petitionerfapplicant Is advised that docu
into the Privacy Act systern of records D
Files. Documents not retained ir an application

are not relained in the application file and therefore are not publicly available,

menis which form the record of a patent application (such as the PTOISBIO1) are placed
EPARTMENT OF COMMERCE, COMMERCE-PAT-7, System name; Patent Application
file (such as ihe PTO-2038) are placed inlo the Privacy Act system of

COMMERCE/PAT-TM-10, System name: Deposft Accounts and Efectronfe Funds Transfer Profiles.

1 hereby declare that all state
belief are belleved to be true;

the like so made are punishable by fine or laprisonmen

ments made herein of my own knowledge are rue and that all statements made on information and
and further that these stafements were made wilh the knowledge thal willful false statements and
t, or both, under 18 U.S.C. 1001 and that such williul false siatements

may jsopardize the valldity of the application or any patent issued thereon.

NAME OF SOLE OR FIRST INVENTCR:

[T Apotition has been filed for this unsigned inventor
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Glvan Name {fist and siddle f any]) Family Name or Strname ,
ERIC e FREEDMAN
Invent ﬁsﬁ%}n e Date
/ ' ]________\ > \ o I it
ance: iy State Country Qitizenship
AUSTI ™ usS uUs
{ Malling Address
101 W. 6TH STREET
Cily State Zip Country
AUSTIN X 78701 Us
[:I Addillona! fnvenlors or a lagal representative are belng nemad enthe supplemental sheelfs) PTO/SB/02A or 02LR altached herelo
{Page 3 0f 3]




Privacy Acf Statement

The Privacy Act of 1974 {P.L. 93-579) requires that you be given certain information In connection with
your submission of the aftached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Acl, please be advised that: (1) the general authority for the collection of this
information is 35 U.8.C. 2(b}{(2); (2) furnishing of the information sollcited Is voluntary; and (3)the
principal purpose for which the information Is used by the U.S, Patent and Trademark Office is fo process
and/or examine your submission related to a patent application or patent. I you do not furnish the
requested Information, the U.S. Patent and Trademark Offlce may not be able fo process andfor examine
your submisslon, which may result in termination of procsedings or abandonment of the application or
expiration of the patent. :

The Information provided by you in this form will be subject fo the following routine uses:

1.
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The Informatlon on this form will be treated confidentially to the extent aflowed under the
Freadom of Information Act (5 U.8.C. 552) and the Privacy Act (8 U.S.C 552a}. Records
from this system of records may be disclosed to the Department of Justice to determine
whether disclosure of these records Is required by the Freedorn of Information Act,

A record from this system of records may be disclosed, as a routine use, in the course of
preseniing evidence io a court, magisirate, or administrative tribunal, including disclosures

to opposing counsel in the course of seftlement negotiations.

A record In this system of records may be disclosed, as a routlne use, fo a Member of
Congress submitling a request involving an Individual, to whom the record pertains, when
the Individual has requested assistance from the Member with respect {o the subject matter
of the record.

A record in this system of records may be disclosed, as a roufine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipienis of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuent to 5 U.S.C. 552a(m).

A record related {o an International Application filed under the Patent Cooperation Treaty in
ihis syster of records may be disclosed, as a routine uss, to the International Bureat: of the
World Inteflectual Property Organization, pursuant to the Patent Gooperation Treaty.

A record In {his system of records may be disclosed, as a routine uss, fo another federal
agency for purposes of Natlonal Security review (35 U.S.C. 181} and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routlne use, lo the
Administrater, General Services, or hisfher designee, during an inspection of records
conducted by GSA as part of that agency's responsibilily to recommend improvements in
records management practices and programs, under authorify of 44 U.8.C. 2804 and 2906.
Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant {i.e., GSA or Commerce)

directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or Issuance of a patent
pursuant to 36 U.8.C. 151. Further, a record may be disclosed, subject to the limitations of
37 CFR 1.14, as a rouline use, 1o the public If the record was filed in an application which
became abandoned or in which the proceedings were terminated and which appfication Is
referenced by elther a published application, an application open to public inspection or an
Issued patent.

A record from this system of records may be disclosed, as a routine uss, to a Federal,

State, or local law enforcement agenay, If the USPTO becomes aware of a violation or
potential violation of law or regulation. '




PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of:
FREEDMAN

Serial No.: 12/948,686
Filed: November 17,2010
Confirmation No.: 4336
Atty. File No.: 50224-00725

For: “USER INTERFACE WITH SCREEN

SPANNING ICON MORPHING”

MAIL STOP MISSING PARTS
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir or Madam:

Group Art Unit: 2628

Examiner: Not Yet Assigned

SUBMISSION OF MISSING PARTS

)
)
)
)
)
)
)
)
)
)
)
)

In response to the Notice to File Missing Parts having a mailing date of December 3, 2010, in

connection with the above-identified application, included herewith please find a Declaration and

payment of fees. It is respectfully petitioned for a grant of an extension of time under 37 C.F.R.

§1.136(a) of one (1) month in which to respond to the Notice to File Missing Parts of Application,

with respect to the above-identified patent application, thereby extending the period for submission

of missing parts from February 3, 2011 to March 3, 2011.

Payment is included in the amount $1,350.00 which includes payment of the filing fee in the

amount of $330.00 reflecting large entity status, $130.00 for payment of the surcharge, $540.00 for the

search fee, $220.00 for the examination fee and $130.00 for payment of the one (1) month extension of

time fee. Please credit any overpayment or debit any underpayment to Deposit Account No. 50-1419.
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A copy of the Notice to File Missing Parts is also enclosed.

Respectfully submitted,

MARSH FISCHMANN & BREYFOGLE LLP

By: _/JON P. DEPPE/
Jon P. Deppe
Registration No. 65,196
8055 E. Tufts Avenue, Suite 450

Denver, CO 80237
Dated: February 10, 2011
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Telephone: 303-486-6311
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Electronic Patent Application Fee Transmittal

Application Number:

12948686

Filing Date:

17-Nov-2010

Title of Invention:

USER INTERFACE WITH SCREEN SPANNING ICON MORPHING

First Named Inventor/Applicant Name:

Eric Freedman

Filer:

Jon Patrick Deppe/Maureen Sileo

Attorney Docket Number:

50224-00725 (CD0009.1)

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Suz—;rs(tsa)l in
Basic Filing:
Utility application filing 1011 1 330 330
Utility Search Fee 1111 1 540 540
Utility Examination Fee 1311 1 220 220
Pages:
Claims:
Miscellaneous-Filing:
Late filing fee for oath or declaration 1051 1 130 130

Petition:
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Description

Fee Code

Quantity

Amount

Sub-Total in

UsD(S$)
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Extension - 1 month with $0 paid 1251 1 130 130
Miscellaneous:
Total in USD ($) 1350
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

AP%@SQON I 35&;:1)NI?AOT€E GIS:\I??T I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
12/9438,686 11/17/2010 2628 1220 50224-00725 17 2
CONFIRMATION NO. 4336
25231 UPDATED FILING RECEIPT
MARSH, FISCHMANN & BREYFOGLE LLP
8055 East Tufts Avernue LA TACCAr TR
uite

Denver, CO 80237
Date Mailed: 02/18/2011

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Eric Freedman, Austin, TX;
Assignment For Published Patent Application
FLEXTRONICS ID, LLC, Broomfield, CO
Power of Attorney: None

Domestic Priority data as claimed by applicant
This appln claims benefit of 61/389,000 10/01/2010
and claims benefit of 61/389,117 10/01/2010
and claims benefit of 61/389,087 10/01/2010

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.
If Required, Foreign Filing License Granted: 12/02/2010

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 12/948,686
Projected Publication Date: 04/05/2012
Non-Publication Request: No

Early Publication Request: No
page 1 of 3
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Title

USER INTERFACE WITH SCREEN SPANNING ICON MORPHING
Preliminary Class

345

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents”) for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as

page 2 of 3
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

page 3 of 3
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 12/948,686
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b}, or (<)) N/A N/A N/A N/A 330
SEARCH FEE
(37 GFR 1.16(K), (i), or (m)) N/A N/A N/A N/A 540
EXAMINATION FEE
(87 CFR 1.16(0), {p), or (q)) N/A N/A N/A N/A 220
TOTAL CLAIMS . *
(37 CFR 1.16(7)) 17 minus 20= OR |« 52 - 0.00
INDEPENDENT CLAIMS - *
(37 CFR 1.16(h) 2 minus 3 = x 220 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $270 ($135 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1090
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
| Total . i I =
= (37 CFCF)E ?.15(1)) Minus = OR |«x =
a Independent * Minus | ** =
E (37 PR 1.16(h) = OR |«x =
<§( Application Size Fee (37 GFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Golumn 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
L Total * Minus ** = =
= (37 OFg ?.Ie(r)) OR |x =
% Independent * Minus | *** = = OR |«x =
w (37 CFR 1.16(h)) B B
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1.16()))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/948,686 11/17/2010 Eric Freedman 50224-00725
CONFIRMATION NO. 4336
25231 PUBLICATION NOTICE

MARSH, FISCHMANN & BREYFOGLE LLP

3055 £ae Tuns Averus T

Suite 450 0000053557047
Denver, CO 80237

IR

Title:USER INTERFACE WITH SCREEN SPANNING ICON MORPHING

Publication No.US-2012-0081278-A1
Publication Date:04/05/2012

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTQO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http:/www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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Electronic Acknowledgement Receipt

EFS ID: 13774570
Application Number: 12948686
International Application Number:
Confirmation Number: 4336

Title of Invention:

USER INTERFACE WITH SCREEN SPANNING ICON MORPHING

First Named Inventor/Applicant Name:

Eric Freedman

Customer Number:

25231

Filer:

Tadd Fjelp Wilson/Amy Duarte

Filer Authorized By:

Tadd Fjelp Wilson

Attorney Docket Number:

50224-00725

Receipt Date: 18-SEP-2012
Filing Date: 17-NOV-2010
Time Stamp: 14:27:23

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B)(tes)/ Multl. 'Pages
Number Message Digest | Part/.zip| (ifappl.)
256532
1 Power of Attorney GEN_POA_Z124_Signed.pdf no 1
475718aee7940ef4218cd5fe741e1495f4b1
abfe
Warnings:

Information:
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. . . 121676
Assignee showing of ownership per 37

2 CFR 3.73(b). 6583-381_373b_Statement.pdf] no 3
<7986d5f234cfdcf24d07ac3ab2966a43528)
ec34
Warnings:
Information:
Total Files Size (in bytes):i 378208

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTONSBB0 (11-08)

Approved for use through 11/30/2011. O3B 0851-0038

U.8. Patent and Trademark Office; U.8. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons sre raquired o respond {0 a collection of information unless it cisplays a valid OMS conirol numbar,

%o

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

)

| harsby revoke all p:‘evicus powers of attormney given in the application identified in the attached statement under
37 OFR 3 73(b)

Practitioners associated with the Customer Number: 22442

{ heraby appoint;

3R
Ej Practitionsr(s) namad below {if mere than ten patent practitioners a1¢ 1o be named, then a customer numbear must He used)

Name Registration
Number

MNama Registration
Nurnber

2¢ attormey(s) or agent(s) to represent the undersigned before the Lnfed Siaes Patent and Tradsmark Office (USPTO) in connaciion With
=iy and 2l patent applications assigned only fo the undersigned acoording {0 the USPTD assignment records or assignment documents
aitachad to this form in accordance with 37 OFR 373}

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3.73(b) to:

@ The address associated with Customer Number: 22442

OR

Firm or
individual Name
Address

City State Zip

Country

Telephone Emai

Assignee Name and Address:

2124
P.O. Box 309GT, Ugland House, South Church St.
Georgetown, Grand Cayman KY14-1104, Cayman islands

A copy of this form, fogether with  statement under 37 CFR 3.73b) Form PTOISEISS or equivalent) is required to be
filed in each application in which this form is used. The statement under 37 CFR 3.73(h} may be complsted by ong of
the practitionsrs appointed in this form if the appointed practitionsr Is suthorized to act on behalf of the assignes,
and must identity the application in which this Powar of Altorney is to be fisd,

SIGNATURE of Assignee of Record
The Edividl}sal whose signature and title is supplied below is authorized to act on behalf of the assignee

rpSuopeneg .ﬁmw Date _2@ nﬁﬁ,&f Zéizw-

Signature ";’ S, £
Iy :

Name Timothy C Sert o Telephone
e Secretary

This colisction of information is reguired by 37 OFR 1.39, 1.32 and 1 3% The formation I8 fequired o obiain of ratain & haneflt by the public which 18 1o fie {and
by the USPTO to process) an apphication. Confidantiality 5 governed by 36 UWS.C. 182 and 57 OFR 1.11 and 144, This collection s estimated o take 3 minuies
fo complete, including gathering, preparing, and submitling the compleled application fomm to the USPTO. Time wil vary depending upon the individua! case. Any
comments on the amount of Ime you require 16 complete this form andior suggestions for reducing this burden, should be seni to the Ciiel Information Officer,
U.8. Patert and Trademark Office, U.S. Brepariment of Commarcs, P.O. Box 1450, Alexandria, V& 223131450, DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, 2.0, Box 1456, Alexandria, VA 233131488,

if you need assislence in compisting the form, call I 8O0-PTO-G19¢ andd selsct option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office;U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act 0f1995, no persons arerequired to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

Applicant/Patent Owner: 2124

Application No./Patent No.: 12/948,686 Filed/Issue Date: November 17,2010

Titteq: USER INTERFACE WITH SCREEN SPANNING ICON MORPHING

Z124 . a Corporation

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|:] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1 From: ERIC FREEDMAN To: FLEXTRONICSID, LLC
The document was recorded in the United States Patent and Trademark Office at
Reel 025787 , Frame 0403 , or for which a copy thereof is attached.
2 From: TLEXTRONICS ID, LLC To: IMERJLLC

The document was recorded in the United States Patent and Trademark Office at
Reel 026107 , Frame 0531 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by37 CFR3.73(b). The information is required toobtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentialityis governed by35 U.S.C. 122and 37 CFR1.11 and1.14. Thiscollection is estimated to take 12 minutes to complete, including
gathering, preparing, and submittingthe completed application form to the USPTO.Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent tothe Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS.SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.

Page 70 of 1192



PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: IMERJLLC To: £124LLC
The document was recorded in the United States Patent and Trademark Office at
Reel 028431 , Frame 0057 , or for which a copy thereof is attached.
4. From: Z£124 LLC To: £124
The document was recorded in the United States Patent and Trademark Office at
Reel 028322 , Frame 0178 , or for which a copy thereof is attached.
5. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

|:| As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Tadd F. Wilson/ September 18, 2012
Signature Date

Tadd F. Wilson 54,544

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that yoube given certain informationin connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, pleasebe advised that: (1) the general authority forthe collection of thisinformation is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and(3) the principal purpose forwhich the
information isused by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent applicationor patent. If you do not furnish the requested information,the U.S. Patent and Trademark
Office may not be able to process and/or examineyour submission,which may result in termination of proceedings
or abandonment of the applicationor expiration of the patent.

The informationprovided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the informationin order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an InternationalApplication filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, arecord may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

A record from thissystem of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

ﬁaﬂ;\;ﬂ;ﬁ,g\&;@ma 22313-1450
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/948,686 11/17/2010 Eric Freedman 50224-00725
CONFIRMATION NO. 4336
22442 POA ACCEPTANCE LETTER
Sheridan Ross PC

1560 Broadway

ORI 0 O
Suite 1200 000000056716716

Denver, CO 80202

Date Mailed: 09/26/2012

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 09/18/2012.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

lagizaw/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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Espacenet - Bibliographic data Page 1 of 2

Espacenet
Bibliographic data: KR100616157 (B1) — 2006-08-28

METHOD AND SYETEM FOR INTERWORKING PLURALITY OF APPLICATIONS

Inventor(s): JEON, YUN HO, ; KIM, EUN AH, ; KIM, SU JIN

Applicant(s):  WIDERTHAN CO., LTD

Classification: - international: GO6F9/06

- European: GOBF2/48C4; GOBF9/54C
Application KR20050002696 20050111
number:

Priority number KR20050002696 20050111

(s):
Also published KR20060081997 (A) WO02006075859 (A1) US$S2008168474 (A1)
as: JP2008527530 (A) JP2008527530 (A) more

Abstract not available for KR100616157 (B1)
Abstract of corresponding document: WO2006075859 (A1)

An application interoperation method
including the steps of: maintaining a handler —,
table including data type information, o
function information and calling information
which are associated with each application .
installed in a portable device, receiving .
input information on a menu key of the

portable device, from a user, while a first

application is active; extracting, in response

to the receipt of the input information, at

least one function information associated

with data type information of data, which is

being processed or requested by the first

application, from the handler table; dynamically generating a menu including the
extracted at least one function information to provide the user with the generated menu;
receiving selection information on particular function information among the provided
menu, from the user; and identifying calling information associated with the selected
particular function information by referring to the handler table and executing a second
application on the basis of the identified calling information.

http://worldwide.espacenet.com/publicationDetails/biblio? CC=KR&NR=100616157B1&... 10/23/2012
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HUES P& o 2 g dE7} vl AAEH 3L, AHEA7F 2% s E *.i‘%“?:}"i’ﬁ AE "—1 o EE]A ol de] 1

d& AHeEg g}

A% Azdez FAEANE A9 2E 4Y0l 2 EL ARFo22 AERE, o FAES EIVAOS A
T 715¢ AEAALENA FEYQA AFHA G WEol7 = s, UTHE FHES UDt 23 9479 Ul
5 23 95 ol H2lg WeHon Beke AL AAY 5 S shell 7150] As] ZAsHA @7 ol

i ol ol E
LR Of

L8 e e 2L S/ 2ARES AE] 8 dad sonA, FlES o] B AFY FAS
Ea

FTglovt e o B0 G o] 88 & ik Fulg T Aol 301, hZel Aol el Tt AA AR T
330 HlolE] S5 2 @ Aol WA Sl Al Eo] wel $4 02 FAHES 5] 27 oI 3] AE
QA AE AEHA BT F UL FOZA U A} AEUAC B FEES DA Sl A& 1 FHoE I
o,

EF, B39 e Fg 9R 312 0o Belshn KEH R AR S AES 5] A8 shtel A SA oMol e
NEAACI Mt dolH Fa worA EFdt] BAY 5 UES 33, B3 RS FelAH 09 @A T g
HME fEe Ao 83t e HEGAN A 2] AAZ SRS GA FAS HBI AN A 2H ol = T}
A e BAE AGT FEANE AT W L 3 A2Ye ATHE AL 2 o= Wk,

9 & GBE Shelld A 715l A0 @A AFAAN A shell 29 A8l AR A 4L IS 9
o, BA ABE AFAANA A 37} $H 0% FAHES she o Fe A A A5 W B 1A 2P AT
tA¢ a8z Bt
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g, 22 53 7l @ HA &, 49 volg e &9 volH Y BY-E LF BASH HolE e AY, 44, 2
HE S 22302 AT ¢ Je dSAlA dF U B I A2HE AT AL 2 54 3.

B, 22y st o ZEACIEE FEAVIA R vtE b & f YA S AP BN 22 GAE E
AHE U E SUANZE F A AEPANE % W E A AARE AT AL 2 HFH o= gt

4719 5H& 2Asta, ded TArIed TAHE AE 7] Aste], & LB dPA Ao BE jEL Al AT W
W Fo8 22 FA o A s = 2z o SelAel A Jdad dolH BY AR, 7|5 AR 4 52 JBE £33 dE
2] Hlo]E(handler table)& FA13t= @A, Al cHZAIA Y 43} FeidllM AHEAZTH 37 Foi8 &F FA 9
wHir7lol thet 48 RS FAshs @A, 271 49 AR s S78te, 471 AL AE Al A A2
DAY 275 = dolE e dolg Bl Aro dad Ho{E she 75 ARE 7] AEY HOlEERH FE= &
A, &7 28 Aoz e 715 AR E Toste vl E FH LR AAGS 27 AR A A sk &, 7] A
SAZRY 7] AN v F 54 715 AR O A ARE pAskE dA, R A7) AEY HolEE FEs] ¥
71 88 54 715 R4 ddd 3F HEE A8, 37] A4¥E 2F JR 7|28 A2 fEAclA e A
t 2AE Lot RS 5A LR o

g

ol
fr of

19 Aol B, 47 488 55 Fuel Jxsted A2 AFAA L Adske 47 WAL, 47 4EE B
of e FANE 484 e S48 48 s|xste] 249 BHPL TYHE BA, D 7] FAY
47) AELA LA Bl ek A2 N Fel A e aAsks BAE Tk, A7) A2 AFelA ] o]
e ANl 4] Aed 54 7% Arol HE A5 Fdeks ¢AS Y e AL 5H02 5= o
ol 4 A% dol Al g et

of,

+

W ox KA m g

B N
N

5

ol

By E gE dAdd ng Aol A Aade Fug o AR o A HE 7 oj Al A
o8 B 48, 715 A8 4 32 JBE ¥t AL HolE-& FAS e HolE FAF, All AlEgA]de]
3 AN AR AZRH 7] Fol S 2= A S w7l i A48 HEE FAIshs Y AR FAR, 37
o Al Sgate], &7 A1l S Al o A IAY 875 = dole o dolH By R dd
Z 3 7T AEE AV ALY HOERYH FE3E 7T AR FE8, 7] &9 oz e v A
@ik dnE T3 o2 WSt A7) AHEA A AT T AR, A7) AMSAZTE 7] AN E H T
54 7% AR g A8 ARE £ A8 AR AR, 2 A7 AEY HolS FE5H A7 ded 54 7S
AR AP9E & ARE dsim, A7) A8d & AR 728t A2 QEF AL AP fZeAold A
PRE 5= AL 5L 0.

M2

o

[ A T

2 ggAE, Folg Bd A2 noh Aelshn BEY 02 AT & RS ] 43 el JEAA oMol g
N Eel Ao 3t Hol B E 73 womA AEse] FAY 5 YES 33, §I hens fEe Ao 2 A Fe 9
TS fEF A 4t e 2T ABGANM 2 AAT ASHES AA FHL AT AN A 2H ol H= w3}
A e g A e B

2 gyl Z fE AL (1) 54 ey HiolHE A st 7w (dolH A 7]%), (2) 54 8] volg s A
sk 7l (HlolE A4 71%), 3) 574 B4 o8 € e Fste= 715 old 2H 71%5) £ st o] 7Ie S
B U, ole e o|H T 7S FHA F HEYANAE & 7 T

()¢} vlelg] A 715 HolHE @279 44 9 A3 AY £= HEHS o8, 249 AHZ dolHE AT
e 7S £t Jid ot dE £, o|v|A] HolHE @27 wjF o2 AFsAY £ 9 M n 2 AFst
59 715l o7 234 g

2 AP AT AHEATE Y] of S AT S AMESEAL & =T, o] AE A AN BT o E ThE fEH
Aol o] &3t AT F & f Al AT Lol AAE.
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@2 Aol 8 4] P& A HOlE S ol ole 7}ol FIE HelE F AHE A shel ddlshg
S 7158 ERIE AGelth oAF Fol, A& FYste] olnAl AAg Mo}m %gg oo &4 g A4
A, B AHATRAA ht 5 259 AAUEE S shelF ADRES 3hi 750l of7]d] £FE 5 3
.

B A AR St B Al A AEHT Y BF, of hFelAcl ol H BL B vlo]e S Tk o
oA o ek AT & Uk NSHANA AF o] AN AT,

39 HolE BE 715 54 B FolHE 4FLE F o)k FAsAY Fol ¥ 54 E}%H HolE & FHsE 7]
T8 EUTE AT, A% ol A7 Aot AALE F 1 AFeldl A Bopel 29 & S Aol o7l

=3 5 v,

2 AN AR S AE Al MG AHEFI Q& B, of fFeIA o AAH AHEFA HolH & THE ) F
oA o §3te] BHPT F SlE NFelAld A% Wgel A4 AT,

fr
fo
e

Frgo] mE of EZ2 Aol dF YHE EAT ZFE]

*

by o] mhE o S Al AT WL 2A 9 cfEEA N AF ALAN AL 5 e, 27 AETA N 4
AR E Fo€ &2 FA Y IAA0S)% H JSA o] dFst] 524 4 Ut

offt rfx
> i

whebA, olstol A 7 BAE S FAZA AFTE NS 9T ALUE A7) 2 wAE fFel Ao M
£ 2AAAT ARY 5 Ak AT S0, B S sAolde] A5 BE F viive] F4E G4, OB Aol 4ol
222 A2 Fole Belg AR AR ool AGehs AT ol 2k Bob A ¥H vnE FAHE A
E 7P aAw, ol 7l5e] edAAG £2E FE 9k Aot

DASLODAA fEA A AT AL 249 A5 HlolE(handler table)& FA 3], 2 2 o] A5
Hol & A& =X el

7] e HolEL Ful8 &d Ao AAHE 7 fE Aol Add oy B AE(20D), 75 BE(202) &
& AH203)F =¥ g

dlol B AR (20D 7] zt dEe Aol dod A A e 7hsstAY A 7hsd dole 9] 48 a9 g #
S AR E X, A& B0 E 24 A AT 2L "image/jpeg", "text/plain", "phonebook/shortkey" F¢ X
A RN

7% AR(202)E 471 2 B A Mol B dolel Elslel el AL > Q= J1%0l B AnE TR, oIS
5o} £ 20 EX T AT BL ol YEo] AT AN, "R WA FEYY]" "EH PR 5 ARE ¥HL 5+ 9
o},

3E AE(203)= A7) 7 AEGANAE 23] A8 BB W(command)d B FRE EFsh=d], 3] dEPL
ofE Al AL, 4 HEA, A2 U3 Holy B #d olF 58 T F 3tk

A% Bol, £ 201 EA% A% TL "eyworld -p %1"s 2& 53 AuE, B NS AR 5 & fFei Al
AR Teyworld'e AN, Toyworld” AEAASI el 2T 5 31 430l 715 F 54 75 st g
A "-p'2 AR, cyworld" A EelF e Ae] AT thd e FolE EE B o) F T Fu AFHE A
= "15} 2ol Ak e,

SASLI0DY] T3S A, 371 74 AESYA AL Aol F8 G FA A Hx= 4Pd W, 37 FoS @2 &

Ao dAE EFAA ] T2 A o] A(APDE o] &3t H o[¥ B9 HR(201)% &4 7|5 FR(202) R TF
AB(203)8 AEY HeolEd 58 5 3ot
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B ols 2Y 47| FolE &F Aol EAE FAA0S)S QAN A
H &3 HE(descriplor) Zdd 234 HolH B4 HR(201), 7|5 FE(202) € &
HolEo] 55 = 3t

Zgo] A7) & Aol A&
IE AR(203)F 9o o] & AEH

B, 471 2 NEYA0I Mol 7] FTlg @B FANA AATE AE, 47 LAAAE 7] A FeIA ) 4
AU PHE 7] BEe clo] B4 A,

2 AN E dolH B gg BAE] 93 e g AHS-H = MIME B9 5 #3-& dlolE e 41R(201)
Z AR oW, ol A HAYE Y8 Ao ZA B AUy A dolE EFY FR(201)E o] £F Wi wEA F3E
A ¢ow, MIME Bt} £7/E 0|53 245 257 Wyo] B%F A€ 5 o

GASL0DA A 37] elEeAold AT AL AL fEA o] &3t Feoll A AMEARRH 7] FUl-8 9
X8 w7 3 g8 ARG A

7] 48 Bre) $400] $gae], RASI03)04 7] NZHANA AF A28 47 AL ) S AI Ao el A
25 7 QI BjolE EE A7) A1 fEel Aol Hol 3 2 FHE HolE e tole] B B} A HolE ke
% ARE 47 AEY Ho BRRE FE 3,

o] A%, RAGIONE 47] 4o shte] 715 PRE TFote J2EE 7] AEY bo| B2 R Rk @AY 5
stk

GASL100)AM 37 AZANE AT N2RL 37 FE9 ol shte] 7]5 ARE = v FHo2 A
A8k, SAS105)AM 471 AHgA Al 7] 53 A9 v g AAET

Ard 2302 21

°l A%, GAS104H)= ﬂﬁl(sw@oﬂ*ﬂ FE29 H2EE A7) Al S Aol A ddg &
A B F29 AL oA wE 4] FEE Jolx e 7%

= BAE T ¢ Ak g GA(SI00E AHE ¥
BRE L8t A7 vFE "3“ e gAY ¢ Aok

GASLOOAA 271 HEGA D EF AL A7 AHEAZREH A7 AAE 7 5 54 75 AR A A9 A
BE AL, GASI07)A 47] B HolEe FE3te] 47 A9d 54 715 FR9 89 & JRE AE

o

WASI08AA 7] S BAACIM AF A2de A7) 48d 32 duo] ¥ o SeAclM A B S8 4
Aol sl 2748 BYBE FH BT 7] AT AUAE ABAAAE AU S St FH22A o
g o, 7] S AL e T Acldo] Bael A& $AR A9ol 2 75 e AR F Ak FHoz
Aol dag a

B, 47 AT Aol A AEAsh A7) §4 AuAe] A Yol L B8 WH 5L FEHE £ 30 E 50 B A
Y BRoA AA s ABE Aol

9A(S109)91A4 &7] AEeA I A5 A=W 37]
Aol di%,

ol

Bl E3hg 371 hEe Aol HE A g5t A2 AE

B 2ge dd g mad, A7) dEdAClA dF ALYRL AEY HolEd S54 oy §Y %HS”]’ 4]

5}‘33}—1- tlo] & & A £ ol Hﬂiﬂ Ags o gl 8 AWE o5 o e} f S Aol dF 715& AT
T Stk ol & 3l A7) el EE Aol AT AL BA 750l BAHSHEAE Bddr] A3 A BHYS @*3?3‘}7]

X‘]°ﬂ A8 715 AAAHE Bdste 249 T ] F5e & WEE e HolEd HA® 5 Sl o] 7

A7 g &= €2 AT ’\Rﬂ‘ﬂ AR Al W7 Bl d v X o] 2AshE £¥ol slernw, 47 2fZ]’—r

EoEE Aol Ay & 48 i = DLL(Dynamic Link Library)ol] 7-#= & 3] vl a3t}

SASLLIOAAM 7] A2 NZ E]ﬂl°]’dL F7] B A-E A8t 37 A8 54 71T AR BE 75& s,
271 A2 fEGA ool 37 715 BF ¢IY B-F, @AGIIDAA 7] hSeANE dF A2 vz 37] Al
2 QS A A AY& FE33, DA(SL12)9 A A 7] AlL el S Aol B3 Fej= 3 AP

_6_
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2+ el mad, GAS101) WA GAISLI2)E T3, FHER 2] 849 d&9 AAE 23 o s o5
AoldE o] 82 7 v Fol @2 AAl oA, hESeA 1A w777t @A AR T2 e dolH Y F7
2 @2 Ao A H o] Qe AFAN L wet TH o= FASES sto] 27 o] EANHE AF 8k A
& =T Foun i AR 9 of ZA Y GEEE A U F Ut

olatol A Sl AE e & 2ol ©h2 fBeiAold A% WS TAN] 9% T Aol Te] AR HES @

£

£ 32 849 dEeAolde] AFsl 54 B9 tolHE AT AN S A er) 9% =T

= 30048 A S A AL DI A AT 5 Qe A5 b G s AEG AN A "camera” N A o]
A& S04 49 AL NFeAol4 o2 B, IPEC B4 02 B A e B HAE A4S A B2
B 5ol A4 £ AT 715E 7 R EE fFelA ol Ee "cyworld” HF Al AL ANA BT A2 of
ge7el 8oz g ae.

"cyworld" SjZ A O] L A o] Fof& T AR o] AAH = AN AT d@ste] R E@10) P A
=Y dolH B4 AR, 75 AL, 35 JRE FIAA(0S)9] dE?] HolEd FFIHS301).

EF, o9 9 47 FE B2 FAo] GAE LFAA ATeAA ) Bel ZEo] cyworld” AEY Al A AR
d D239y o] 3E dols Be A, 7% 3R L 52 ARE 9o] o8 7] AES vl Bo] $2Y FE
S1&-& A AR v} g,

"camera" HE AL AL 89S F AHEAL Wl /71 E FEE A4lo] za & dlolE B 9IQ "image/ipeg"&
HeEd § e 7159 P2EE FIAAZ 2481 1(S302), TFAAE 2B 532007 22 FE2 3= FLE
£ "camera" o Z & Aol Aol A AEIHS303). T3, "camera" NEF AL A7 AAEE v yo] BHOoE F715}
3 AR A A A ZHTHS304).

AHERAZE 715 ol A 02 AYE v F el Aol A AA"E A, "camera” N FeI A HE BFE A
Qg GA ol A48 7] G4 L9 05 "eyworld” AFL AN Ml At A, WG Hol ¥ 55 4
wol "%1"E HAY FEE 7] 4N Hee olFo7 PATe] Tt e FHAE AR

o2 A E BH AL o] &3 "cyworld" e EE Ao o] AAHH, "cyworld" NS Aol AL FA AHE A} "-pe}
7] AAl Fd e o] & 125, AHERLe] F71 4 F Glol= ulE 98 A S 29 AW E AS3e 7S 43
3, 1 7% il ¢ud A F vz F83HS305). o] o, "cyworld" HE Aol AL AHEAIE B E A gl g
FAWE F F7 HARE I ES & FE 9o, "cyworld" NEGA oMol FEHEH S FAAE thA] "camera" of
ZE Ao g ST

o] oA A5 gk vk} o], B Ao mp=d, AR Y E dEE 54 715 AR} o|n A HolH & A%t 7T

2 Bl 3lolA, AEe Aol A5 AL AL fEA A 28] A2H 1 & olwA] HolE & JA Tl A

o, cfEe Al AEAl A AEA R A L o] F& T WYY TS 7 Aok B, A2 f=A
oldL AV NEE 5% 75 AR WE JTE s dojM, A7 SA A2 R Y] A 4] o] & 145}
of A7) olm A HelHE 249 A2 AFse 7eS 738 & Ut

olalA e AHEAZRE AUH 54 7% A7l UAE HolHE Adae 7% B4 FAY F Y AA ] o)
o Ay e
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AHEAT ALY FOE BT FA LAY WAP BASAGL AFLANDAA 545 Beph FHE 7271 glo]
o g S B2 2E R S 9l Q1A, 37] AHEATE 37 B AAA A1 E BRE W 4]
BEHAE "text/plain’ FL ] HOlEIE AelE F i AFeAAHY B AEE SIAARTE Aol A E T
o= Rste] 4] AgAN A AN B,

W 7] AR} 3719k Bol BHOR AN E v 3 ol UEo] F2e/"S HusE, 4r] nekSAL @A Ho|
8 Ng-& YAER W] ‘cyworld' NES Al (A2 AFelA o] ol AT, o Aol glo] B2 THe}
2ol #4949 4 9k

olrl A HolEls e o] 9 GAE ol S BEe] Gdo] AFsA g Ame) Wulol = 8-S ke A
F 93, olo] wek reyworld” ET A M e AVLE YAE HloHE AT FAT F YES @ F vk g7
g2az A5

ol dol M A g wie} o], ¥ AA A mp=d, AHEAZYH A8 54 7|5 ARV} AE HolHE dEshE= 7w
A Aol SlolA, clEe Aol A& AABL AL fE Aol el o) AH T gle HolHE YLE HoHE ¥
sk, o SE Al AEat, 4 AEA R HXE do|HE THE HH A 7S F ok £, A2 fESF A
<37 & AEA R A7) AE o HE 148t Z7] 9AE HolHE &% MHE dFdte Ve FAE

Aot

olsol At AR Ad¥ 54 7% Ausk 249 A4S AN 1% 9ol FED F A AA dol
EERER R

ALgR A A AHEA B7E A9 FH ol Aol e g FAHATE WE& TIHE SMSE RS4RI, AHEA AV}
A48 Fo 4 ARl A SMSE 9T %71 & FEo,

"SMS" e ZZ Al (A1 A ZE A 1)L AA AHEAL Aol Al AAF 1 & dlo]El 7} SMS2] Y& (HAE )T} a1l (A
3} F)o] B2, "text/plain"#} "phonebook/shortkey" Bt 9] HlolE Z4z4& A& dd 5 e fZAolH J2EE &9
AA 2R Ao} st v E B8] AFgA Ad A A A )

T ARERF AVF A7) Wl e WESNE JEshE "SMS" e EE Ao AL A AAEHIZ YE SMS HRE o] %
3ted "cyworld" Sl EE A o] (A2 S ZE Aol )& AAA 717 A8 B P& b3} 2ol +AT +

7] B Yol mhet 29 Aol &3, olFH AsHE Frd o) F45(SMSE A

"cyworld" e Z&] Ao] AL A
A B HolAE Adstx, 2L g& RoE),

$% A48 Bl o Bol

ol gl A A Hks} o], B AA ] =, ALSARRE AGE 54 715 Aot 249 Ao AE AN 7]
2 Aol sloiA, ABe Al A AF A2 E AL A Ze Aol Mol 2|3 A2l = 3 A HelE s Ao B Hu
A, B8 A8, §4 84 L BUA B E TPE G AL P S Aok £, A2 AFelA
e 47l §4 4EA L 47 BUA ARG A3l 47 WA RS} AUE Yool AF ANFHE 7 5E FIF
] r;'.'

et ol

=

4% B9 FeA Mol AFeto] 54 Bhgdel HolHT A AN S AP3] A mwolTh

f

2 AA do] wE dlo[e el 9, bd AAldo] whE dlo[¥] A2 el 7-f-2 2 vo|H & AL of sf= | S Al
AL sfE& ATl HA AW Q= A3 b E AEHANAAZ A& Al A) S AAste] L= o]
HE 47 €
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AHEA7Y "cyworld" Al EF Al AF L AEZ AN ) WA 531 A3 =50 AR S £ AESHIR} 5k 4,
7 AR W71 E B AR 871" 71%S A EEHE, "cyworld" ol E 8] Aol AL I AA(0S)E "image/jpeg"
golg & AT = &= 7159 2E2EE 233513(5401), A7 FAAE =0 REA10)7 2L FES L5 F&
EE "cyworld" S| ZE Ao Ao R AL THS402).

"eyworld' HEAA I E 7] AXELRH vl E FH 02 WY shol 47] AHGAAA AT, W 3] AHgA
AP 7] W38 A S Tcamera” B A AAZ AFLAA )& AAA717] A% BHBE Thh dol FAY
+ 9.

"camera" o} Z&] A o] H & ALH L Ho A 7] AAY "tmp_file"o] gt 0] 2 2] vt 2 AAEH(S403). E &, "camera" of
ZdgAcl o] TEHEA A "cyworld" A EF Aol Ao] BAFH I, "cyworld" NEFA )AL "tmp_file"ZHE AR
< 9¢] o5 &9 YA W TAEZT

ol ol A & uhs} o, ¥ A olo] W=, A AZYE Hde 5

S oA, A BeANA AF A ARE AL A4S A Mol o8} & THE HolEs} A%E 94 N o] g g AH

s, o Fel Aol d A}, §4 A L YA HUY o] B THHE FYYL THY F U EF, A2 HEGA ]
Ae A7) 4 A L 7] 94 FLY o] BE A, 7] 8T E HelHE A 4] A HA o] g
= AR A5 e FAS 5 Ak

9 54 7% 3/t dol8 g g eske /159 4
i<

T, 2 A A fFe Al AT ALRE A7 A2 Al 4BE TR A7) AL cf = A
43t AE= BT, 7] Al NS AN L 7] YA 2R 7] A delHE glo] &4 9 Anjd ==

e 7les 7T ¢ Y.

E 5% B9 fEeAcldol dFdte] 54 Byl dlole & AeF e AN dE APl A A5 dolEe] I
& =AY =dolrh

£ 59 EATE A3 o], & HAldd w2 AEF HlolEdE fET Aol A4 HolH B ARGODEA ¢H
Holg g4t &9 dolg B§d& A Zledezy ol 48 7e& BAE 5 it

A7\ AHEAT ARG HE F A Zoke] FHE RN A8E 53, TA AIE 2718 2 3] AT A
MMSE A%3t174 s A8 et & AAde 45,

AA A& 3 "photoframe” W EHAIAHA 7] WA S A& "resize” WEFA ]9 oy &Y A L(S0D), 7%
AR A TEF FBE E 59 EAE AF Zo] A5 HolE T5H Utk

AE Bk sk AW S ACIAGAL AZEA I AHEATE AL g A8 § vwr & r2d, A7
A HEA )AL LIANAZRE 4F vlold BT =4 HolE Bty o] EF "image/ipeg" BIUQ 7158 JAEE

Aol "Axr B, A7) M"Y o] TE vTE TR WSt 7] AR A A A A g

T, A7 AR AR gFHNE AEEE Y] AR o EE AL A AdE A Y 5 o] E-& AEHslo A HA
argument (%1)E A G383, YA FL9 o]F& At F HA argument (%2)ZE AR st BHAE 74513, 7]
3 % 8o wkg} "photoframe” o Z&] A o] A (A2 o Z] Al o] A)o] APH ),

"photoframe” S Z & 701 AL B1 2 AAH AN glo] 7)o AR} T Fg F7138 & %22 AAE AU 2 AHE
AR 5 Mg Fa3

oAl @443 FE) 7 E 7] S S Aol AL o2 HEFE Hd-& A7 AHERN A AA B, 7] AFE-AE A
wHH771E Y "USt FE" V)5S AYsta, o whet &G A8 fE A ] H(A2 NEE A H)o] HF o] &4

HARE A2 YHE FYS JRERT gk SA S AUste] A5HE FEE F, APL FRAT of7)4, 37| A5} S
GAclAe A8 AL & 3o o) A BRoIA APH w7 FUREe FREE Age Az .

_9_

Page 84 of 1192



$=573] 10-0616157

OA &3 FEZE | 27 AWl S AN &7 AREATE A vl Tl E r2a "] i e Agehd, fldA
A ¥ "pholoframe" W E A& HAst= LA I TAT WA & T3 "resize" WELANAAZ HE Al d)e]

A o] 47| AHEATE AAsE 712 AR 2718 vk ARetn 2 S TR, oA 843 7t € 2]

a4 of Sl Aol o] ol FA BEFE A& deste] A7) AgA e Al A A Gk

B, A7 ARAZE A W7 S 28 "MMSE AS"S A9ehd 24 MMS AF AE AN A(AZ S A o)
ol Ao JTA &7 e FE A& ASstn 2 ABL FaFT

ol gl A uket o], & AAd WEE, ARGAZEH d8E 54 75 BRI o8 E BHI = 75U 7
Sl lolA, el S Al AT AR AL ASA Al o3 A2 gl dolH Y A o|F& A¥stx, & 3
el Al e o] F& AAs, S Al AL AEE 3 o] F R GAl ALY ol F& EHeE HHBE T
A ok B3, A2 fEF AL F7] AEE A olF R 27| GA T o]FE A sk, A7) AEd A
olF& ¢lol 47| diolHE BHIT F 37 AHH A o[ S 47] Al A o|FLE A= Te & L

k.

A7, B AA ol RFGA ol GF A LWL 37 A2 ABAN 0| A9 A FEST B9 AL NEGAel A B
Aot Ae AAsE, 3] AL hZelAl AL 37 94 FA2¥E 47] DeE doEE o] taZdolse ]
SRS B

ojg} Zo] & Ao wEH, 53 7w FAHA FiL, 4F dolEt &9 HolHY BYS BF BAIste] tojE e A
JAA, 2 g S B3 E AT 5 e S dF W # 2 A xRl AFE

i)

drgo] i fEY el AT WYL IS AHE DS T FYL F J= Z2IR B FUE FEH

sl gag, 22y A3 9 27] Hol=e} 22 27| v A (magnetic media), CD-ROM, DVD$} 22 37| & v A
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METHOD AND SYSTEM FOR INTERWORKING PLURALITY OF
APPLICATIONS

Technical Field
The present invention relates to a method and system for interoperation of a
plurality of applications by a dynamically generated menu in an application utilized in a

portable device.

Background Art
A browser for the wireless Internet (e.g., Wireless Application Protocol (WAP)

browser), or an application embodying a particular function (application program) is
generally utilized to use various functions in a portable device. The application is
divided into two types of applications. One is an application which is installed in a
portable device during manufacturing thereof (hereinafter, referred to as "embedded
application”). The other is an application which is downloaded and installed by a
method such as the Internet while the application is being used (hereinafter, referred to
as "download application").

In the case of the embedded application, it is possible to know what type of
application is installed, at a point in time when the application is installed in a portable
device. Accordingly, the application may be manufactured to call another application
as necessary. As an example, while a phone book application installed in a portable
device is active, a user selects one telephone number and presses a menu key. Then, a
menu capable of transmitting a short messaging service (SMS) to the selected telephone
number may be provided to the user.

However, new services for mobile phones are being continuously released.
Also, many services utilize a download application. In the case of a download
application which is downloaded and installed after a mobile phone has been released, it
is not possible to forecast interoperability of an application in the released mobile phone.
Accordingly, interoperation between applications as described above is impossible.

A Graphic User Interface (GUT) operating system of a desktop computer, such
as a personal computer, has provided various methods enabling an efficient

interoperation between various applications. (1) A copy & paste method via a
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clipboard, (2) a share method via a file, and (3) a method of using a shell are
representative examples.

In the case of the method (1), if a user selects and copies a portion of data or
selects and copies all data while one application is active, the selected data is copied to a
clipboard area of an operating system. After this, when pasting to another application,
data of the clipboard is inserted into the other application. ~Accordingly, the user does
not need to input data separately.

In the case of the method (2), if data is stored in a file system in one application,
the stored data may be read by another application. In this instance, an extension of a
file name may be utilized as a representative method for determining a data type which
can be processed in another application.

In the case of the method (3), a shell which is a program operating with a GUI
at all times is utilized. As an example, if an application is installed in currently widely
used Microsoft Windows and the application is registered as a handler with respect to a
data file having a particular extension, a menu is displayed when a user selects the file
having the particular extension via a file search and presses a right button of a mouse.
In this instance, the handler of the data file is included in the menu. The user selects
one file in the menu and a handler application processes the selected file.

The methods as described above have been limitedly utilized in a mobile phone.
This is because the operating system of the mobile phone has not generally provided a
corresponding function for applications. Also, a user interface of the mobile phone is
mainly for tasks and has almost no shell functions which can generally browse or

process data files.

Disclosure of Invention
Technical Goals

The present invention is conceived to solve the aforementioned problems in the

conventional art. The present invention provides an application interoperation method
and system, which can dynamically generate a menu of an application according to a
type of data that a user is currently using and an application installed in a terminal
device, in a portable device having a limited input/output device but capable of utilizing

various applications, thereby enabling interoperation of at least two applications. This
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is to improve efficiency of the terminal device and the application.

The present invention also provides an application interoperation method and
system which enables one application to interoperate with another application when
transmitting/receiving data, and also adopts a method of not hard-coding an association
method in a logic of an application. This is to enable an association between
download applications or an association between an embedded application and a
download application. Also, this is to help a user to more easily and effectively utilize
a portable device.

The present invention also provides an application interoperation method and
system which can dynamically generate a menu of a currently active application, with
respect to a portable device having almost no function corresponding to a shell or
having difficulty of switching between an application and a shell.

The present invention also provides an application interoperation method and
system which is not limited to a particular function, and can process, generate and
refined data by including both input data and output data types.

The present invention also provides an application interoperation method and
system which can reduce user manipulation by directly executing another application,
while not terminating one application and also can increase efficient utilization of an

application.

Technical solutions

To achieve the above objectives and solve the aforementioned problems in the
conventional art, according to an aspect of the present invention, there is provided an
application interoperation method, including the steps of: maintaining a handler table
including data type information, function information and calling information which are
associated with each application installed in a portable device; receiving input
information on a menu key of the portable device, from a user, while a first application
is active; extracting, in response to the receipt of the input information, at least one
function information associated with data type information of data, which is being
processed or requested by the first application, from the handler table; dynamically
generating a menu including the extracted at least one function information to provide

the user with the generated menu; receiving selection information on particular function
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information among the provided menu, from the user; and identifying calling
information associated with the selected particular function information by referring to
the handler table and executing a second application on the basis of the identified
calling information.

According to another aspect of the present invention, the executing of the
second application further includes the steps of:  generating a predetermined command
on the basis of an application identifier or an option identifier included in the identified
calling information; and executing a second application corresponding to the application
identifier included in the command, and the method further includes the step of the
second application recognizing the command and performing a function according to
the selected particular function information.

According to still another aspect of the present invention, there is provided an
application interoperation system including: a table maintenance unit maintaining a
handler table including data type information, function information and calling
information which are associated with each application installed in a portable device; an
input information receiving unit receiving input information on a menu key of the
portable device, from a user, while a first application is active; a function information
extraction unit extracting at least one function information associated with data type
information of data, which is being processed or requested by the first application, from
the handler table, in response to the receipt of the input information; a menu providing
unit dynamically generating a menu including the extracted at least one function
information and providing the user with the generated menu; a selection information
receiving unit receiving selection information on particular function information among
the provided menu, from the user; and an application execution unit identifying calling
information associated with the selected particular function information by referring to
the handler table and executing a second application on the basis of the identified

calling information.

Brief Description of Drawings

FIG. 1 is a flowchart illustrating an application interoperation method according
to an embodiment of the present invention;

FIG. 2 is a diagram illustrating an example of a handler table according to an



WO 2006/075859 PCT/KR2006/000093

10

20

30

Page 101 of 1192

embodiment of the present invention;

FIG. 3 is a diagram illustrating interoperation of a plurality of applications
processing a particular type of data according to an embodiment of the present
invention;

FIG. 4 is a diagram illustrating interoperation of a plurality of applications
generating a particular type of data according to an embodiment of the present
invention;

FIG. 5 is a diagram illustrating a handler table for explaining interoperation of a
plurality of applications filtering a particular type of data according to an embodiment
of the present invention; and

FIG. 6 is a block diagram illustrating a configuration of an application

interoperation system according to an embodiment of the present invention.

Best Mode for Carrying Out the Invention

To more easily and effectively utilize a portable device, the present invention
enables data to be transmitted/received between one application and another application.
Namely, the present invention enables interoperation therebeween. Also, the present
invention adopts a method of not hard-coding an association method in a logic of an
application. This is to enable an association between download applications or an
association between an embedded application and a download application.

In the present invention, each application may perform at least one function of:
1) processing a particular type of data (data processing function), 2) generating a
particular type of data (data generating function), and 3) filtering a particular type of
data (data filtering function). Also, an application may not perform any function
described above.

1) The data processing function includes a function of storing data in a certain
area of a terminal or transmitting data to a predetermined server via a network. As an
example, the data processing function may include a function of storing image data as a
background screen of a terminal or a function of transmitting image data to a
predetermined web server.

In the present invention, an application interoperation method is provided

which can process generated data in one application by using another application, while
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a user utilizes the one application.

2) The data generating function includes a function of generating new data or
enabling a user to select a portion of existing data. An a example, the data generating
function may include a function of taking a picture and generating an image file, or a
function of recording a voice and generating a voice file, or a function of enabling a
user to select one or two telephone numbers from a phone book.

In the present invention, an application interoperation method is provided,
which can generate necessary data in one application by using another application,
while a user utilizes the one application.

3) The data filtering function includes a function of receiving a particular type
of data and subsequently outputting the same or a different type of data. As an
example, the data filtering function may include a function of receiving photo data and
adding a frame to the framework of the photo data.

In the present invention, an application interoperation method is provided,
which can refined data being utilized in one application by using another application,
while a user utilizes the one application.

FIG. 1 is a flowchart illustrating an application interoperation method according
to an embodiment of the present invention.

The application interoperation method according to the present embodiment
may be performed in a predetermined application interoperation system. In this
instance, an operating system of a portable device and a plurality of applications may
interoperate in the application interoperation system.

Accordingly, hereinafter, an application interoperation system referred to as a
subject performing each step may designate an application or an operation for the each
step. As an example, to generate a dynamic menu according to interoperation of a
plurality of applications, an application may transmit its data type to an operating
system, directly receive a handler table value corresponding to the data type, and
generate the dynamic menu. However, the aforementioned function may be included
in the operating system.

In step S101, the application interoperation system maintains a predetermined
handler table. FIG. 2 illustrates an example of the handler table. Referring to FIG. 2,

the handler table includes data type information 201, function information 202 and
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calling information 203 which are associated with each application installed in a
portable device.

The data type information 201 includes information on input and output types
of data which can be processed or generated in the each application. As an example,
the data type information 201 may include information, such as "image/jpeg",
"text/plain”, "phonebook/shortkey", etc., as illustrated in FIG. 2.

The function information 202 includes information on a function that the each
application may perform with respect to a particular data type. As an example, the
function information 202 may include information, such as "post a picture to cyworld",
"write a memo in cyworld", "visit a homepage", etc., as illustrated in FIG. 2.

The calling information 203 includes information on a command for calling the
each application. The command may include an application identifier, an option
identifier, target data or a file name, and the like.

As an example, as illustrated in FIG. 2, in calling information such as "cyworld
-p %1", "cyworld" is designated as an application identifier capable of identifying an
application, "-p" as an option identifier capable of identifying a particular function from
a plurality of functions of a "cyworld" application, and "%1" as a location of
information such as a file name or target data which the "cyworld" application has to
process.

For the maintaining of the handler table (step S101), when the each application
is initially executed in a portable device, the each application may register the data type
information 201, the function information 202 and the calling information 203 in the
handler table using an application programming interface (API) of an operating system
installed in the portable device.

Also, an application management module of the operating system installed in
the portable device may read the data type information 201, the function information
202 and the calling information 203 included in a descriptor file associated with the
each application and, and register the same in the handler table.

When the each application is uninstalled from the portable device, the operating
system deletes an item associated with the uninstalled application, from the handler
table.

In the present specification, a Multipurpose Internet Mail Extensions (MIME)
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type classification method, which is widely used in the Internet, is utilized as the data
type information 201 to specify a data type, but this is only for convenience of
description. The data type information 201 is not limited thereto and any type of
classification method may be utilized in the present invention.

In step S102, while a first application is active, the application interoperation
system receives input information on a menu key of the portable device, from a user.

In step S103, in response to the receipt of the input information, the application
interoperation system extracts at least one function information associated with data
type information of data which is being processed or requested by the first application,
from the handler table.

In this case, step S103 may be a step of extracting a list including the at least
one function information from the handler table.

In step S104, the application interoperation system dynamically generates a
menu including the extracted at least one function information. In step S105, the
application interoperation system provides the user with the dynamically generated
menu.

In this case, step S104 may further include a step of dynamically adding the
extracted list to a basic menu associated with the first application. Also, step S104
may be a step of arranging the extracted at least one function information according to a
frequency of use and a most recently used order, and providing the user with the
generated menu.

In step S106, the application interoperation system receives selection
information on particular function information in the provided menu, from the user. In
step S107, the application interoperation system identifies calling information
associated with the selected particular function information by referring to the handler
table.

In step S108, the application interoperation system generates a predetermined
command on the basis of the application identifier or the option identifier which is
included in the identified calling information. The application identifier functions to
identify an application. The option identifier functions to identify each function, when
one application performs a plurality of functions.

An exemplary type and a utilization method of the application identifier and the
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option identifier will be described later in detail with reference to FIGS. 3 to 5.

In step S109, the application interoperation system executes a second
application corresponding to the application identifier included in the command.

According to an embodiment of the present invention, although data is identical
to data type information registered in the handler table, the application interoperation
system may limit an application interoperation function according to detailed properties
of data or whether paid contents whose distribution is limited exists. For this, to
determine whether a particular function is active, the application interoperation system
may specify a predetermined function and a method of calling the function in the
handler table. In this instance, the function determines an appropriateness of an
execution function before executing an actual command. In this case, if it takes a long
time to call the function, a menu to be displayed to a user may be delayed also.
Accordingly, the function may be embodied in a dynamic link library (DLL) separate
from the present execution file of an application.

In step S110, the second application recognizes the command and performs a
function according to the selected particular function information. When the second
application finishes the function, the application interoperation system immediately
terminates the second application in step S111, and activates the first application in step
S112.

According to the present invention, in steps S101 to S112, in a portable device
having a limited input/output device but capable of using various applications, such as a
mobile phone, a menu of an application may be dynamically generated according to the
application installed in a terminal device and a type of data that a user is currently using.
Through this configuration, interoperation of at least two applications is possible.
Namely, it is possible to increase utilization of the terminal device and the application.

Hereinafter, various embodiments for embodying the above-described
application interoperation method according to the present invention will be described.

FIG. 3 is a diagram illustrating interoperation of a plurality of applications
processing a particular type of data according to an embodiment of the present invention.

In FIG. 3, it is assumed that the above-described first application is a "camera"
application which is an embedded application having a function of taking a picture or

selecting a picture in an album. Also, in FIG. 3, it is assumed that the above-described
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second application is a "cyworld" application which is a download application having a
function of transmitting a JPEG image file or a text message to its blog or homepage.

The "cyworld" application' registers input/output data type information, function
information and calling information in a handler table of an operating system, in a point
in time when the "cyworld" application is registered in a portable device (S301).

Also, an application management module of the operating system installed in
the portable device may read data type information, function information and calling
information included in a descriptor file associated with the "cyworld" application, and
register the same in the handler table, as described above.

When a user takes a picture and presses a menu key, the "camera" application
requests the operating system for a list of functions capable of processing "image/jpeg"
which is a data type included in the "camera" application (S302). The operating
system transmits a list including items 320 to the "camera" application (8303). Also,
the "camera" application dynamically adds the list to a menu and provides the user with
the dynamically generated menu.

When the user selects "post a picture to cyworld" in the dynamically generated
menu, the "camera" application stores the picture in a temporary file. Also, to transmit
a name of the temporary file to the "cyworld" application, the "camera" application
replaces the name of the temporary file with a portion in which "%1" is specified in call
information of the handler table, and generates a command below,

cyword -p tmp_file name

The "cyworld" application is executed by using the generated command. Also,

the "cyworld" application recognizes the option identifier "-p" and the name of the
temporary file, executes a function of transmitting the taken picture to a predetermined
server without a user's input. The "cyworld" application is terminated immediately
after finishing the function (S305). In this instance, the "cyworld" application may
enable a user to input additional information such as a comment on the picture. When
the "cyworld" application is terminated, the operating system activates the "camera”
application again.

As described above, according to the present embodiment, when particular
function information selected by a user is a function of transmitting image data, the

application interoperation system may store image data, which is being processed by the



WO 2006/075859 PCT/KR2006/000093

10

15

20

25

30

Page 107 of 1192

11

first application, in a temporary file, and generate a command including an application
identifier, an option identifier, and a name of the temporary file. Also, when
performing the function according to the selected particular function information, the
second application may recognize the option identifier and the name of the temporary
file and transmit the image data to a predetermined server.

Hereinafter, an embodiment which may be embodied when particular function
information selected by a user is a function of transmitting text data will be described.

When a user finds interesting news while watching news via a WAP browser
(first application) installed in his/her portable device and wants to upload the interesting
news to his/her blog, the user presses a menu key in the WAP browser.  In this case, the
WAP browser receives a list of applications capable of processing data in the type of
"text/plain" from an operating system, dynamically generates a menu and provides the
user with the dynamically generated menu.

1

If the user selects "write a memo in cyworld" in the dynamically generated
menu, the WAP browser converts the memo of a current page into text and transmits the
same to the "cyworld" application (second application). In this case, a command may
be generated below.

cyword -t "making a living for years with a nail in its forehead..."

In this case, unlike image data, the memo stored in a memory buffer does not
need to be stored in a separate file and may be immediately transmitted. Accordingly,
the "cyworld" application enables a user to modify the stored text data and transmits the
same to the user's blog.

As described above, according to the present embodiment, when particular
function information selected by a user is a function of transmitting text data, the
application interoperation system may convert data, which is being processed by the
first application, into text data, and generate a command including an application
identifier, an option identifier and text data. Also, the second application may
recognize the option identifier and the text image, and transmit the text data to a
predetermined server.

Hereinafter, an embodiment which may be embodied when particular function

information selected by a user is a function of providing a predetermined webpage will

be described.
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A user B transmits an SMS to a user A, and the user A presses a menu key with
regard to reading the SMS via his/her portable device. In this instance, the SMS
includes a text that the user B has added a new text in his/her homepage.

Currently provided data to the user A includes the text of the SMS and a caller
(telephone number). Accordingly, an "SMS" application (first application) receives a
list of applications capable of processing data in the type of "text/plain" and
"phonebook/shortkey", from an operating system, collects the same into one menu and
provides the user A with the menu.

When the user A selects "visit a homepage" in the menu, the "SMS" application
may generate a command for executing the "cyworld" application (second application)
by using currently provided SMS information. The command is generated below.

cyworld -h "honggildong/TEL:TYPE=mobile:0115555555"

The "cyworld" application accesses a predetermined server according to the
command, identifies a blog page of honggildong (a name of the user B transmitting the
SMS), and displays the text.

As described above, according to the present embodiment, when particular
function information selected by a user is a function of providing a predetermined
webpage, the application interoperation system may identify caller information
associated with data which is being processed by the first application, and generate a
command including an application identifier, an option identifier and caller information.
Also, the second application may recognize the option identifier and the caller
information and provide a webpage associated with the caller information.

FIG. 4 is a diagram illustrating interoperation of a plurality of applications
generating a particular type of data according to an embodiment of the present invention.

When generating data according to the present embodiment, another application
(second application) is executed in a situation that an application (first application) to
use data is initially being executed, and data is obtained. This is different from the
data processing according to the above-described embodiment.

When a user initially activates a "cyworld" application (first application) and
wants to post a picture while using the "cyworld" application, the user presses a menu
key and selects a function, "post a picture". In this case, the "cyworld" application

requests an operating system for a list of functions capable of generating "image/jpeg"
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data (S401). The operating system transmits the list including items 410, to the
"cyworld" application (S402).

The "cyworld" application dynamically generates a menu from the list and
provides the user with the dynamically generated menu. If the user selects "take a
picture" in the dynamically generated menu, the "cyworld" application may generate a
command for executing a "camera" application (second application). The command
may be generated below.

camera -s tmp_file

The "camera" application takes a picture and stores the same in a file having the
designated name, "tmp_file" (S403). Also, when the "camera" application is
terminated, the "cyworld" application is reactivated. The "cyworld" application reads
the picture from "tmp_file" and posts the same to a predetermined web server.

As described above, according to the present embodiment, when particular
function information is a function of uploading data, the application interoperation
system may designate a name of a temporary file to store data requested by the first
application and generate a command including an application identifier, an option
identifier and the name of the temporary file. Also, the second application may
recognize the option identifier and the name of the temporary file, generate the
requested data, and store the same as the name of the temporary file.

In the present embodiment, the application interoperation system terminates the
second application and activates the first application. The first application may read
the generated data from the temporary file and upload the same to a predetermined
server.

FIG. 5 is a diagram illustrating a handler table for explaining interoperation of a
plurality of application filtering a particular type of data according to an embodiment of
the present invention.

As illustrated in FIG. 5, in the handler table according to the present
embodiment, an application simultaneously includes an input data type and an output
data type as its data type information 501. In this instance, a data filtering function
may be specified.

With the assumptions that a user takes a picture, decorates the picture using a

frame and prints the framed picture, and also reduces the size of the picture, and
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transmits the picture to a friend in an MMS, the present embodiment will be described.

As illustrated in FIG. 5, data type information 501 of a "photoframe”
application for decorating a frame and a "resize" application for changing a size,
function information and calling information are registered in the handler table.

When a user selects one picture in an album application (first application) while
viewing a picture and presses a menu key, the album application receives a list of
functions whose input data type and output data type are in the type of "image/jpeg",
from an operating system. Also, the album application dynamically generates a menu
including items of "frame effect" and "size change", and provides the user with the
dynamically generated menu.

If the user selects "frame effect", the album application identifies a file name of
the currently selected picture and designates the file name as argument (%1). Also, the
album application generates a command for generating a name of a temporary file and
designating the name as argument (%2). According to the command, a "photoframe”
application (second application) is executed.

The "photoframe" application reads the picture designated as %1, adds a frame
thereto, and stores the results in the file designated as %2. After this, the "photoframe"
application is terminated.

The album application is activated again and provides the user with the filtered
file as above. In this instance, the user presses a menu key and selects a function,
"print".  According to the selection, a predetermined print application (second
application) is executed, uploads a newly generated file to a predetermined server, and
selects a print option.  After this, the print application is terminated. In this instance,
a method of executing the print application will be the same as in FIG. 3. Accordingly,
repeating description related thereto will be omitted herein.

In the reactivated album application, if the user presses a menu key and selects
"size change", the "resize" application (second application) is executed in the same
method as the method of executing the "photoframe" application. The "resize"
application changes the size of the picture into the size designated by the user and stores
the changed size. After this, the "resize" application is terminated. The album
application is reactivated, selects the filtered picture and provides the user with the

filtered picture.
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Also, if the user presses a menu key and selects "transmit MMS", a
predetermined MMS transmission application (second application) is executed. The
MMS transmission application transmits the filtered picture to a friend and is terminated.

As described above, according to the present embodiment, when particular
function information selected by a user is a function of filtering data, the application
interoperation system may identify a file name of data being processed by the first
application and designate a name of another temporary file. Also, the application
interoperation system may generate a command including an application identifier, the
identified file name and the name of the temporary file. Also, the second application
may recognize the identified file name and the name of the temporary file, read the
identified file name, filter the data, and store the filtered data as the name of the
temporary file.

In the present embodiment, the application interoperation system terminates the
second application and activates the first application. Also, the first application may
read and display the filtered data from the temporary file.

According to the present invention, there is provided an application
interoperation method and system which is not limited to a particular function, and can
include input data and output data types, thereby processing, generating and filtering
data.

The embodiments of the present invention include computer readable media
including program instructions to implement various operations embodied by a
computer. The media may also include, alone or in combination with the program
instructions, data files, data structures, tables, and the like. The media and program
instructions may be those specially designed and constructed for the purposes of the
present invention, or they may be of the kind well known and available to those having
skill in the computer software arts. Examples of computer-readable media include
magnetic media such as hard disks, floppy disks, and magnetic tape; optical media such
as CD ROM disks; magneto-optical media such as floptical disks; and hardware devices
that are specially configured to store and perform program instructions, such as read-
only memory devices (ROM) and random access memory (RAM). The media may
also be a transmission medium such as optical or metallic lines, wave guides, etc.

including a carrier wave transmitting signals specifying the program instructions, data



WO 2006/075859 PCT/KR2006/000093

wa

10

15

20

25

30

Page 112 of 1192

16

structures, etc. Examples of program instructions include both machine code, such as
produced by a compiler, and files containing higher level code that may be executed by
the computer using an interpreter.

Hereinafter, an application interoperation system according to another
embodiment will be described.

FIG. 6 is a block diagram illustrating a configuration of the application
interoperation system according to the present embodiment.

As illustrated in FIG. 6, an application interoperation system 600 according to
the present embodiment includes a table maintenance unit 601, an input information
receiving unit 602, a function information extraction unit 603, a menu providing unit
604, a selection information receiving unit 605, and an application execution unit 606.

The table maintenance unit 601 maintains a handler table. The handler table
includes data type information, function information and calling information which are
associated with each application installed in a portable device. An example of the
handler table is illustrated in FIG. 2. This has been described above, thus repeated
description related thereto will be omitted herein.

The input information receiving unit 602 receives input information on a menu
key of the portable device, from a user 610, while a first application is active.

The function information extraction unit 603 extracts at least one function
information associated with data type information of data, which is being processed or
requested by the first application, from the handler table, in response to the receipt of
the input information. In this case, the function information extraction unit 603 may
extract a list including the at least one function information, from the handler table.

The menu providing unit 604 dynamically generates a menu including the
extracted at least one function information and provides the user 610 with the generated
menu. In this case, the menu providing unit 604 may generate the menu by
dynamically adding the extracted list to a basic menu associated with the first
application. Also, the menu providing unit 604 may generate the menu by arranging
the extracted at least one function information according to a frequency of use and a
most recently used order.

The selection information receiving unit 605 receives selection information on

particular function information in the provided menu, from the user 610.
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The application execution unit 606 identifies calling information associated
with the selected particular function information by referring to the handler table and
executes a second application on the basis of the identified calling information.

In this case, the application execution unit 606 may generate a predetermined
command on the basis of an application identifier or an option identifier included in the
identified calling information, and may execute a second application corresponding to
the application identifier included in the command. The application identifier
functions to identify an application. The option identifier functions to identify each
function when one application performs a plurality of functions. An exemplary type
and a utilization method of the application identifier and the option identifier have been
described in detail with reference to FIGS. 3 to 5.

The second application recognizes the command and performs a function
according to the selected particular function information. When the second application
finishes the function, the application interoperation system 600 terminates the second
application and activates the first application.

As described above, in a portable device having a limited input/output device
but capable of using various applications, such as a mobile phone, an application
interoperation system according to the present invention may dynamically generate a
menu of an application according to the application installed in a terminal device and a
type of data that a user is currently using. Through this configuration, interoperation
of at least two applications is possible. Namely. it is possible to increase utilization of
the terminal device and the application.

Although a few embodiments of the present invention have been shown and
described, the present invention is not limited to the described embodiments. Instead,
it would be appreciated by those skilled in the art that changes may be made to these
embodiments without departing from the principles and spirit of the invention, the scope

of which is defined by the claims and their equivalents.

Industrial Applicability

According to the present invention, there is provided an application
interoperation method and system, which can dynamically generate a menu of an

application according to a type of data that a user is currently using and an application
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installed in a terminal device, in a portable device having a limited input/output device
but capable of utilizing various applications. Accordingly, interoperation of at least
two applications is possible. Also, it is possible to improve efficiency of the terminal
device and the application.

Also, according to the present invention, there is provided an application
interoperation method and system which enables one application to interoperate with
another application when transmitting/receiving data, and also adopts a method of not
hard-coding an association method in a logic of an application. Accordingly, it is
possible to enable an association between download applications or an association
between an embedded application and a download application. Also, it is possible to
help a user to more easily and effectively utilize a portable device.

Also, according to the present invention, there is provided an application
interoperation method and system which can dynamically generate a menu of a
currently active application, with respect to a portable device having almost no function
corresponding to a shell or having difficulty of switching between an application and a
shell.

Also, according to the present invention, there is provided an application
interoperation method and system which is not limited to a particular function, and can
process, generate and filter data by including both input data and output data types.

Also, according to the present invention, there is provided an application
interoperation method and system which can reduce an operation by directly executing
another application, while not terminating one application. ~Accordingly, it is possible

to increase efficient utilization of an application.
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CLAIMS

1. A method for interoperation of a plurality of applications, the method
comprising the steps of:

maintaining a handler table including data type information, function
information and calling information which are associated with each application installed
in a portable device;

receiving input information on a menu key of the portable device, from a user,
while a first application is active;

extracting, in response to the receipt of the input information, at least one
function information associated with data type information of data, which is being
processed or requested by the first application, from the handler table;

dynamically generating a menu including the extracted at least one function
information to provide the user with the generated menu;

receiving selection information on particular function information among the
provided menu, from the user; and

identifying calling information associated with the selected particular function
information by referring to the handler table and executing a second application on the

basis of the identified calling information.

2. The method of claim 1, wherein the maintaining of the handler table comprises
the step of:
registering function information and calling information in the handler table,

with data type information which can be processed or generated in the each application.

3. The method of claim 2, wherein, in the registering, the function information and
the calling information are registered in the handler table with the data type information
using an application programming interface (API) of an operating system installed in
the portable device, when the each application is initially executed in the portable

device.

4. The method of claim 2, wherein, in the registering, an application management

module of the operating system installed in the portable device reads the data type
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information, the function information and the calling information included in a
descriptor file associated with the each application and registers the same in the handler

table.

5. The method of claim 3 or 4, wherein the maintaining of the handler table
further comprises the step of:

the operating system, when the each application is uninstalled from the portable
device, deleting an item associated with the uninstalled application from the handler

table.

6. The method of claim 1, wherein, in the extracting, a list including the at least
one function information is extracted from the handler table, and

the generating of the menu comprises the step of:

dynamically adding the extracted list to a basic menu associated with the first

application.

7. The method of claim 1, wherein, in the generating, the extracted at least one
function information is arranged according to a frequency of use and a most recently

used order, to generate the menu.

8. The method of claim 1, wherein the executing of the second application further
comprises the steps of:

generating a predetermined command on the basis of an application identifier or
an option identifier included in the identified calling information; and

executing a second application corresponding to the application identifier
included in the command, and

the method further comprises the step of:

the second application recognizing the command and performing a function

according to the selected particular function information.

9. The method of claim 8, wherein the function includes information on a data

processing function including a data storing function or a data transmitting function, a
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data generating function and a data filtering function.

10. The method of claim 9, wherein, when the selected particular function
information is a function of transmitting image data, the generating a predetermined
command comprises the steps of:

storing image data, which is being processed by the first application, in a
temporary file; and

generating the command which includes the application identifier, the option
identifier and a name of the temporary file, and

in the second application performing the function, the second application
recognizes the option identifier and the name of the temporary file, and transmits the

image data to a predetermined server.

1. The method of claim 9, wherein, when the selected particular function
information is a function of transmitting text data, the generating of the command
comprises the steps of:

converting data, which is being processed by the first application, into text data;
and

generating the command which includes the application identifier, the option
identificr and the text data, and

in the second application performing the function, the second application
recognizes the option identifier and the text data, and transmits the text data to a

predetermined server.

12. The method of claim 9, wherein, when the selected particular function
information is a function of providing a predetermined webpage, the generating of the
command comprises the steps of:

identifying caller information associated with data which is being processed by
the first application; and

generating the command which includes the application identifier, the option
identifier and the caller information, and

in the second application performing the function, the second application
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recognizes the option identifier and the caller information, and provides a webpage

associated with the caller information.

13. The method of claim 9, wherein, when the selected particular function
information is a function of uploading data, the generating of the command comprises
the steps of:

designating a name of a temporary file to store data requested by the first
application; and

generating a command which includes the application identifier, the option
identifier and the name of the temporary file, and

in the second application performing the function, the second application
recognizes the option identifier and the name of the temporary file, generates the
requested data and stores the same as the name of the temporary file, and

the method further comprises the step of:

terminating the second application and activating the first application; and

the first application reading the generated data from the temporary file and

uploading the same to a predetermined server.

14. The method of claim 9, wherein, when the selected particular function
information is a function of filtering data, the generating of the command comprises the
steps of:

identifying a file name of data being processed by the first application and
designating a name of another temporary file; and

generating a command which includes the application identifier, the identified
file name and a name of the temporary file, and

in the second application performing the function, the second application
recognizes the identified file name and the name of the temporary file, reads the
identified file name, filters the data, and stores the filtered data as the name of the
temporary file, and

the method further comprises the steps of:

terminating the second application and activating the first application; and

the first application reading and displaying the filtered data from the temporary
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file.

15. The method of claim 8§, further comprising:
immediately terminating the second application and activating the first

application, when the second application completes the function.

16. A computer readable recording medium storing a program for implementing the

method according to any one of claims 1 to 4 and 6 to 15.

17. A system for interoperation of a plurality of applications, the system
comprising:

a table maintenance unit maintaining a handler table including data type
information, function information and calling information which are associated with
each application installed in a portable device;

an input information receiving unit receiving input information on a menu key
of the portable device, from a user, while a first application is active;

a function information extraction unit extracting at least one function
information associated with data type information of data, which is being processed or
requested by the first application, from the handler table, in response to the receipt of
the input information;

a menu providing unit dynamically generating a menu including the extracted at
least one function information and providing the user with the generated menu;

a selection information receiving unit receiving selection information on
particular function information among the provided menu, from the user; and

an application execution unit identifying calling information associated with the
selected particular function information by referring to the handler table and executing a

second application on the basis of the identified calling information.
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USER INTERFACE WITH INDEPENDENT DRAWER CONTROL
RELATED APPLICATIONS
This application claims priority to U.S. Provisional Application Serial No. 61/389,000, filed

October 1, 2010, entitled "DUAL DISPLAY WINDOWING SYSTEM"; Provisional Application Serial
5  No.61/389,117, filed October 1, 2010, entitied "MULTI-OPERATING SYSTEM PORTABLE

DOCKETING DEVICE"; and Provisional Application Serial No. 61/389,087, filed October 1, 2010,

entitled "TABLET COMPUTING USER INTERFACE". Each and every part of the foregoing

provisional applications is hereby incorporated by reference in their entirety.

BACKGROUND

10 As the computing and communication functions of handheld computing devices become
more powerful, the user interface and display elements of such devices have evolved by attempting
to adapt user interface regimes developed for personal computers for use with handheld computing
devices. However, this attempt to adapt prior user interface regimes has been met with various
hurdles.

15 For instance, the majority of current handheld computing devices make use of a physical
keypad for user interface. Many different implementations of physical keypads exist that vary in
orientation and relationship to the device screen. However, in every case the physical keypads
take up a certain percentage of the physical space of the device and increase the weight of the
device. In addition to the disadvantages of size and weight, physical keypads are not configurable

20  inthe same manner as a touch screen based user interface. While certain limited forms of physical
keypads currently have, on the keys themselves, configurable displays, such as elnk or OLED
surfaces, to allow for reconfiguration of the keys, even in these cases, the physical layout of keys is
not modifiable. Rather, only the values associated with the physical keys on the keypad may be

changed.
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Other methods may provide increased user configurability of physical keypads. These
methods may include stickers and/or labels that can be added to keys to reference modified
functions or plastic overlays on top of the keypad denoting different functional suites. For instance,
the ZBoard keyboard, meant for laptop or desktop computer use, incorporates a dual layered
physical keyboard which separates the keys and their layout from the connections which send
signals to the machine. As such, different physical keyboard inserts for different applications can
be inserted into a holder allowing full configurability such that the orientation and layout of the keys
in addition to their denotation of function is configurable. This model could be extended to handheld
computing devices; however, the rate at which such a modular keypad can change functions is
much slower than a touch screen user interface. Furthermore, for each potential functional suite,
an additional physical key layout must be carried by the user, greatly increasing the overall physical
size and weight of such implementations. One advantage of a physical keypad for handheld
computing devices is that the user input space is extended beyond the user display space such that
none of the keys themselves, the housing of the keys, a user's fingers, or a pointing device obscure
any screen space during user interface activities.

A substantial number of handheld computing devices make use of a small touch screen
display to deliver display information to the user and to receive inputs from the user. In this case,
while the configurability of the device may be greatly increased and a wide variety of user interface
options may be available to the user, this flexibility comes at a price. Namely, such arrangements
require shared screen space between the display and the user interface. While this issue is shared
with other types of touch screen display/user interface technology, the small form factor of
handheld computing devices results in a tension between the displayed graphics and area provided
for receiving inputs. For instance, the small display further constrains the display space, which may

increase the difficulty of interpreting actions or results while a keypad or other user interface
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scheme is laid overtop or to the side of the applications in use such that the application is squeezed
into an even smaller portion of the display. Thus a single display touch screen solution, which
solves the problem of flexibility of the user interface may create an even more substantial set of
problems of obfuscation of the display, visual clutter, and an overall conflict of action and attention
between the user interface and the display.

Single display touch screen devices thus benefit from user interface flexibility, but are
crippled by their limited screen space such that when users are entering information into the device
through the display, the ability to interpret information in the display can be severely hampered.
This problem is exacerbated in several key situations when complex interaction between display
and interface is required, such as when manipulating layers on maps, playing a game, or modifying
data received from a scientific application. This conflict between user interface and screen space
severely limits the degree to which the touch based user interface may be used in an intuitive
manner.

SUMMARY

A first aspect includes a method for controlling a handheld computing device. The method
includes displaying a first screen on a first display and a second screen on a second display.
Additionally, the method involves maintaining a first drawer that is selectively displayable on the
first display and a second drawer that is selectively displayable on the second display. The method
also includes receiving a gesture input at a gesture sensor of the handheld computing device and
opening at least one of the first drawer and the second drawer in response to the receiving step. A
characteristic of the gesture input at least partially determines which of the first and second drawers
is opened.

A second aspect is a system for controlling a handheld computing device. The system

includes a processor, a first display in operative communication with the processor that is operable
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to selectively display a first drawer containing first data therein, and a second display in operative
communication with the processor that is operable to selectively display second drawer containing
second data therein. The system further includes at least one gesture sensor operable to receive a
gesture input from a user. Upon receipt of said gesture input from a user, one or more of the first
and second drawers is displayed.

A number of feature refinements and additional features are applicable to the first and
second aspects. These feature refinements and additional features may be used individually or in
any combination. As such, each of the following features that will be discussed may be, but are not
required to be, used with any other feature or combination of features of any of the aspects
presented herein.

In one embodiment, the characteristic may include a location at which the gesture is
received. For instance, when the gesture input is received at a first location, the first drawer may
be opened. When the gesture input is received at a second location, the second drawer may be
opened. When the gesture is received at a third location, both the first drawer and the second
drawers may be opened. In this regard, the first location may include at least a portion of the first
display and the second location may include at least a portion of the second display. The third
location may be between the first and second locations. The first display may be positioned
adjacent to the second display along an interface, such that the third location may be a
predetermined distance from the interface.

In another embodiment, a graphical portion may be provided at the first, second, and third
locations. The graphical portion may be manipulatable by a user to open one or more
corresponding drawers. For instance, the graphical portion may be at least a portion of a status

bar. Further still, a handle may be provided with the one or more corresponding drawers when
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displayed. The handle may be manipulatable by a user to close the one or more corresponding
drawers.

In various embodiments, the first drawer and second drawer may be operable to contain
data such as notification data, application data, contact data, calendar data, weather data, or a
combination thereof. The first drawer and the second drawer may contain the same data or,
alternatively, the drawers may contain different data.

A third aspect includes a method for controlling a handheld computing device. The method
includes operating the handheld computing device in a first state. When in the first state, a first
display is visible from the perspective of a user. The first display is operative to render a status
portion. The method also includes disposing the handheld computing device in a second state. In
the second state, the first display and a second display are visible from the perspective of the user.
The method also includes modifying the status portion to be rendered on the first display and the
second display in response to the disposing.

A fourth aspect includes a handheld computing device. The device includes a first display
and a second display that is arranged with respect to the first display. The second display is
positionable between a first position and a second position with respect to the first display. When in
the first position, only one of the first display and the second display are viewable from the
perspective of a user, and when in the second position the first and the second display are
viewable from the perspective of a user. In response to change in position from the first position to
the second position, a status bar displayed on the first display is modified to be displayed on the
first display and the second display.

A number of feature refinements and additional features are applicable to the third and
fourth aspects. These feature refinements and additional features may be used individually or in

any combination. As such, each of the following features that will be discussed may be, but are not
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required to be, used with any other feature or combination of features of any of the aspects
presented herein.

In one embodiment, additional content may be added to the status portion in the second
state. When in the second state, the status portion may include a unitary portion extending
between the first and second displays. More information may be displayed on the status bar when
in the second position than when in the first position.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic view of an embodiment of a handheld computing device.

Figures 2A-D are graphical representations of an embodiment of a handheld computing
device in various instances of operation.

Figures 3A-K are graphical representations of an embodiment of a handheld computing
device provided in different positions, orientations, and instances of operation.

Figure 4 includes graphical representations of various gesture inputs for controlling a
handheld computing device.

Figures 5A and 5B are graphical representations of an embodiment of a handheld
computing device functioning in response to a gesture.

Figures 6A and 6B are graphical representations of ancther embodiment of a handheld
computing device operating in response to a gesture.

Figures 7A and 7B are graphical representations of yet another embodiment of handheld
computing device functioning in response to a gesture input.

Figure 8 is a graphical representation of a status bar according to one embodiment of a
handheld computing device including a detailed view thereof.

Figures 9A-B are schematic views of embodiments of a handheld computing device

provided with touch sensitive devices.
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Figures 10A-B are graphical representations of the interaction between an embodiment of
a handheld computing device and an external display in response to a gesture input.

Figure 11 is a graphical representation of an embodiment of a gesture input.

DETAILED DESCRIPTION

The present disclosure is generally related to gesture inputs for interaction with a
computing device. The interface controls are particularly suited for control of devices that have one
or more displays capable of displaying graphical user interfaces (GUIs) on a handheld portable
device. The following disclosure may, in various embodiments, be applied to other computing
devices capable of displaying and responding to a GUI (e.g., laptop computers, tablet computers,
desktop computers, touch screen monitors, etc.) and is not intended to be limited to handheld
computing devices unless otherwise explicitly specified.

Figure 1 depicts an embodiment of a handheld computing device 100. The handheld
computing device 100 may include a first display 102 and a second display 104. Additionally, while
two displays (102, 104) may be shown and described below with regard to the functionality of
various embodiments of handheld computing devices, a handheld computing device may be
provided that includes one or more displays. In any regard, the first display 102 and the second
display 104 may be independently controllable. The displays may be operative to display a
displayed image or "screen". As used herein, the term "display” is intended to connote device
hardware, whereas "screen” is intended to connote the displayed image produced on the display.
In this regard, a display is a physical hardware that is operable to render a screen. A screen may
encompass a majority of the display. For instance, a screen may occupy substantially all of the
display area except for areas dedicated to other functions (e.g., menu bars, status bars, etc.) A
screen may be associated with an application and/or an operating system executing on the

handheld computing device 100. For instance, application screens or desktop screens may be



WO 2012/044510 PCT/US2011/052598

10

15

20

Page 136 of 1192

displayed. An application may have various kinds of screens that are capable of being manipulated
as will be described further below. In an embodiment, each display may have a resolution of 480
pixels by 800 pixels, although higher and lower resolution displays may also be provided.

A screen may be associated with an operating system, an application, or the like. In some
instances, a screen may include interactive features (e.g., buttons, text fields, toggle fields, etc.)
capable of manipulation by way of a user input. The user input may be received by various input
devices (e.g., a physical keyboard, a roller ball, directional keys, a touch sensitive device, etc.). In
some instances, a screen may simply include graphics and have no ability to receive an input by a
user. In other instances, graphics features and input features may both be provided by a screen.
As such, the one or more displays of a handheld computing device, the screens displayed on the
one or more displays, and various user input devices may comprise a GUI that allows a user to
exploit functionality of the handheld computing device.

The handheld computing device 100 may be configurable between a first position and a
second position. In the first position, a single display (e.g., the first display 102 or the second
display 104) may be visible from the perspective of a user. Both displays 102, 104 may be
exposed on an exterior of the handheld device 100 when in the first position, but the displays 102,
104 may be arranged in a non-adjacent manner such that both displays 102, 104 are not
concurrently visible from the perspective of a user (e.g., one display may be visible from the front of
the device 100 and the other display may be visible from the back of the device 100).

The handheld computing device 100 may also be provided in the second position such that
the displays 102, 104 may be concurrently viewable from the perspective of a user (e.g., the
displays 102, 104 may be positioned adjacent to one another). The displays 102, 104 may be
displayed in the second position such that the displays 102, 104 are arranged end-to-end or side-

by-side. Additionally, the displays 102, 104 may be arranged in a portrait orientation or a
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landscape orientation with respect to a user. As will be discussed further below, a portrait
orientation is intended to describe an arrangement of the handheld computing device, wherein the
longer dimension of the display of the handheld computing device is vertically oriented (e.g., with
respect to gravity or the perspective of a user). A landscape orientation is intended to describe an
arrangement wherein the shorter dimension of the display of the handheld computing device is
vertically oriented (e.g., with respect to gravity or the perspective of a user). Furthermore, the
longer dimension and shorter dimension may refer to each display individually or the combined
viewing area of the one or more displays of the device. Thus, when the individual displays are
arranged in a portrait orientation, the overall display area may be arranged in a landscape
orientation, and vice versa. Additionally, the displays and screens may be in different respective
orientations. For instance, when the displays are in a landscape orientation, one or more screens
may be rendered in a portrait orientation on the displays or vice versa.

The handheld computing device 100 may be manipulated between the first position (i.., a
single display visible from a user's perspective) and the second position (i.e., at least two displays
concurrently visible from the user's perspective) in a variety of manners. For instance, the device
100 may include a slider mechanism such that the first and second displays 102, 104 are
disposable adjacent to one another in a parallel fashion in a second position and slideable to the
first position where only a single display is viewable and the other display is obscured by the
viewable display.

Alternatively, the device 100 may be arranged in a clam shell type arrangement wherein a
hinge is provided between the first display 102 and the second display 104 such that the displays
102, 104 are concurrently visible by a user when in the second position (i.e., an open position). The
displays 102, 104 may be provided on an interior clam shell portion or an exterior clam shell portion

of the device 100. In this regard, both displays 102, 104 may be visible from the front and the back
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of the device, respectively, when the device is in the first position (i.e., the closed position). When
the device 100 is in the open position, the displays 102, 104 may be provided adjacent and parallel
to one another. Alternative arrangements of the handheld computing device 100 are contemplated
wherein different arrangements and/or relative locations of the displays may be provided when in
the first and second position.

In addition, the first display 102 and the second display 104 may be provided as entirely
separate devices. In this regard, a user may manipulate the displays 102, 104 such that they may
be positioned adjacent to one ancther (e.g., side-by-side or end-to-end). The displays 102, 104
may be in operative communication when adjacently positioned such that the displays 102, 104
may operate in the manner provided in greater detail below when adjacently positioned (e.g., via
physical contacts, wireless communications, etc.). A retention member (not shown) may be
provided to retain the separate displays 102, 104 in an adjacent position. For instance, the
retention member may include coordinating magnets, mechanical clips or fasteners, elastic
members, etc.

While the foregoing has referenced two displays 102 and 104, alternate embodiments of a
handheld device may include more than two displays. In this regard, the two or more displays may
behave in a manner in accordance with the foregoing wherein only a single display is viewable by a
user in a first position and multiple displays (i.e., more than two displays) are viewable in a second
position. Additionally, in one embodiment, the two displays 102 and 104 may comprise separate
portions of a unitary display (not shown). As such, the first display 102 may be a first portion of the
unitary display and the second display 104 may be a second portion of the unitary display. For
instance, the handheld computing device 100 (e.g., having a first and second display 102 and 104)
may be operatively connected to the unitary display (e.g., via a connector or a dock portion of the

unitary display) such that the first display 102 and the second display 104 of the handheld
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computing device 100 are emulated on the unitary display. As such, the unitary display may have
first and second portions corresponding to and acting in a similar manner to the first and second
display 102 and 104 of the handheld computing device 100 described below.

The handheld computing device 100 may further include one or more input devices that
may be used to receive user inputs. These input devices may be operative to receive gesture
inputs from a user, and, accordingly, may be referred to generally as gesture sensors. A number of
different types of gesture sensors may be provided. Some examples include, but are not limited to
traditional input devices (keypads, trackballs, etc.), touch sensitive devices, optical sensors (e.g., a
camera or the like), etc. The discussion contained herein may reference the use of touch sensitive
devices to receive gesture inputs. However, the use of touch sensitive devices is not intended to
limit the means for receiving gesture inputs to touch sensitive devices alone and is provided for
illustrative purposes only. Accordingly, any of the foregoing means for receiving a gesture input
may be used to produce the functionality disclosed below with regard to gesture inputs received at
touch sensitive devices.

In this regard, the handheld computing device 100 may include at least a first touch sensor
106. Furthermore, the handheld computing device may include a second touch sensor 108. The
first touch sensor 106 and/or the second touch sensor 108 may be touchpad devices, touch screen
devices, or other appropriate touch sensitive devices. Examples include capacitive touch sensitive
panels, resistive touch sensitive panels, or devices employing other touch sensitive technologies.
The first touch sensor 106 and/or second touch sensor 108 may be used in conjunction with a
portion of a user's body (e.g., finger, thumb, hand, etc.), a stylus, or other acceptable touch
sensitive interface mechanisms known in the art. Furthermore, the first touch sensor 106 and/or
the second touch sensor 108 may be multi-touch devices capable of sensing multiple touches

simultaneously.
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The first touch sensor 106 may correspond to the first display 102 and the second touch
sensor 108 may correspond to the second display 104. In one embodiment of the handheld
computing device 100, the first display 102 and the first touch sensor 106 comprise a first touch
screen display 110. In this regard, the first touch sensor 106 may be transparent or translucent and
positioned with respect to the first display 102 such that a corresponding touch received at the first
touch sensor 106 may be correlated to the first display 102 (e.g., to interact with a screen rendered
on the first display 102). Similarly, the second display 104 and the second touch sensor 108 may
comprise a second touch screen display 112. In this regard, the second touch sensor 108 may be
positioned with respect to the second display 104 such that a touch received at the second touch
sensor 108 may be correlated to the second display 104 (e.g., to interact with a screen rendered on
the second display 104). Alternatively, the first touch sensor 106 and/or the second touch sensor
108 may be provided separately from the displays 102, 104. Furthermore, in an alternate
embaodiment, only a single gesture sensor may be provided that allows for inputs to control both the
first display 102 and the second display 104. The single gesture sensor may also be provided
separately or integrally with the displays.

In this regard, the first and second touch sensors 106, 108 may have the substantially
same footprint on the handheld computing device 100 as the displays 102, 104. Alternatively, the
touch sensors 106, 108 may have a footprint including less of the entirety of the displays 102, 104.
Further still, the touch sensors 106, 108 may include a footprint that extends beyond the displays
102, 104 such that at least a portion of the touch sensors 106, 108 are provided in non-overlapping
relation with respect to the displays 102, 104. As discussed further below, the touch sensors 106,
108 may alternatively be provided in complete non-overlapping relation such that the footprint of the

touch sensors 106, 108 is completely different than the footprint of the displays 102, 104.
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With reference to Figures 9A-B, various potential arrangements are depicted for the first
display 102, the second display 104, and touch sensors 106', 106", and 108". In Figure 9A, the first
102 and second display 104 are arranged side-by-side such that a crease 196 separates the
displays. In this regard, the first display 102 and second display 104 may be arranged in a clam-
shell type arrangement such that the crease 196 includes a hinge that allows for pivotal movement
between the first display 102 and second display 104 as discussed above. A touch sensor 106
may span the width of both the first display 102 and the second display 104. In this regard, the
touch sensor 106" may span the crease 196 without interruption. Alternatively, as shown in Figure
9B, separate touch sensors 106" and 108" may be provided on either side of the crease 196. In
this regard, each of the touch sensors 106" and 108" may span the width of each of the first display
102 and second display 104, respectively.

In any of the arrangements shown in Figures 9A-B, the displays (102, 104) may also
comprise touch screen displays that may be used in conjunction with touch sensitive portions that
are provided separately from the touch screen displays. Thus, displays 102 and 104 may both
comprise touch screen displays and be provided in addition to touch sensitive devices 106", 106",
and 108". Accordingly, a combination of touch screen displays (e.g., 110, 112) and off display
touch sensors (e.g., 106", 106", 108") may be provided for a single device. Touch inputs may be
received at both a touch screen display (110, 112) and off display touch sensor (106", 106", 108").
In this regard, gestures received at an off screen display sensor may have a different functionality
than the same gesture received at a touch screen display. Also, a touch sensitive device may be
divided into a plurality of zones. The same gesture received in different zones may have different
functionality. For instance, a percentage (e.g., 10%, 25%, etc.) of the touch sensitive device at the

top or bottom of the display may be defined as a separate zone than the remainder of the touch
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sensitive device. Thus, a gesture received in this zone may have a different functionality than a
gesture received in the remainder of the touch sensitive device.

The handheld computing device 100 may further include a processor 116. The processor
116 may be in operative communication with a data bus 114. The processor 116 may generally be
operative to control the functionality of the handheld device 100. For instance, the processer 116
may execute an operating system and be operative to execute applications. The processor 116
may be in communication with one or more additional components 120-134 of the handheld
computing device 100 as will be described below. For instance, the processor 116 may be in direct
communication with one more of the additional components 120-134 or may communicate with the
one or more additional components 120-134 via the data bus 114. Furthermore, while the
discussion below may describe the additional components 120-134 being in operative
communication with the data bus 114, in other embodiments any of the additional components 120-
134 may be in direct operative communication with any of the other additional components 120-
134. Furthermore, the processor 116 may be operative to independently control the first display
102 and the second display 104 and may be operative to receive input from the first touch sensor
106 and the second touch sensor 108. The processor 116 may comprise one or more different
processors. For example, the processor 116 may comprise one or more application specific
integrated circuits (ASICs), one or more field-programmable gate arrays (FPGAs), one or more
general purpose processors operative to execute machine readable code, or a combination of the
foregoing.

The handheld computing device may include a battery 118 operative to provide power to
the various devices and components of the handheld computing device 100. In this regard, the

handheld computing device 100 may be portable.
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The handheld computing device 100 may further include a memory module 120 in
operative communication with the data bus 114. The memory module 120 may be operative to
store data (e.g., application data). For instance, the memory 120 may store machine readable
code executable by the processor 116 to execute various functionalities of the device 100.

5 Additionally, a communications module 122 may be in operative communication with one
or more components via the data bus 114. The communications module 122 may be operative to
communicate over a cellular network, a Wi-Fi connection, a hardwired connection or other
appropriate means of wired or wireless communication. The handheld computing device 100 may
also include an antenna 126. The antenna 126 may be in operative communication with the

10 communications module 122 to provide wireless capability to the communications module 122.
Accordingly, the handheld computing device 100 may have telephony capability (i.e., the handheld
computing device 100 may be a smartphone device).

An audio module 124 may also be provided in operative communication with the data bus
114. The audio module 124 may include a microphone and/or speakers. In this regard, the audio

15 module 124 may be able to capture audio or produce sounds. Furthermore, the device 100 may
include a camera module 128. The camera module 128 may be in operative communication with
other components of the handheld computing device 100 to facilitate the capture and storage of
images or video.

Additionally, the handheld computing device 100 may include an I/O module 130. The I/O

20 module 130 may provide input and output features for the handheld computing device 100 such
that the handheld computing device 100 may be connected via a connector or other device in order
to provide syncing or other communications between the handheld computing device 100 and

another device (e.g., a peripheral device, another computing device etc.).
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The handheld computing device 100 may further include an accelerometer module 132.
The accelerometer module 132 may be able to monitor the orientation of the handheld computing
device 100 with respect to gravity. In this regard, the accelerometer module 132 may be operable
to determine whether the handheld computing device 100 is substantially in a portrait orientation or
landscape orientation. The accelerometer module 132 may further provide other control
functionality by monitoring the orientation and/or movement of the handheld computing device 100.

The handheld computing device 100 may also include one or more hardware buttons 134.
The hardware buttons 134 may be used to control various features of the handheld computing
device 100. The hardware buttons 134 may have fixed functionality or may be contextual such that
the specific function of the buttons changes during operation of the handheld computing device
100. Examples of such hardware buttons may include, but are not limited to, a volume control, a
home screen button, an end button, a send button, a menu button, etc.

With further reference to Figures 2A-D, various screens of an embodiment of a device are
shown. multiple screens may be shown, only one or a subset of the multiple screens may be
shown on the displays of the device at any one moment. In this regard, a screen may be described
in a relative location to the displays or other screens (e.g., to the left of a display, to the right of a
display, under another screen, above another screen, etc.). These relationships may be logically
established such that no physical display reflects the relative position. For instance, a screen may
be moved off a display to the left. While the screen is no longer displayed on the display, the
screen may have a virtual or logical position to the left of the display from which it was moved. This
logical position may be recognized by a user and embodied in values describing the screen (e.g.,
values stored in memory correspond to the screen). Thus, when referencing screens in relative
locations to other screens, the relationships may be embodied in logic and not physically reflected

in the display of the device.
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Figures 2A-D may display a number of different screens that may be displayed at various
instances of operation of a handheld device and are not intended to be presented in any particular
order or arrangement. Single screen applications and multi screen applications may be provided.
A single screen application is intended to describe an application that is capable of producing a
screen that may occupy only a single display at a time. A multi screen application is intended to
describe an application that is capable of producing one or more screens that may simultaneously
occupy multiple displays. Additionally, a multi screen application may occupy a single display. In
this regard, a multi screen application may have a single screen mode and a multi screen mode.

A desktop sequence 136 is displayed in Figure 2A. The desktop sequence 136 may
include a number of individual desktop screens 138a-138f. Thus, each desktop screen 138 may
occupy substantially the entirety of a single display (e.g., the first display 102 or second display 104
of Figure 1). The desktop screens 138a-138f may be in a predetermined order such that the
desktop screens 138a-138f appear consecutively and the order in which the desktop screens
appear may not be reordered. However, the desktop screens 138a-138f may be sequentially
navigated (e.g., in response to a user input). That is, one or more of the desktop screens 138a-
138f may be sequentially displayed on a handheld device as controlled by a user input.

Additionally, Figure 2B displays a hierarchal application sequence 140 of a multi screen
application. The hierarchal application sequence 140 may include a root screen 142, one or more
node screens 144, and a leaf screen 146. The root screen 142 may be a top level view of the
hierarchical application sequence 140 such that there is no parent screen corresponding to the root
screen 142. The root screen 142 may be a parent to a node screen 144, One or more node
screens 144 may be provided that are related as parent/children. A node screen may also serve as
a parent to a leaf screen 146. By leaf screen 146, it is meant that the leaf screen 146 has no

corresponding node screen 144 for which the leaf screen 146 is a parent. As such, the leaf screen
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does not have any children node screens 144. Figure 2C depicts various single screen
applications 148a, 148b, and 148¢ arranged sequentially. Each of these single screen applications
may correspond to a different executing application. For instance, in Figure 2C Application 4,
Application 5, and Application 6 may be executing on the device and correspond to each single
screen 148a, 148b, and 148c, respectively.

Figure 2D also includes an empty view 166. The empty view 166 may be used during
transitions of a screen (e.g., movement of screen between a first display and a second display). It
is not necessary that the empty view 166 be interpretable by the user as an effective GUI screen.
The empty view 166 merely communicates to the user that an action regarding the screen (e.g., the
movement of the screen with respect to one or more displays) is occurring. An application
displaying an empty view 166 need not be able to rest, wait, process or interpret input. The empty
view 166 may display a screen, or a representation thereof, as it is being moved in proportion to the
amount of the screen that has been moved from a first display to a second display as will be
discussed in greater detail below. In this regard, the empty view 166 may be used to relate
information regarding the position of a screen during a transition of the screen (e.g., in response to
gesture). An empty view 166 is only intended to refer to a screen not capable of receiving an input
(e.g., a screen in transition). In this regard, the display of an empty view 166 may include an
animation or the like showing the response of a screen as it is being moved or changed (e.g.,
modified into or out of a landscape mode).

Figures 3A-K depict various arrangements and statuses of displays 102, 104 of a device
that are possible in various embodiments of a handheld computing device according to the present
disclosure. For instance, when in the first (e.g., closed) position, a closed front display 168 may be
visible as shown in Figure 3A. The closed front display 168 may correspond with the first display

102 or the second display 104. The closed front 168 as displayed may be occupied by a desktop
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screen D1 138 as shown in Figure 3A. Alternatively, an application with a single screen or a multi
screen application in single screen mode may be displayed in the closed front 168. A closed back
display 170 may be viewable from an opposite side of the display when the device is in a closed
position, as shown in Figure 3B. The closed back 170 may display a different desktop screen or
application screen than the closed front 168 (e.g., as shown in Figure 3H) or may simply display an
empty view 166 (e.g., displaying an icon or other graphic) and lack functionality as an interface.

Figure 3C depicts a closed device in a landscape orientation 172a. In one embodiment, a
landscape mode (i.e., wherein the display is adjusted to display a screen in a landscape
orientation) may not be enabled as shown in Figure 3C. Alternatively, the landscape mode may be
enabled such that the screen (e.g., application screen 148) is modified when the device is sensed
in a landscape orientation 172b, such that the screen 148 is rendered in a landscape orientation as
shown at Figure 3D.

The device may further be provided in a second (e.g., open) position 174 as shown in
Figure 3E. In the open position 174, at least two displays 102, 104 are arranged such that the two
displays 102, 104 are both visible from the vantage point of a user. The two displays 102, 104 may
be arranged in a side-by-side fashion when in the open position 174. Thus, each of the two
displays 102, 104 may display separate screens. For instance, the displays 102, 104 may each
display a separate desktop screen 138a, 138b, respectively. While the individual displays 102 and
104 are in a portrait orientation as shown in Figure 3E, it may be appreciated that the full display
area (comprising both the first display 102 and the second display 104) may be arranged ina
landscape orientation. Thus, whether the device as depicted in Figure 3E is in a landscape or
portrait orientation may depend on whether the displays are being used individually or collectively.

If used collectively as a unitary display, the device may be in a landscape orientation, whereas if
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the displays are used separately, the orientation shown in Figure 3E may be referred to as a
portrait orientation.

Additionally, when the device is in an open position 174 as shown in Figure 3F, a similar
dependency with regard to the use of the screens as a unitary display or separate displays may
also affect whether the device is in a portrait orientation or landscape orientation. As can be
appreciated, each individual screen is in a landscape orientation, such that if the displays are used
separately, the device may be in a landscape orientation. If used as a unitary display, the device
may be in a portrait orientation. In any regard, as shown in Figure 3F, a single screen 148 may
occupy a first display 102 and the second display 104 may display a desktop screen 138. The
single screen 148 may be displayed in a landscape or portrait mode. Alternatively, a device inan
open orientation may display a multi screen application 156 that may occupy both displays 102,
104 in a portrait orientation as shown in Figure 3G such that the individual displays are in a
landscape orientation.

Figures 3I-K depict the potential arrangements of the screens of a multi screen application
152. The multi screen application 152 may, in one mode, occupy a single display 102 when the
device is in a closed position 168 as shown in Figure 31. That is, the multi screen application 152
may be in a single screen mode. Alternatively, when the device is in an open position as shown in
Figure 3J, the multi screen application 152 may still occupy a single display 102 in single screen
mode. Furthermore, the multi screen application 152 may be expanded to occupy both displays
102, 104 when the device is in the open position as shown in Figure 3K. In this regard, the multi
screen application 152 may also execute in a multi screen mode. Various options may be provided
for expanding the multi screen application 152 from a single screen mode to a multi screen mode.

For example, the multi screen application 152 may be maximized from a single screen

mode displayed in a single display to two screens displayed in two displays such that a parent
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screen is displayed in the first display and a node screen (e.g., a child screen) is expanded into the
second display. In this regard, each of the screens displayed in the first and second display may
be independent screens that comprise part of a hierarchical application sequence (e.g., as shown
in Figure 2B). Alternatively, the single screen mode of the multi screen application may simply be
scaled such that the contents of the single screen are scaled to occupy both displays. Thus, the
same content displayed in the single screen is scaled to occupy multiple displays, but no additional
viewing area or graphics are presented. Further still, the maximization of the multi screen
application from a single screen mode to a multi screen mode may result in the expansion of the
viewable area of the application. For example, if a multi screen application is displayed in single
screen mode, upon maximization into multi screen mode, the viewable area of the multi-screen
application may be expanded while the scale of the graphics displayed remains the same. In this
regard, the viewable area of the multi-screen application may be expanded into the second display
while the scaling remains constant upon expansion.

In this regard, an application may have configurable functionality regarding the nature and
behavior of the screens of the application. For instance, an application may be configurable to be a
single screen application or a multi screen application. Furthermore, a multi screen application may
be configurable as to the nature of the expansion of the multi screen application between a single
screen mode and a multi screen mode. These configuration values may be default values that may
be changed or may be permanent values for various applications. These configuration values may
be communicated to the device (e.g., the processor 116) to dictate the behavior of the application
when executing on the device.

Figure 4 depicts various graphical representations of gesture inputs that may be
recognized by a handheld computing device. The gestures shown are demonstrative, and as such,

other gestures may be provided without limitation. Such gestures may be received at one or more
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gesture sensors of the device. In this regard, various input mechanisms may be used in order to
generate the gestures shown in Figure 4. For example a stylus, a user's finger(s), or other devices
may be used to activate a touch sensitive device in order to receive the gestures. Altematively, the
gestures may be detected by an optical device (e.g., a camera). The use of a gesture may
describe the use of a truncated input that results in functionality without the full range of motion
necessary to conventionally carry out the same functionality. For instance, movement of screens
between displays may be carried out by selecting and moving the screen between displays such
that the full extent of the motion between displays is received as an input. However, such an
implementation may be difficult to accomplish in that the first and second displays may comprise
separate display portions without continuity therebetween. As such, a gesture may truncate the full
motion of movement or provide an alternative input to accomplish the same functionality. Thus,
movement spanning the first and second display may be truncated so that the gesture may be
received at a single touch sensitive device. The use of gesture inputs is particularly suited to
handheld computing devices in that the full action of an input may be difficult to execute given the
limited input and display space commonly provided on a handheld computing device.

With reference to Figure 4, a circle 190 may represent a touch received at a touch sensitive
device. The circle 190 may include a border 192, the thickness of which may indicate the length of
time the touch is held stationary at the touch sensitive device. In this regard, a tap 186 has a
thinner border 192 than the border 192’ for a long press 188. In this regard, the long press 188
may involve a touch that remains stationary on the touch sensitive display for longer than that of a
tap 186. As such, different gestures may be registered depending upon the length of time that the
touch remains stationary prior to movement.

A drag 176 involves a touch (represented by circle 190) with movement 194 in a direction.

The drag 176 may involve an initiating touch that remains stationary on the touch sensitive device
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for a certain amount of time represented by the border 192. In contrast, a flick 178 may involve a
touch with a shorter dwell time prior to movement than the drag as indicated by the thinner border
192" of the flick 178. Thus, again different gestures may be produced by differing dwell times of a
touch prior to movement. The flick 178 may also include movement 194. The direction of
movement 194 of the drag and flick 178 may be referred to as the direction of the drag or direction
of the flick. Thus, a drag to the right may describe a drag 176 with movement 194 to the right.

In an embodiment, a gesture having movement (e.g., a flick or drag gesture as described
above) may be limited to movement in a single direction along a first axis. Thus, while movement
in a direction different than along the first axis may be disregarded so long as contact with the touch
sensitive device is unbroken. In this regard, once a gesture is initiated, movement in a direction not
along an axis along which initial movement is registered may be disregarded or only the vector
component of movement along the axis may be registered. While the directional gestures (e.g., the
drag 176 and flick 178) shown in Figure 4 include only horizontal mation after the initiation of the
gesture, this may not be actual movement of the touch during the gesture. For instance, once the
drag 176 is initiated in the horizontal direction, movement in a direction other than in the horizontal
direction may not result in movement of the screen to be moved in the direction different and the
horizontal direction. For instance, with further reference to Figure 11, the drag 176 from left to right
may be initiated with initial movement 204 from left to right along an initiated direction 210.
Subsequently, while the user may input an off direction movement 206 in a direction different than
the initiated direction 210. In this regard, the off direction movement 206 may not result in any
movement of a screen between two displays. Furthermore, the user may input partially off direction
movement 208, where only a vector portion of the movement is in the direction of the initiated
direction 210. In this regard, only the portion of the partially off direction movement 208 may result

in movement of a screen between displays. In short, the movement of application screens between
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the first display 102 and the second display 104 may be constrained along a single axis along
which the displays are arranged.

One potentially useful feature of a user interface for a handheld computing device is a
drawer. A drawer may generally describe a selectively displayable screen that may contain data or
information useful to the user. The drawer may be opened (i.e., selectively displayed) by a user by
manipulation of a graphical portion. For example, a handle or other graphical portion may be
provided to access the drawer. In this regard, a drawer may be operative to be opened into view
on a display (e.g., from the periphery of the display) such that the rendered display resembles a
drawer being opened from off display to reveal the contents of the drawer. A user may access a
drawer by dragging open the drawer by selecting the handle or other graphical portion that allows
the drawer to open (that is, slide into view). As such, a drawer may be opened to occupy a majority
of a display or may be partially opened to only a partial extent that covers a portion of the display.
A subsequent user input may allow the drawer to slide back into its original off display position thus
revealing the screen obscured upon opening the drawer.

In this regard, the drawer may be accessed by the user and may contain various
information or data. For instance, a drawer may be opened which contains and subsequently
displays application data including a listing of the applications stored on the handheld computing
device that can be executed thereon. This list may be a text list or include icons corresponding to
the applications. The applications may be launched directly from the drawer by selecting the
application when the drawer is open. Additionally or alternatively, a drawer may contain other data
such as by way of example, notification data, contact data, calendar data, weather data, or other
appropriate data a user may access. For instance, the notification data may include information
relating to messages (e.g., SMS messages, voicemails, emails, chats, etc) that have been sent by

or received by the handheld computing device. The contact data may include contact information
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from an address book or the like stored on the device. Additionally, other types of information to
which quick access may be provided may be provided in the drawer. The drawer may additionally
contain links or other objects that may be selected by the user.

For instance, message notifications (e.g., upon receipt of a SMS message, e-mail, etc.)
may be displayed in a notification drawer that may be accessed by the user. The drawer may
contain a list of received messages including information (e.g., a message subject, time of receipt,
sender, etc.) related to each corresponding message. Furthermore, the message notifications may
be linked objects, whereupon selection of the message, a messaging application executes or is
brought to the foreground so that a user may read the full message, respond, etc.

Further still, as described above, a handheld computing device 100 may be provided with a
first display 102 and a second display 104. Such an arrangement is depicted in Figures 5A and 5B.
In Figure 5A, a first screen 148a is rendered on a first display 102 and a second screen 148b is
rendered on a second display 104. Along the top of the first display 102 and second display 104
may be a first status bar portion 502 and a second status bar portion 504, respectively. The first
status bar portion 502 and second status bar portion 504 may display various information to a user
including, but not limited to, cellular signal strength, battery life information, cellular carrier
information, services being executed by the handheld computing device, and other pertinent
information.

A drag gesture 176 may be input by the user that, for instance, may originate adjacent to
the first status bar portion 502 and be in a general downward direction (i.e., toward the bottom of
the display 102 opposite the status bar portion 502). The result is shown in Figure 5B, wherein a
first drawer portion 500 may be opened in the first display 102. Thus, the first screen 148a is
covered by the first drawer portion 500. In alternate embodiments, the first drawer portion 500 may

be partially opened to only cover a portion of the first display 102. The first drawer portion 500 may
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include information as described above. A first handle 506 may alsc be provided at the bottom of
the first drawer portion 500. The first status portion 502 may remain displayed at the top of the
screen as is shown in Figure 5A. While not shown, the first drawer portion 500 may be
subsequently closed by a gesture originating near the handle 506 in an upward direction (i.e.,
toward the top of the first display 102 adjacent the status bar portion 502) so as to close the first
drawer portion 500. In Figure 5B, the second display 104 is unaffected and may be substantially
the same as was in Figure 5A.

Figure 6A and Figure 6B depict a handheld computing device similar to that shown in
Figure 5A and 5B. In Figure 6A, a drag gesture 176 is received originating adjacent to the second
status portion 504 in a downward direction in the second display 104. As such, a second drawer
portion 550 may be opened in the second display 104 as shown in Figure 6B. A second handle
556 may also be provided at the bottom of the second drawer portion 550. A subsequent upward
drag gesture originating at the second handle 556 may act to close the second drawer portion 550.
The first display 102 may be unaffected by the drag gesture 176 received in Figure 6A.

In this regard, a drag gesture may be used to individually open a first drawer portion 500 in
a first display 102 or a second drawer portion 550 in a second display 104. Whether the first
drawer portion 500 or second drawer portion 550 is opened may, at least partially, depend upon a
characteristic of the gesture received. For instance, different gestures may be provided that open
either the first drawer portion 500, the second drawer portion 550, and/or both drawer portions 500
and 550. Additionally or alternatively, the location at which the gesture input is received may
determine which drawer portions are opened. For instance, as described above, a gesture
received adjacent to the first display 102 may open a drawer portion 500 therein, whereas a

gesture received adjacent to the second display 104 may open a drawer portions 550 therein.
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The first drawer portion 500 and second drawer portion 550 may include different
information. For instance, the first drawer portion 500 may contain one of the data types potentially
displayed in a drawer portion. The second drawer portion 550 may display a different one of the
data types displayable in a drawer portion. Additionally, the first drawer portion 500 and second
drawer portion 550 may include the same data type such that the data contained in either the first
drawer portion 500 or second drawer portion 550 may be accessed in either the first display 102 or
second display 104. In the instance where different information is displayed in the first drawer
portion 500 and second drawer portion 550, an indication provided in the first status portion 502 or
second status portion 504 may indicate which information or data is accessible in a respective one
of the drawer portions. For instance, status portion 502 may include an indication as to the
contents of the first drawer portion 500 whereas the second status portion 504 may contain an
indication regarding the contents of the second drawer portion 550.

In addition to individually controlling a drawer portion as shown in Figure 5A-6B, both
drawer portions may be simultaneously opened by receipt of the gesture input. For instance, a
characteristic as described above may dictate whether both drawers are opened. Such a situation
is depicted in Figures 7A-7B. In Figure 7A, a drag gesture 176 is received adjacent to the mid-line
of the first display 102 and the second display 104. In this regard, there may be a touch sensor or
other gesture sensor operative to detect a drag gesture 176 near the adjacent portions of the first
display 102 and the second display 104. Alternatively or additionally, a drag gesture 176 received
on either the adjacent first display 102 or second display 104 a predefined distance from the right
side of the first display 102 or the left side of the second display 104 (e.g., adjacent to the interface
of the two displays) may result in functionality as if a drag gesture 176 was received between the
two displays. In any regard, a drag gesture 176 received as shown in Figure 7A or as described

herein may result in the simultaneous opening of a first drawer portion 500 and a second drawer
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portion 550 in a first display 102 and a second display 104, respectively. As was the case in
Figures 5B and 6B, a first handle portion 506 may be provided with the first drawer portion 500 and
a second handle portion 556 may be provided with the second drawer portion 550. In this regard, a
drag gesture 176 received adjacent to the first handle portion 506 and second handle portion 556 in
an upward direction may simultaneously close the two drawer portions 500 and 550. Alternatively,
an individual one of the drawer portions may be selected and closed individually by selecting either
one of the first handle portion 506 or the second handle portion 556. In Figure 7B, the first drawer
portion 500 and drawer portion 550 may display different data as described above or may display
similar data. In the case where similar data is displayed, first drawer portion 500 and second
drawer portion 550 may cooperate to display a single drawer portion spanning both the first display
102 and the second display 104.

Figure 8A depicts a handheld computing device in a first position wherein a first display
102 is the only visible display from the perspective of a user. The first display 102 may display a
first screen (e.g., desktop screen 138a as shown) and include a first status portion 502. The first
status portion 502 may contain certain information regarding the status of the device or applications
executing on the device. This may include a variety of different types of information, for example,
including at least the types of data listed above with regard to the potential contents of the drawer
portions. For instance, as shown, cellular signal strength 802, battery information 804, and time
information 806 may be displayed in the first status portion 502.

In addition, as described above the handheld computing device may be changed to a
second position such that a first display 102 and a second display 104 are concurrently visible from
the perspective of a user as shown in Figure 8B. In turn, a first status portion 502 and second
status portion 504 may be displayed on a first display 102 and a second display 104 respectively.

In one embodiment, the first status portion 502 may be expanded upon positioning the device in the
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second position such that at least two displays are concurrently visible as shown in Figure 8B. In
this regard, information displayed on the first status portion 502 when the device is in the first
position may be supplemented or new information may be added. The additional information may
be in the form of additional types of data or more detailed information regarding the information

5  shown.

For instance, in Figure 8B, the cellular signal strength 802" has been augmented to shown
cellular carrier information as well. Also, the battery information 804" also contains more detailed
information (e.g., a percentage of battery charge remaining may be shown). Also, the time
information 806" may be expanded to display time and date information. Further still, additional

10 information such as weather information 808 or notification information 810 may be added to the
status portions 502, 504 when expanded into both the first display 102 and the second display 104.

While the invention has been illustrated and described in detail in the drawings and
foregaing description, such illustration and description is to be considered as exemplary and not
restrictive in character. For example, certain embodiments described hereinabove may be

15 combinable with other described embodiments and/or arranged in other ways (e.g., process
elements may be performed in other sequences). Accordingly, it should be understood that only
the preferred embodiment and variants thereof have been shown and described and that all

changes and modifications that come within the spirit of the invention are desired to be protected.
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What is claimed is:
1. A method for controlling a handheld computing device, comprising:
displaying a first screen on a first display and a second screen on a second display;
maintaining a first drawer that is selectively displayable on the first display and a second
drawer that is selectively displayable on the second display;
receiving a gesture input at a gesture sensor of the handheld computing device; and
opening at least one of the first drawer and the second drawer in response to the receiving
step;
wherein a characteristic of the gesture input at least partially determines which of the first
and second drawers is opened.
2. The method according to Claim 1, wherein the characteristic comprises a location at which
the gesture is received.
3. The method according to Claim 2, wherein when the gesture input is received at a first
location, the first drawer is opened, and wherein when the gesture input is received at a second
location, the second drawer is opened, and wherein when the gesture is received at a third location,
both the first drawer and the second drawers are opened.
4. The method according to Claim 3, wherein the first location includes at least a portion of
the first display and the second location includes at least a portion of the second display.
5. The method according to Claim 4, wherein the third location is between the first and
second locations.
6. The method according to Claim 5, wherein the first display is positioned adjacent to the
second display along an interface, and wherein the third location is a predetermined distance from

the interface.
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7. The method according to Claim 6, wherein a graphical portion is provided at the first,
second, and third locations.
8. The method according to Claim 7, wherein the graphical portion is manipulatable by a user
to open one or more corresponding drawers.

5 0 The method according to Claim 8, wherein the graphical portion comprises at least a
portion of a status bar.
10. The method according to Claim 9, wherein a handle is provided with the one or more
corresponding drawers when displayed, and wherein the handle is manipulatable by a user to close
the one or more corresponding drawers.

10 11 The method according to Claim 10, wherein the first drawer and second drawer are
operable to contain data comprising notification data, application data, contact data, calendar data,
weather data, ora combination thereof.

12. The method according to Claim 11, wherein the first drawer and the second drawer contain
the same data.

15 13 The method according to Claim 11, wherein the first drawer and the second drawer contain
different data.

14, A system for controlling a handheld computing device, comprising:
a Processor;
a first display in operative communication with the processor and operable to selectively

20  display a first drawer containing first data therein;

a second display in operative communication with the processor and operable to
selectively display second drawer containing second data therein; and,

at least one gesture sensor operable to receive a gesture input from a user;
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wherein upon receipt of said gesture input from a user, one or more of the first and second
drawers is displayed.
15. The system according to Claim 14, wherein a characteristic of the gesture input at least
partially determines which of the first and second drawers is displayed.
5 16. The system according to Claim 15, wherein the characteristic of the gesture input includes
a location with respect to the gesture sensor at which the gesture input is received.
17. The system according to Claim 16, further comprising a second gesture sensor, wherein
the characteristic of the gesture input further includes at which gesture sensor the gesture input is
received.
10 18 The system according to Claim 17, wherein the at least one gesture sensor and the second
gesture sensor are associated with a corresponding one of the first display and the second display.
19. The system according to Claim 18, wherein the first and the second drawers are both
displayed in response to the gesture input.
20. The system according to Claim 19, wherein a first screen in the first display is covered
15 when the first drawer is displayed and a second screen in the second display is covered when the
second drawer is displayed.
21. A method for controlling a handheld computing device, comprising:
operating the handheld computing device in a first state, wherein a first display is visible
from the perspective of a user, wherein the first display is operative to render a status portion;
20 disposing the handheld computing device in a second state, wherein the first display and a
second display are visible from the perspective of the user; and
modifying the status portion to be rendered on the first display and the second display in

response to the disposing step.
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22, The method according to Claim 21, wherein additional content is added to the status
portion in the second state.
23, The method according to Claim 22, wherein when in the second state, the status portion
comprises a unitary portion extending between the first and second displays.
24.  Ahandheld computing device, comprising:

a first display; and

a second display arranged with respect to the first display and positionable between a first
position and a second position with respect to the first display, wherein when in the first position
only one of the first display and the second display are viewable from the perspective of a user, and
when in the second position the first and the second display are viewable from the perspective of a
user,

wherein in response to change in position from the first position to the second position, a
status bar displayed on the first display is modified to be displayed on the first display and the
second display.
25. The device according to Claim 23, wherein more information is displayed on the status bar

when in the second position than when in the first position.
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USER INTERFACE WITH SCREEN SPANNING ICON MORPHING

RELATED APPLICATIONS
This application claims priority to U.S. Provisional Application Serial No. 61/389,000, filed
5 October 1, 2010, entitled "DUAL DISPLAY WINDOWING SYSTEM"; Provisional Application Serial
No. 61/389,117, filed October 1, 2010, entitied "MULTI-OPERATING SYSTEM PORTABLE
DOCKETING DEVICE"; and Provisicnal Application Serial No. 61/389,087, filed October 1, 2010,
entitled "TABLET COMPUTING USER INTERFACE". Each and every part of the foregoing
provisional applications is hereby incorporated by reference in their entirety.
10 BACKGROUND

As the computing and communication functions of handheld computing devices become
more powerful, the user interface and display elements of such devices have evolved by attempting
to adapt user interface regimes developed for personal computers for use with handheld computing
devices. However, this attempt to adapt prior user interface regimes has been met with various

15 hurdles.

For instance, the majority of current handheld computing devices make use of a physical
keypad for user interface. Many different implementations of physical keypads exist that vary in
origntation and relationship to the device screen. However, in every case the physical keypads
take up a certain percentage of the physical space of the device and increase the weight of the

20  device. Inaddition to the disadvantages of size and weight, physical keypads are not configurable
in the same manner as a touch screen based user interface. While certain limited forms of physical
keypads currently have, on the keys themselves, configurable displays, such as elnk or OLED
surfaces, to allow for reconfiguration of the keys, even in these cases, the physical layout of keys is
not modifiable. Rather, only the values associated with the physical keys on the keypad may be

25  changed.
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Other methods may provide increased user configurability of physical keypads. These
methods may include stickers and/for labels that can be added to keys to reference modified
functions or plastic overlays on top of the keypad denoting different functional suites. For instance,
the ZBoard keyboard, meant for laptop or desktop computer use, incorporates a dual layered
physical keyboard which separates the keys and their layout from the connections which send
signals to the machine. As such, different physical keyboard inserts for different applications can
be inserted into a holder allowing full configurability such that the orientation and layout of the keys
in addition to their denotation of function is configurable. This model could be extended to handheld
computing devices; however, the rate at which such a modular keypad can change functions is
much slower than a touch screen user interface. Furthermore, for each potential functional suite,
an additional physical key layout must be carried by the user, greatly increasing the overall physical
size and weight of such implementations. One advantage of a physical keypad for handheld
computing devices is that the user input space is exiended beyond the user display space such that
none of the keys themselves, the housing of the keys, a user's fingers, or a pointing device obscure
any screen space during user interface activities.

A substantial number of handheld computing devices make use of a small touch screen
display to deliver display information to the user and to receive inputs from the user. In this case,
while the configurability of the device may be greatly increased and a wide variety of user interface
options may be available to the user, this flexibility comes at a price. Namely, such arrangements
require shared screen space between the display and the user interface. While this issue is shared
with other types of touch screen display/user interface technology, the small form factor of
handheld computing devices results in a tension between the displayed graphics and area provided
for receiving inputs. For instance, the small display further constrains the display space, which may
increase the difficulty of interpreting actions or results while a keypad or other user interface

scheme is laid overtop or to the side of the applications in use such that the application is squeezed
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into an even smaller portion of the display. Thus a single display touch screen solution, which
solves the problem of flexibility of the user interface may create an even more substantial set of
problems of obfuscation of the display, visual clutter, and an overall conflict of action and attention
between the user interface and the display.

5 Single display touch screen devices thus benefit from user interface flexibility, but are
crippled by their limited screen space such that when users are entering information into the device
through the display, the ability to interpret information in the display can be severely hampered.
This problem is exacerbated in several key situations when complex interaction between display
and interface is required, such as when manipulating layers on maps, playing a game, or modifying

10 data received from a scientific application. This conflict between user interface and screen space
severely limits the degree to which the touch based user interface may be used in an intuitive
manner.

SUMMARY
A first aspect includes a method for controlling a handheld computing device including one

15 ormore displays. The method includes displaying an application in a first display condition. The
first display condition includes an icon in a first state corresponding to the first display condition.
The method further includes receiving a gesture input at a gesture sensor. For instance, the
gesture sensor may be a touch sensitive device, optical device (e.g., a camera), or other sensor
operable to detect user inputs in the form of a gesture. The method also includes modifying the

20 manner in which the application is displayed in response to the receiving step. The modifying step
includes changing the application to a second display condition such that the icon is in a second
state corresponding to a second display condition.

A second aspect includes a handheld computing device comprising a processor. The
device also includes a first display operable to display a first screen. The first display is in operative

25  communication with the processor. The device also includes a second display that is operable to
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display a second screen. The second display is also in operative communication with the
processor. The device also includes at least one gesture sensor operable to receive a gesture
input. The processor is operable to execute an application that is displayable on at least one of the
first display and the second display in response to the gesture input. The application includes an
icon indicative of a display status of the application with respect to the first and second displays.

A number of feature refinements and additional features are applicable to the first and
second aspects. These feature refinements and additional features may be used individually or in
any combination. As such, each of the following features that will be discussed may be, but are not
required to be, used with any other feature or combination of features of any of the aspects
presented herein.

In one embodiment, the icon may be changed in proportion to the relative position of the
application with respect to the first and second display. The first display condition may include
displaying the application in only a first display. In this regard, the modifying may include
expanding the application to occupy at least a first and second display. Additionally or alternatively,
the first display condition may include displaying the application in at least a first and second
display. Inthis regard, the modifying may include minimizing the application to occupy only ong of
the first and second displays.

The first and second dimension may define a first aspect ratio, and the third and fourth
dimension may define a second aspect ratio. In one embodiment, the first aspect ratio may be
different than the second aspect ratic. In this regard, the first dimension and the third dimension
may be equal. In one embodiment, the first dimension and the third dimension may be vertical
dimensions. In turn, the second dimension may correspond to a width of the application when
displayed in the first display, and the fourth dimension may correspond with the width of the

application when displayed in the first and the second display.
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In another embodiment, the modifying may include animating the change of the application.
As such, the animating may include the change of the icon from the first aspect ratio to the second
aspect ratio. The icon may be indicative of whether the application is expandable, whether the
application is expanded, or whether the application is expanding.

5 In yet another embodiment, the handheld computing device may be a smart phone. The
first display and second display may be positionable with respect to each other between an open
and closed position. In this regard, when in the open position, the first display and the second
display, may be concurrently visible from the vantage point of a user. In contrast, when in the
closed position, only one of the first display and the second display may be visible from the vantage

10 point of a user.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic view of an embodiment of a handheld computing device.
Figures 2A-D are graphical representations of an embodiment of a handheld computing
device in various instances of operation.
15 Figures 3A-K are graphical representations of an embodiment of a handheld computing
device provided in different positions, orientations, and instances of operation.
Figure 4 includes graphical representations of various gesture inputs for controlling a
handheld computing device.
Figures 5A-5C are graphical representations of an embodiment of a handheld computing
20 device during a progression wherein a screen is expanded into a second display.
Figures 6A-6B are schematic views of embodiments of a handheld computing device
provided with touch sensitive devices.
Figure 7 is a graphical representation of an embodiment of a gesture input.

DETAILED DESCRIPTION
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The present disclosure is generally related to gesture inputs for interaction with a
computing device. The interface controls are particularly suited for control of devices that have one
or more displays capable of displaying graphical user interfaces (GUIs) on a handheld portable
device. The following disclosure may, in various embodiments, be applied to other computing

5 devices capable of displaying and responding to a GUI (e.g., laptop computers, tablet computers,
desktop computers, touch screen monitors, etc.) and is not intended to be limited to handheld
computing devices unless otherwise explicitly specified.

Figure 1 depicts an embodiment of a handheld computing device 100. The handheld
computing device 100 may include a first display 102 and a second display 104. Additionally, while

10 two displays (102, 104) may be shown and described below with regard to the functionality of
various embodiments of handheld computing devices, a handheld computing device may be
provided that includes one or more displays. In any regard, the first display 102 and the second
display 104 may be independently controllable. The displays may be operative to display a
displayed image or "screen”. As used herein, the term "display” is intended to connote device

15  hardware, whereas "screen” is intended to connote the displayed image produced on the display.
In this regard, a display is a physical hardware that is operable to render a screen. A screen may
encompass a majority of the display. For instance, a screen may cccupy substantially all of the
display area except for areas dedicated to other functions (e.g., menu bars, status bars, etc.) A
screen may be associated with an application and/or an operating system executing on the

20 handheld computing device 100. For instance, application screens or deskiop screens may be
displayed. An application may have various kinds of screens that are capable of being manipulated
as will be described further below. In an embodiment, each display may have a resolution of 480
pixels by 800 pixels, although higher and lower resolution displays may also be provided.

A screen may be associated with an operating system, an application, or the like. In some

25 instances, a screen may include interactive features (e.g., buttons, text fields, toggle fields, etc.)
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capable of manipulation by way of a user input. The user input may be received by various input
devices (e.g., a physical keyboard, a roller ball, directional keys, a touch sensitive device, etc.). In
some instances, a screen may simply include graphics and have no ability to receive an input by a
user. In other instances, graphics features and input features may both be provided by a screen.
As such, the one or more displays of a handheld computing device, the screens displayed on the
ong or more displays, and various user input devices may comprise a GUI that allows a user to
exploit functionality of the handheld computing device.

The handheld computing device 100 may be configurable between a first position and a
second position. |n the first position, a single display (e.g., the first display 102 or the second
display 104) may be visible from the perspective of a user. Both displays 102, 104 may be
exposed on an exterior of the handheld device 100 when in the first position, but the displays 102,
104 may be arranged in a non-adjacent manner such that both displays 102, 104 are not
concurrently visible from the perspective of a user (e.g., one display may be visible from the front of
the device 100 and the other display may be visible from the back of the device 100).

The handheld computing device 100 may also be provided in the second position such that
the displays 102, 104 may be concurrently viewable from the perspective of a user (.g., the
displays 102, 104 may be positioned adjacent to one another). The displays 102, 104 may be
displayed in the second position such that the displays 102, 104 are arranged end-to-end or side-
by-side. Additionally, the displays 102, 104 may be arranged in a portrait orientation or a
landscape orientation with respect to a user. As will be discussed further below, a portrait
orientation is intended to describe an arrangement of the handheld computing device, wherein the
longer dimension of the display of the handheld computing device is vertically oriented (e.g., with
respect to gravity or the perspective of a user). A landscape orientation is intended to describe an
arrangement wherein the shorter dimension of the display of the handheld computing device is

vertically oriented (e.g., with respect to gravity or the perspective of a user). Furthermore, the
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longer dimension and shorter dimension may refer to each display individually or the combined
viewing area of the one or more displays of the device. Thus, when the individual displays are
arranged in a portrait orientation, the overall display area may be arranged in a landscape
orientation, and vice versa. Additionally, the displays and screens may be in different respective

5  orientations. For instance, when the displays are in a landscape origntation, one or more screens
may be rendered in a portrait orientation on the displays or vice versa.

The handheld computing device 100 may be manipulated between the first position (i.e., a
single display visible from a user's perspective) and the second position (.., at least two displays
concurrently visible from the user's perspective) in a variety of manners. For instance, the device

10 100 may include a slider mechanism such that the first and second displays 102, 104 are
disposable adjacent to one another in a parallel fashion in a second position and slideable to the
first position where only a single display is viewable and the other display is obscured by the
viewable display.

Alternatively, the device 100 may be arranged in a clam shell type arrangement wherein a

15 hinge is provided between the first display 102 and the second display 104 such that the displays
102, 104 are concurrently visible by a user when in the second position (i.e., an open position). The
displays 102, 104 may be provided on an interior clam shell portion or an exterior clam shell portion
of the device 100. In this regard, both displays 102, 104 may be visible from the front and the back
of the device, respectively, when the device is in the first position (i.e., the closed position). When

20 the device 100 is in the open position, the displays 102, 104 may be provided adjacent and parallel
to one another. Alternative arrangements of the handheld computing device 100 are contemplated
wherein different arrangements and/or relative locations of the displays may be provided when in
the first and second position.

In addition, the first display 102 and the second display 104 may be provided as entirely

25  separate devices. Inthis regard, a user may manipulate the displays 102, 104 such that they may
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be positioned adjacent to ane another (e.g., side-by-side or end-to-end). The displays 102, 104
may be in operative communication when adjacently positioned such that the displays 102, 104
may operate in the manner provided in greater detail below when adjacently positioned (e.g., via
physical contacts, wireless communications, etc.). A retention member (not shown) may be
provided to retain the separate displays 102, 104 in an adjacent position. For instance, the
retention member may include coordinating magnets, mechanical clips or fasteners, elastic
members, efc.

While the foregoing has referenced two displays 102 and 104, alternate embodiments of a
handheld device may include more than two displays. In this regard, the two or more displays may
behave in a manner in accordance with the foregoing wherein only a single display is viewable by a
user in a first position and multiple displays (i.e., more than two displays) are viewable in a second
position. Additionally, in one embodiment, the two displays 102 and 104 may comprise separate
portions of a unitary display. As such, the first display 102 may be a first portion of the unitary
display and the second display 104 may be a second portion of the unitary display. For instance,
the handheld computing device 100 (e.g., having a first and second display 102 and 104) may be
operatively connected to the unitary display (e.g., via a connector cr a dock portion of the unitary
display) such that the first display 102 and the second display 104 of the handheld computing
device 100 are emulated on the unitary display. As such, the unitary display may have first and
second portions corresponding to and acting in a similar manner to the first and second display 102
and 104 of the handheld computing device 100 described below.

The handheld computing device 100 may further include one or more input devices that
may be used to receive user inputs. These input devices may be operative to receive gesture
inputs from a user, and, accordingly, may be referred to generally as gesture sensors. A number of
different types of gesture sensors may be provided. Some examples include, but are not limited to

tradiitional input devices (keypads, trackballs, etc.), touch sensitive devices, optical sensors (e.g., a
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camera or the like), etc. The discussion contained herein may reference the use of touch sensitive
devices to receive gesture inputs. However, the use of touch sensttive devices is not intended to
limit the means for receiving gesture inputs to touch sensitive devices alone and is provided for
illustrative purposes only. Accordingly, any of the foregoing means for receiving a gesture input

5  may be used to produce the functionality disclosed below with regard to gesture inputs received at
touch sensitive devices.

In this regard, the handheld computing device 100 may include at least a first touch sensor
106. Furthermore, the handheld computing device may include a second touch sensor 108. The
first touch sensor 106 and/or the second touch sensor 108 may be touchpad devices, touch screen

10 devices, or other appropriate touch sensitive devices. Examples include capacitive touch sensitive
panels, resistive touch sensitive panels, or devices employing other touch sensitive technologies.
The first touch sensor 106 and/or second touch sensor 108 may be used in conjunction with a
portion of a user's body (e.g., finger, thumb, hand, etc.), a stylus, or other acceptable touch
sensitive interface mechanisms known in the art. Furthermore, the first touch sensor 106 and/or

15  the second touch sensor 108 may be multi-touch devices capable of sensing multiple touches
simultaneously.

The first touch sensor 106 may correspond to the first display 102 and the second touch
sensor 108 may correspond to the second display 104. In one embodiment of the handheld
computing device 100, the first display 102 and the first touch sensor 106 comprise a first touch

20 screendisplay 110. In this regard, the first touch sensor 106 may be transparent or translucent and
positioned with respect to the first display 102 such that a corresponding touch received at the first
touch sensor 106 may be correlated to the first display 102 (e.g., to interact with a screen rendered
on the first display 102). Similarly, the second display 104 and the second touch sensor 108 may
comprise a second touch screen display 112. In this regard, the second touch sensor 108 may be

25  positioned with respect to the second display 104 such that a touch received at the second touch
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sensor 108 may be correlated to the second display 104 (e.g., to interact with a screen rendered on
the second display 104). Alternatively, the first touch sensor 106 and/or the second touch sensor
108 may be provided separately from the displays 102, 104. Furthermore, in an alternate
embodiment, only a single gesture sensor may be provided that allows for inputs to control both the
first display 102 and the second display 104. The single gesture sensor may also be provided
separately or integrally with the displays.

In this regard, the first and second touch sensors 106, 108 may have the substantially
same footprint on the handheld computing device 100 as the displays 102, 104. Alternatively, the
touch sensors 106, 108 may have a footprint including less of the entirety of the displays 102, 104.
Further still, the touch sensors 106, 108 may include a footprint that extends beyond the displays
102, 104 such that at least a portion of the touch sensors 106, 108 are provided in non-overlapping
relation with respect to the displays 102, 104. As discussed further below, the touch sensors 10€,
108 may alternatively be provided in complete non-overlapping relation such that the footprint of the
touch sensors 106, 108 is completely different than the footprint of the displays 102, 104.

With reference to Figures 6A-6B, various potential arrangements are depicted for the first
display 102, the second display 104, and touch sensors 106", 106", and 108". In Figure 9A, the first
102 and second display 104 are arranged side-by-side such that a crease 196 separates the
displays. In this regard, the first display 102 and second display 104 may be arranged in a clam-
shell type arrangement such that the crease 196 includes a hinge that allows for pivotal movement
between the first display 102 and second display 104 as discussed above. A touch sensor 106’
may span the width of both the first display 102 and the second display 104. In this regard, the
touch sensor 106" may span the crease 196 without interruption. Alternatively, as shown in Figure
9B, separate touch sensors 106" and 108" may be provided on either side of the crease 196. In
this regard, each of the touch sensors 106" and 108" may span the width of each of the first display

102 and second display 104, respectively.
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In any of the arrangements shown in Figures 6A-B, the displays (102, 104) may also
comprise touch screen displays that may be used in conjunction with touch sensitive portions that
are provided separately from the touch screen displays. Thus, displays 102 and 104 may hoth
comprise touch screen displays and be provided in addition to touch sensitive devices 106", 106",

5 and 108" Accordingly, a combination of touch screen displays (e.g., 110, 112) and off display
touch sensors (e.g., 106", 106", 108") may be provided for a single device. Touch inputs may be
received at both a touch screen display (110, 112) and off display touch sensor (106", 106", 108").
In this regard, gestures received at an off screen display sensor may have a different functionality
than the same gesture received at a touch screen display. Also, a touch sensitive device may be

10 divided into a plurality of zones. The same gesture received in different zones may have different
functionality. Forinstance, a percentage (e.q., 10%, 25%, etc.) of the touch sensitive device at the
top or bottom of the display may be defined as a separate zone than the remainder of the touch
sensitive device. Thus, a gesture received in this zone may have a different functionality than a
gesture received in the remainder of the touch sensitive device.

15 The handheld computing device 100 may further include a processor 116. The processor
116 may be in operative communication with a data bus 114. The processor 116 may generally be
operative to control the functionality of the handheld device 100. For instance, the processor 116
may execute an operating system and be operative to execute applications. The processor 116
may be in communication with one or more additional components 120-134 of the handheld

20 computing device 100 as will be described below. For instance, the processor 116 may be in direct
communication with one more of the additional components 120-134 or may communicate with the
one or more additional components 120-134 via the data bus 114. Furthermore, while the
discussion below may describe the adaitional components 120-134 being in operative
communication with the data bus 114, in other embodiments any of the additional components 120-

25 134 may be in direct operative communication with any of the other additional components 120-
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134. Furthermore, the processor 116 may be operative to independently control the first display
102 and the second display 104 and may be operative to receive input from the first touch sensor
106 and the second touch sensor 108. The processor 116 may comprise one or more different
processors. For example, the processor 116 may comprise one or more application specific

5  integrated circuits (ASICs), one or more field-programmable gate arrays (FPGAS), one or more
general purpose processors operative to execute machine readable code, or a combination of the
foregoing.

The handheld computing device may include a battery 118 operative to provide power to
the various devices and components of the handheld computing device 100. In this regard, the

10 handheld computing device 100 may be portable.

The handheld computing device 100 may further include a memory module 120 in
operative communication with the data bus 114. The memory module 120 may be operative to
store data (e.g., application data). For instance, the memory 120 may store machine readable
code executable by the processor 116 to execute various functionalities of the device 100.

15 Additionally, a communications module 122 may be in operative communication with one
or more components via the data bus 114. The communications module 122 may be operative to
communicate over a cellular network, a Wi-Fi connection, a hardwired connection or other
appropriate means of wired or wireless communication. The handheld computing device 100 may
also include an antenna 126. The antenna 126 may be in operative communication with the

20 communications module 122 to provide wireless capability to the communications module 122.
Accordingly, the handheld computing davice 100 may have telephony capability (i.e., the handheld
computing device 100 may be a smartphone device).

An audio module 124 may alsc be provided in operative communication with the data bus
114, The audio module 124 may include a microphone and/or speakers. In this regard, the audio

25  module 124 may be able to capture audio or produce sounds. Furthermore, the device 100 may

Page 186 of 1192



WO 2012/044518 PCT/US2011/052822
14

include a camera module 128. The camera module 128 may be in operative communication with
other components of the handheld computing device 100 to facilitate the capture and storage of
images or video.

Additionally, the handheld computing device 100 may include an I/0 module 130. The I/O

5  module 130 may provide input and output features for the handheld computing device 100 such
that the handheld computing device 100 may be connected via a connector or other device in order
to provide syncing or other communications between the handheld computing device 100 and
another device (e.g., a peripheral device, another computing device etc.).

The handheld computing device 100 may further include an accelerometer module 132.

10 The accelerometer module 132 may be able to monitor the arientation of the handheld computing
device 100 with respect to gravity. In this regard, the accelerometer module 132 may be operable
to determine whether the handheld computing device 100 is substantially in a portrait crientation or
landscape orientation. The accelerometer module 132 may further provide other control
functionality by monitoring the orientation and/or movement of the handheld computing device 100.

15 The handheld computing device 100 may also include one or more hardware buttons 134.
The hardware buttons 134 may be used to control various features of the handheld computing
device 100. The hardware buttons 134 may have fixed functionality or may be contextual such that
the specific function of the buttons changes during operation of the handheld computing device
100. Examples of such hardware buttons may include, but are not limited to, a volume control, a

20 home screen button, an end button, a send button, a menu button, etc.

With further reference to Figures 2A-D, various screens of an embodiment of a device are
shown. multiple screens may be shown, only one or a subset of the multiple screens may be
shown on the displays of the device at any one moment. In this regard, a screen may be described
in a relative location to the displays or other screens (e.g., to the left of a display, to the right of a

25  display, under another screen, above another screen, etc.). These relationships may be logically
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established such that no physical display reflects the relative position. For instance, a screen may
be moved off a display to the left. While the screen is no longer displayed on the display, the
screen may have a virtual or logical position to the left of the display from which it was moved. This
logical position may be recognized by a user and embodied in values describing the screen (e.g.,
5  values stored in memory correspond to the screen). Thus, when referencing screens in relative
locations to other screens, the relationships may be embodied in logic and not physically reflected
in the display of the device.
Figures 2A-D may display a number of different screens that may be displayed at various
instances of operation of a handheld device and are not intended to be presented in any particular
10 order or arrangement. Single screen applications and multi screen applications may be provided.
A single screen application is intended to describe an application that is capable of producing &
screen that may occupy only a single display at a time. A multi screen application is intended to
describe an application that is capable of producing one or more screens that may simultaneously
occupy multiple displays. Additionally, a multi screen application may occupy a single display. In
15 this regard, a multi screen application may have a single screen mode and a multi screen mode.
A desktop sequence 136 is displayed in Figure 2A. The desktop sequence 136 may
include a number of individual desktop screens 138a-138f. Thus, each desktop screen 138 may
occupy substantially the entirety of a single display (e.g., the first display 102 or second display 104
of Figure 1). The desktop screens 138a-138f may be in a predetermined order such that the
20  desktop screens 138a-138f appear consecutively and the order in which the desktop screens
appear may not be reordered. However, the desktop screens 138a-138f may be sequentially
navigated (e.g., in response to a user input). That is, one or more of the desktop screens 138a-
138f may be sequentially displayed on a handheld device as controlled by a user input.
Additionally, Figure 2B displays a hierarchal application sequence 140 of a multi screen

25  application. The hierarchal application sequence 140 may include a root screen 142, one or more
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node screens 144, and a leaf screen 146. The root screen 142 may be a top level view of the
higrarchical application sequence 140 such that there is no parent screen corresponding to the root
screen 142. The root screen 142 may be a parent to a node screen 144. One or more node
screens 144 may be provided that are related as parent/children. A node screen may also serve as
a parent to a leaf screen 146. By leaf screen 146, it is meant that the leaf screen 146 has no
corresponding node screen 144 for which the leaf screen 146 is a parent. As such, the leaf screen
does not have any children node screens 144. Figure 2C depicts various single screen
applications 148a, 148b, and 148¢ arranged sequentially. Each of these single screen applications
may correspond to a different executing application. For instance, in Figure 2C Application 4,
Application 5, and Application 6 may be executing on the device and correspond to each single
screen 148a, 148b, and 148c, respectively.

Figure 2D also includes an empty view 166. The empty view 166 may be used during
transitions of a screen (e.g., movement of screen between a first display and a second display). It
is not necessary that the empty view 166 be interpretable by the user as an effective GUI screen.
The empty view 166 merely communicates to the user that an action regarding the screen (e.g., the
movement of the screen with respect to one or more displays) is occurring. An application
displaying an empty view 166 need not be able to rest, walt, process or interpret input. The empty
view 166 may display a screen, or a representation thereof, as it is being moved in proportion to the
amount of the screen that has been moved from a first display to a second display as will be
discussed in greater detail below. In this regard, the empty view 166 may be used to relate
information regarding the position of a screen during a transition of the screen (e.g., in response o
gesture). Anempty view 166 is only intended to refer to a screen not capable of receiving an input
(e.g., a screen in transition). In this regard, the display of an empty view 166 may include an
animation or the like showing the response of a screen as it is being moved or changed (e.g.,

modified into or out of a landscape mode).
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Figures 3A-K depict various arrangements and statuses of displays 102, 104 of a device
that are possible in various embodiments of a handheld computing device according to the present
disclosure. For instance, when in the first (e.g., closed) position, a closed front display 168 may be
visible as shown in Figure 3A. The closed front display 168 may correspond with the first display

5 102 or the second display 104. The closed front 168 as displayed may be occupied by a desktop
screen D1 138 as shown in Figure 3A. Alternatively, an application with a single screen or a multi
screen application in single screen mode may be displayed in the closed front 168. A closed back
display 170 may be viewable from an opposite side of the display when the device is in a closed
position, as shown in Figure 3B. The closed back 170 may display a different desktop screen or

10 application screen than the closed front 168 (e.g., as shown in Figure 3H) or may simply display an
empty view 166 (e.g., displaying an icon or other graphic) and lack functionality as an interface.

Figure 3C depicts a closed device in a landscape orientation 172a. In one embodiment, a
landscape mode (i.e., wherein the display is adjusted to display a screen in a landscape
origntation) may not be enabled as shown in Figure 3C. Alternatively, the landscape mode may be

15  enabled such that the screen (e.g., application screen 148) is modified when the device is sensed
in a landscape orientation 172b, such that the screen 148 is rendered in a landscape orientation as
shown at Figure 3D.

The device may further be provided in a second (e.g., open) position 174 as shown in
Figure 3E. In the open position 174, at least two displays 102, 104 are arranged such that the two

20 displays 102, 104 are both visible from the vantage point of a user. The two displays 102, 104 may
be arranged in a side-by-side fashion when in the open position 174. Thus, each of the two
displays 102, 104 may display separate screens. For instance, the displays 102, 104 may each
display a separate desktop screen 1384, 138b, respectively. While the individual displays 102 and
104 are in a portrait orientation as shown in Figure 3E, it may be appreciated that the full display

25  area (comprising both the first display 102 and the second display 104) may be arranged in a
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landscape orientation. Thus, whether the device as depicted in Figure 3E is in a landscape or
portrait orientation may depend on whether the displays are being used individually or collectively.
If used collectively as a unitary display, the device may be in a landscape orientation, whereas if
the displays are used separately, the orientation shown in Figure 3E may be referred to as a

5  portrait orientation.

Additionally, when the device is in an open position 174 as shown in Figure 3F, a similar
dependency with regard to the use of the screens as a unitary display or separate displays may
also affect whether the device is in a portrait orientation or landscape orientation. As can be
appreciated, each individual screen is in a landscape orientation, such that if the displays are used

10 separately, the device may be in a landscape orientation. If used as a unitary display, the device
may be in a portrait orientation. In any regard, as shown in Figure 3F, a single screen 148 may
occupy a first display 102 and the second display 104 may display a desktop screen 138. The
single screen 148 may be displayed in a landscape or portrait mode. Alternatively, a device in an
open orientation may display a multi screen application 156 that may occupy both displays 102,

15 104 in a portrait orientation as shown in Figure 3G such that the individual displays are in a
landscape orientation.

Figures 3I-K depict the potential arrangements of the screens of a multi screen application
152. The multi screen application 152 may, in one mode, occupy a single display 102 when the
device is in a closed position 168 as shown in Figure 3I. That is, the multi screen application 152

20  may be ina single screen mode. Alternatively, when the device is in an apen position as shown in
Figure 3J, the multi screen application 152 may still occupy a single display 102 in single screen
mode. Furthermore, the multi screen application 152 may be expanded to occupy both displays
102, 104 when the device is in the open position as shown in Figure 3K. In this regard, the multi
screen application 152 may also execute in a multi screen mode. Various options may be provided

25  for expanding the multi screen application 152 from a single screen mode to a multi screen mode.
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For example, the multi screen application 152 may be maximized from a single screen
mode displayed in a single display to two screens displayed in two displays such that a parent
screen is displayed in the first display and a node screen (e.g., a child screen) is expanded into the
second display. In this regard, each of the screens displayed in the first and second display may
be independent screens that comprise part of a hierarchical application sequence (.g., as shown
in Figure 2B). Alternatively, the single screen mode of the multi screen application may simply be
scaled such that the contents of the single screen are scaled to occupy both displays. Thus, the
same content displayed in the single screen is scaled to occupy multiple displays, but no additional
viewing area or graphics are presented. Further still, the maximization of the multi screen
application from a single screen mods 1o a multi screen mode may result in the expansion of the
viewable area of the application. For example, if a multi screen application is displayed in single
screen mode, upon maximization into multi screen mode, the viewable area of the multi-screen
application may be expanded while the scale of the graphics displayed remains the same. In this
regard, the viewable area of the multi-screen application may be expanded into the second display
while the scaling remains constant upon expansion.

In this regard, an application may have configurable functionality regarding the nature and
behavior of the screens of the application. For instance, an application may be configurable to be &
single screen application or a multi screen application. Furthermore, a multi screen application may
be configurable as to the nature of the expansion of the multi screen application between a single
screen mode and a multi screen mode. These configuration values may be default values that may
be changed or may be permanent values for various applications. These configuration values may
be communicated to the device (e.g., the processor 116) to dictate the behavior of the application
when executing on the device.

Figure 4 depicts various graphical representations of gesture inputs that may be

recognized by a handheld computing device. The gestures shown are demonstrative, and as such,



WO 2012/044518 PCT/US2011/052822

10

15

20

25

Page 193 of 1192

20

other gestures may be provided without limitation. Such gestures may be recsived at one or more
gesture sensors of the device. In this regard, various input mechanisms may be used in order to
generate the gestures shown in Figure 4. For example a stylus, a user's finger(s), or other devices
may be used to activate a touch sensitive device in order to receive the gestures. Alternatively, the
gestures may be detected by an optical device (e.g., a camera). The use of a gesture may
describe the use of a truncated input that results in functionality without the full range of motion
necessary to conventionally carry out the same functionality. For instance, movement of screens
between displays may be carried out by selecting and moving the screen between displays such
that the full extent of the motion between displays is received as an input. However, such an
implementation may be difficult to accomplish in that the first and second displays may comprise
separate display portions without continuity therebetween. As such, a gesture may truncate the full
motion of movement or provide an alternative input to accomplish the same functionality. Thus,
movement spanning the first and second display may be truncated so that the gesture may be
received at a single touch sensitive device. The use of gesture inputs is particularly suited to
handheld computing devices in that the full action of an input may be difficult to execute given the
limited input and display space commonly provided on a handheld computing device.

With reference to Figure 4, a circle 190 may represent a touch received at a touch sensitive
device. The circle 190 may include a border 192, the thickness of which may indicate the length of
time the touch is held stationary at the touch sensitive device. In this regard, a tap 186 has a
thinner border 192 than the border 192" for a long press 188. In this regard, the long press 188
may involve a touch that remains stationary on the touch sensitive display for longer than that of a
tap 186. As such, different gestures may be registered depending upon the length of time that the
touch remains stationary prior to movement.

A drag 176 involves a touch (represented by circle 190) with movement 194 in a direction.

The drag 176 may involve an initiating touch that remains stationary on the touch sensitive device
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for a certain amount of time represented by the border 192. In contrast, a flick 178 may involve a
touch with a shorter dwell time prior to movement than the drag as indicated by the thinner border
192" of the flick 178. Thus, again different gestures may be produced by differing dwell times of a
touch prior to movement. The flick 178 may also include movement 194. The direction of

5  movement 1% of the drag and flick 178 may be referred to as the direction of the drag or direction
of the flick. Thus, a drag to the right may describe a drag 176 with movement 194 to the right.

In an embodiment, a gesture having movement (e.g., a flick or drag gesture as described
above) may be limited to movement in a single direction along a first axis. Thus, while movement
in a direction different than along the first axis may be disregarded so long as contact with the touch

10 sensitive device is unbroken. In this regard, once a gesture is initiated, movement in a direction not
along an axis along which initial movement is registered may be disregarded or only the vector
component of movement along the axis may be registered.

While the directional gestures (e.g., the drag 176 and flick 178) shown in Figure 4 include
only horizontal motion after the initiation of the gesture, this may not be actual movement of the

15 touch during the gesture. For instance, once the drag 176 is initiated in the horizontal direction,
movement in a direction other than in the horizental direction may not result in movement of the
screen to be moved in the direction different and the horizontal direction. For instance, with further
reference to Figure 7, the drag 176 from left to right may be initiated with initial movement 204 from
left to right along an initiated direction 210. Subsequently, while the user may input an off direction

20 movement 206 in a direction different than the initiated direction 210. In this regard, the off
direction movement 206 may not result in any movement of a screen between two displays.
Furthermore, the user may input partially off direction movement 208, where only a vector portion of
the movement is in the direction of the initiated direction 210. In this regard, only the portion of the

partially off direction movement 208 may result in movement of a screen between displays. In
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short, the movement of application screens between the first display 102 and the second display
104 may be constrained along a single axis along which the displays are arranged.
The handheld computing device that is positionable such that a first display 102 and a
second display 104 are both visible from the vantage point of the user may allow for expansion of
5  applications to occupy both the first display 102 and the second display 104. This expansion may
be by a variety of techniques such as, for example, by way of receipt of a gesture or otherwise. In
that applications may include one or more screens or have screens that may be expanded across
multiple displays, it may be advantageous to provide an indication 1o a user as to whether the
application screen is expandable, has been expanded, or is in the process of expanding.

10 To this end, a screen may include an icon which indicates to a user the state of the screen
(e.g., be 1t in an expanded mode, unexpanded mode, or expanding mode). The icon may be
morphed along with the expansion of the application screen or application into another display.
Such an arrangement is depicted in Figures 5A-5C. In Figure 5A, an expandable multiscreen
application 156 is disposed in a first display 102. A first screen 156A of the application 156

15 occupies substantially all of the first display 102. Anicon 500, is provided on the first screen 156A
and may indicate to a user that the application 156 may be expanded. The icon 500 may be
located along a periphery of the first display 102. For instance, as shown, the icon 500 may be
arranged along a top portion of the display. The icon 500 may be provided adjacent to or
superimposed on a status bar 550. As shown, the icon 500 occupies a portion of the status bar

20 550 and the application screen 156A, however other embodiments may be provided wherein the
icon 500 is disposed wholly within the status bar 550, the application screen 156A, or in some other
fashion. The status bar 550 may provide data such as cellular signal strength, cellular carrier
information, services executing on the device, battery strength, time/date information, or other
appropriate information. In other embodiments, the icon 500 could be provided in other locations

25  such as along the bottom of the first display 102 or away from a peripheral edge of the display 102.
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The icon 500 may have a number of states that correspond with the condition of the
application 156. As such, icon 500 may be in a first state. In turn, icon 500" may correspond to the
icon 500 in a second state (e.g., wherein application 156 is in a second condition). Icon 500" may
represent icon 500 in a state between the first state and second state.

5 A second display 104 including a desktop screen 138 is also visible to a user. Upon
initiation of expansion of the application 156 into the second display 104, shown in Figure 5B, the
icon 500 may morph into icon 500" as the second screen 156B of application 156 begins to expand
into the second display 104. The expansion of application 156 into the second display may be
animated such that the second screen 156B of application 156 appears as though it is moving from

10 the first display 102 to the second display 104. With this animation, the icon 500 may morph to icon
500" and finally to icon 500" as shown in Figure 5C once the application 156 has expanded to
occupy the first display 102 and the second display 104. The icon 500" may extend across both
displays. This may additionally indicate to a user that the application 156 may be minimized to
occupy only the single display.

15 In this regard, the icon 500 may include a first dimension and a second dimension
comprising a first aspect ratio. Icon 500" may have a third dimension and a fourth dimension
comprising a second aspect ratio. In various embodiments, the first aspect ratio and second aspect
ratio may change or may remain constant upon expansion of the application 156. For example, the
first aspect ratio may change as the application 156 expands to occupy both displays until finally

20  theicon 500" is in a steady state, wherein the icon 500" defines the second aspect ratio. In this
regard, the first dimension and the third dimension of the icon 500 and 500", respectively, may be
the same. That is, icon 500 and 500" may share a common dimension in a first direction. For
instance, at the first dimension and the third dimension may comprise a height dimension.  In this
regard, the height of icon 500 may not change as it morphs to 500", however, the width of icon 500

25  may expand commensurately with the expansion of the application into the second display. In
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other embodiments, the height of the icons 500, 500', and 500" may also change (e.g., to maintain
a constant aspect ratio); however, such an instance is not shown.

When modifying the manner in which the application is displayed, the modifying may
include a stretching or expanding of the icon 500 into the second display 104 in proportion to the
expansion of the application 156. In this regard, the width (e.g., the first or third dimension) may be
proportionate to the width of the application 156 as it expands into the second display. That is, the
icon 500" may have a length corresponding to the width of screen 156A and any portion of the width
of screen 156B as it is expanded into the second display 104. As such, once fully expanded, icon
550" may have a width equal to the width of screens 156A and 156B combined (e.g., as a
continuous icon spanning both screens).

While the invention has been illustrated and described in detail in the drawings and
foregoing description, such illustration and description is to be considered as exemplary and not
restrictive in character. For example, certain embodiments described hereinabove may be
combinable with other described embodiments and/or arranged in other ways (e.g., process
elements may be performed in other sequences). Accordingly, it should be understood that only
the preferred embodiment and variants therecf have been shown and described and that all

changes and modifications that come within the spirit of the invention are desired to be protected.
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What is claimed is:

1 A method for controlling a handheld computing device including one or more
displays, comprising:

displaying an application in a first display condition, wherein the first display condition

5 includes anicon in a first state corresponding to the first display condition;

receiving a gesture input at a gesture sensor; and

modifying the manner in which the application is displayed in response to the receiving
step;

wherein the modifying step includes changing the application to a second display condition,

10 wherein the icon is in a second state corresponding to a second display condition.

2. The method according to Claim 1, wherein the icon is changed in proportion to the
relative position of the application with respect to the first and second display.

3. The method according to Claim 2, wherein the first display condition includes
displaying the application in only a first display, and wherein the modifying includes expanding the

15  application to occupy at least a first and second display.

4, The method according to Claim 1, wherein the first display condition includes
displaying the application in at least a first and second display, and wherein the modifying includes
minimizing the application to occupy only one of the first and second displays.

5. The method according to Claim 4, wherein the first and second dimension define a

20 first aspect ratio and the third and fourth dimension define a second aspect ratio.

6. The method according to Claim 4, wherein the first aspect ratio is different than the
second aspect ratio.

7. The method according to Claim 6, wherein the first dimension and the third

dimension are equal.

Page 198 of 1192



WO 2012/044518 PCT/US2011/052822
26

8. The method according to Claim 7, wherein the first dimension and the third
dimension are vertical dimensions.

9. The method according to Claim 8, wherein the second dimension corresponds to a
width of the application when displayed in the first display, and wherein the fourth dimension

5 coresponds with the width of the application when displayed in the first and the second display.

10.  The method according to Claim 9, wherein the modifying step includes animating
the change of the application.

11. The method according to Claim 10, wherein the animating includes the change of
the icon from the first aspect ratio to the second aspect ratio.

10 12. Ahandheld computing device, comprising:

8 processor;

a first display operable to display a first screen, the first display being in operative
communication with the processor;

a second display operable to display a second screen, the second display being in

15 operative communication with the processor; and

at least one gesture sensor operable to receive a gesture input;

wherein the processor is operable to execute an application that is displayable on at least
one of the first display and the second display in response to the gesture input, the application
comprising an icon indicative of a display status of the application with respect to the first and

20 second displays.

13. Adevice as recited in Claim 12, wherein the icon is indicative of whether the
application is expandable, whether the application is expanded, or whether the application is
expanding.

14, The device as recited in Claim 13, wherein the handheld computing device

25  comprises a smart phone.
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15.  The device as recited in Claim 14, wherein the first display and second display are
positionable with respect to each other between an open and closed position.
16.  The device as recited in Claim 15, wherein when in the open position, the first
display and the second display are visible from the vantage point of a user.
5 17. The device as recited in Claim 16, wherein when in the closed position, only one of

the first display and the second display are visible from the vantage point of a user.
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EXTENDED GRAPHICS CONTEXT WITH COMMON COMPOSITING
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This Application is a non-provisional of and claims the benefit of the filing date of
U.S. Provisional Application Nos. 61/389,117, filed Oct. 1, 2010, entitled “Multi-

5 Operating System Portable Docking Device™; 61/507,199, filed July 13, 2011, entitled
“Dockable Mobile Software Architecture™; 61/507,201, filed July 13, 2011, entitled
“Cross-Environment Communication Framework™; 61/507,203, filed July 13, 2011,
entitled “Multi-Operating System”; 61/507,206, filed July 13, 2011, entitled “Auto-
Configuration of a Docked System in a Multi-OS Environment™; and 61/507,209, filed

10 July 13, 2011, entitled “Auto-Waking of a Suspended Secondary OS in a Dockable
System,” wherein the entire contents of the foregoing priority applications are

incorporated herein by reference for all purposes.

BACKGROUND
[0002] 1. Field

15 [0003] This Application relates generally to the field of mobile computing environments,
and more particularly to supporting multiple user environments through the use of

multiple operating systems in a single mobile computing device.
|0004] 2. Relevant Background

[0005] Mobile computing devices are becoming ubiquitous in today’s society. For

20  example, as of the end of 2008, 90 percent of Americans had a mobile wireless device. At
the same time, the capabilities of mobile devices are advancing rapidly, including
smartphones that integrate advanced computing capabilities with mobile telephony
capabilities. Mobile providers have launched hundreds of new smartphones in the last
three years based upon several different platforms (e.g., Apple iPhone, Android,

25  BlackBerry, Palm, and Windows Mobile). In the U.S., smartphone penetration reached
almost 23% by the middle of 2010, and over 35% in some age-groups. In Europe, the
smartphone market grew by 41% from 2009 to 2010, with over 60 million smartphone

subscribers as of July 2010 in the five largest European countries alone.
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[0006] While smartphones are gaining in popularity and computing capability, they
provide a limited user experience. Specifically, they typically have an operating system
that is modified for mobile device hardware and a restricted set of applications that are
available for the modified operating system. For example, many smartphones run
Google’s Android operating system. Android runs only applications that are specifically
developed to run within a Java-based virtual machine runtime environment. In addition,
while Android is based on a modified Linux kernel, it uses different standard C libraries,
system managers, and services than Linux. Accordingly, applications written for Linux do
not run on Android without modification or porting. Similarly, Apple’s iPhone uses the
10S mobile operating system. Again, while 108 is derived from Mac OS X, applications
developed for OS X do not run on iOS. Therefore, while many applications are available
for mobile operating systems such as Android and 10S, many other common applications
for desktop operating systems such as Linux and Mac OS X are not available on the

mobile platforms.

[0007] Accordingly, smartphones are typically suited for a limited set of user experiences
and provide applications designed primarily for the mobile environment. In particular,
smartphones do not provide a suitable desktop user experience, nor do they run most
common desktop applications. As a result, many users carry and use multiple computing
devices including a smartphone, laptop, and/or tablet computer. In this instance, each

device has its own CPU, memory, file storage, and opcrating system.

[0008] Connectivity and file sharing between smartphones and other computing devices
involves linking one device (e.g., smartphone, running a mobile OS) to a second, wholly
disparate device (e.g., notebook, desktop, or tablet running a desktop OS), through a
wireless or wired connection. Information is shared across devices by synchronizing data
between applications running scparatcly on cach device. This process, typically called

“synching,” is cumbersome and generally requires active management by the user.

SUMMARY
[0009] Embodiments of the present invention are directed to providing the mobile
computing cxpcricnee of a smartphone and the appropriatc uscr cxperience of a sccondary
terminal environment in a single mobile computing device. A secondary terminal

environment may be some combination of visual rendering devices (e.g., monitor or
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display), input devices (e.g., mouse, touch pad, touch-screen, keyboard, etc.), and other
computing peripherals (e.g., HDD, optical disc drive, memory stick, camera, printer, etc.)
connected to the computing device by a wired (e.g., USB, Firewire, Thunderbolt, etc.) or
wireless (e.g., Bluetooth, WiFi, etc.) connection. In embodiments, a mobile operating
system associated with the user experience of the mobile environment and a desktop
operating system associated with the user experience of the secondary terminal

environment are run concurrently and independently on a shared kernel.

[0010] According to one aspect consistent with various embodiments, application
graphics for a first and second application, both compiled for and in active concurrent
execution within a first operating system, are maintained by iteratively performing steps
including cstablishing an cxtended rendering context of the first operating system having
a first context space of the extended rendering context associated with the first application
and a second context space of the extended rendering context associated with the second
application, the first and second context spaces being non-overlapping, calculating
updates to surfaces of the first application and the second application using the first
operating system, and rendering the updated surfaces using the first operating system to
generate an extended graphics frame in a shared memory location accessible by both the
first operating system and a second operating system running concurrently on a shared
kernel, such that a first portion of the extended graphics frame is associated with the first
context spacc and a second portion of the extended graphics frame is associated with the
second context space, and such that the updated surfaces of the first application are
rendered to the first portion of the extended graphics frame and the updated surfaces of

the second application are rendered to the second portion of the extended graphics frame.

[0011] According to other aspects consistent with various embodiments, the first portion
of the extended graphics frame associated with the first context spacc is displaycd to a
display of a first computing environment associated with the first operating system and
the second portion of the extended graphics frame associated with the second context
space from the shared memory location is displayed to a display of a second computing
environment associated with the second operating system. The first operating system may
be a mobile operating system and the second operating system may be a desktop

operating system. The second application may be incompatible with a graphics server of
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the second operating system. The second application may be an Android application and a

graphics server of the second operating system may be an X-windows graphics server.

[0012] According to other aspects consistent with various embodiments, the method may
include receiving, by a console application of the second operating system, a draw
notification indicating that the second portion of the extended graphics frame is available
at the shared memory location. Receiving the draw notification may include receiving a
file descriptor to the shared memory location. The draw notification may be received
through an inter-process communication channel. The method may include receiving, by
the console application, a reference to the shared memory location by mapping the file
descriptor to the process space of the console application. The method may further
includc accessing, by the console application, the sccond portion of the graphics frame

from the shared memory location through the reference.

[0013] According to other aspects consistent with various embodiments, the method may
include registering, in a graphics server of the first operating system, a console
application of the sccond operating system to rcceive draw notifications for the second
application. The rendering of the updated surfaces using the first operating system may

use hardware assisted rendering of the first operating system.

[0014] According to other aspects consistent with various embodiments, a mobile
computing device includes a first application and a second application in active
concurrent execution within a first operating system. A first graphics surface of the first
operating system is updated by the first application, and a second graphics surface of the
first operating system updated by the second application. The mobile computing device
further includes an extended rendering context of the first operating system, the extended
rendering context including a first context space associated with the first application and a
second context space of the extended rendering context associated with the second
application, the first and second context spaces being non-overlapping and a graphics
server of the first operating system that renders updated surface information of the first
surface and the second surface to generate an extended graphics frame in a shared
memory location accessible by both the first operating system and a sccond operating
system running concurrently on a shared kernel, such that a first portion of the extended

graphics frame is associated with the first context space and a second portion of the
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extended graphics frame is associated with the second context space, and such that
updated surfaces of the first application are rendered to the first portion of the extended
graphics frame and the updated surfaces of the second application are rendered to the

second portion of the extended graphics frame.

5 [0015] According to other aspects consistent with various embodiments, the mobile
computing device includes a console application running in the second operating system
that accesses the shared memory location to display the second portion of the extended
graphics frame on a display of a user environment associated with the second operating
system. A graphics server of the second operating system may be an X-windows type

10 graphics server and the second application may use a graphics library of the first
operating systcm that is incompatible with the X-windows typc graphics scrver of the
second operating system. The mobile computing device may include a first computing
environment associated with the first operating system, the first application displayed on

a display of the first computing environment.

15 BRIEF DESCRIPTION OF THE DRAWINGS
[0016] Embodiments of the present invention are illustrated in referenced figures of the
drawings, in which like numbers refer to like elements throughout the description of the

figures.

[0017] FIG. 1 illustrates a computing environment that provides multiple user computing

20  experiences, according to various embodiments.

[0018] FIG. 2 illustrates an exemplary system architecture for a mobile computing

device, according to various embodiments.

[0019] FIG. 3 illustrates an operating system architecture for a computing environment,

according to various embodiments.

25  [0020] FIG. 4 illustrates an exemplary computing environment employing various aspects

of embodiments.

[0021] FIG. 5 illustrates aspects of an operating system architecture for a computing

environment, according to various embodiments.

Page 215 of 1192
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[0022] FIG. 6 illustrates an exemplary boot procedure that may be used to configure an
operating system architecture of a mobile computing device in more detail, according to

various embodiments.

[0023] FIG. 7 illustrates an operating system architecture configuration for providing
cross-environment rendering ot applications and/or user interaction spaces, according to

various embodiments.

[0024] FIG. 8 illustrates a computing environment with multiple user environments,

according to various embodiments.

[0025] FIG. 9 illustrates aspects of cross-environment remote rendering, according to

various embodiments.

[0026] FIG. 10 shows a flow diagram of an illustrative method for cross-environment

remote rendering in a non-extended rendering context, according to various embodiments.

[0027] FIG. 11 illustrates a registration and drawing process flow for cross-environment

remote rendering, according to various embodiments.

[0028] FIG. 12 shows a flow diagram of another illustrative method for cross-
environment rendering in a non-extended rendering context, according to various

embodiments.

[0029] FIG. 13 illustrates operating system architecture configuration 300b for providing
user interaction support to cross-environment applications, according to various

embodiments.

[0030] FIG. 14 illustrates aspects of user interaction support for cross-environment
applications rendered using a non-extended graphics context, according to various

embodiments.

[0031] FIG. 15 illustrates aspects of concurrent user interface support across multiple

OSs using extended rendering contexts, according to various embodiments.

[0032] FIG. 16 shows a flow diagram of an illustrative method for cross-environment

remote rendering in an extended rendering context, according to various embodiments.
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[0033] FIG. 17 shows a flow diagram of another illustrative method for cross-
environment rendering in an extended rendering context, according to various

embodiments.

[0034] FIG. 18a illustrates a user environment that may be employed in cross-
environment rendering, in an extended rendering context, according to various

embodiments.

[0035] FIG. 18D illustrates an extended input queue that may be employed in cross-
environment rendering, in an extended rendering context, according to various

embodiments.

[0036] FIG. 19 illustrates a method for receiving input events that may be employed in
cross-environment rendering, in an extended rendering context, according to various

embodiments.

[0037] FIG. 20 shows a flow diagram of an illustrative method for cross-environment

rendering to provide a mirrored context, according to various embodiments.

[0038] FIG. 21 shows a flow diagram 2100 of another illustrative method for cross-

environment rendering to provide a mirrored context, according to various embodiments.

[0039] FIG. 22 illustrates aspects of cross-environment redirection, according to various

embodiments.

[0040] FIG. 23 illustrates a flow diagram of an illustrative method that may be employed

to perform aspects of cross-environment redirection, according to various embodiments.

[0041] FIG. 24 illustrates a flow diagram of another illustrative method that may be
employed to perform aspects of cross-environment redirection, according to various

embodiments.

DETAILED DESCRIPTION
[0042] Mobile telephony devices, (i.e., smartphones, handsets, mobile stations, portable
communication devices, etc.) that include computing capabilities are increasing in
popularity. Many of these smartphones include a mobile operating system (“OS”) running

on a mobile processor. While mobile processors and mobile OS’s have increased the

7
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capabilitics of these devices, smartphones have not tended to replace personal computer
(“PC”) environments (i.e., Windows, Mac OS X, Linux) such as desktop or notebook
computers at least because of the limited user experience provided. In particular, the user
interface device(s) found on smartphones are typically tailored to the mobile
environment. For example, smartphones typically use a small thumb-style QWERTY
keyboard, touch-screen display, click-wheel, and/or scroll-wheel as user interface
devices. Mobile OSs, as well as applications (i.e., “Apps”) developed for mobile OSs, are
typically designed for the constraints of the mobile environment including a mobile
processor and the user interface device(s) present on mobile devices. Therefore, many
applications that have been developed for PC operating systems are not available for
mobile OSs (i.e., are not compiled for and do not run on mobile OSs). In addition, for
some tasks such as typing or editing documents, a full-size keyboard and large display are

easier to use than the user interface components typically found on a smartphone.

[0043] Accordingly, users typically use separate computing devices for each computing
experience, including a smartphone, tablet computer, laptop computer, and/or desktop
computer. In this instance, each device has its own CPU, memory, file storage, and OS.
Connectivity and file sharing between smartphones and other devices involves linking
one device (e.g., smartphone, running a mobile OS) to a second, wholly disparate device
(e.g., notebook, desktop, or tablet running a desktop OS), through a wireless or wired
conncction. Tnformation is sharcd across devices by synchronizing data between
applications running separately on each device. This process, typically called *“synching,”

is cumbersome and generally requires active management by the user.

[0044] FIG. 1 illustrates a computing environment 100 that provides multiple user
computing experiences with a mobile device that includes multiple operating systems
associatcd with scparatc uscr intcraction spaccs (i.c., uscr cnvironments), according to
various embodiments. A first user interaction space 115 of computing environment 100
includes display(s) 116 and I/O devices 118 of mobile computing device 110. When
mobile computing device 110 is operated as a stand-alone mobile device, mobile OS 130
presents a typical mobile computing user experience through user interaction space 115.
The mobile computing experience provided by mobile OS 130 typically includes mobile
telephony capabilities and a graphical user interface (“GUI”) suited to user interaction

space 115 including display(s) 116 and I/O device(s) 118. For example, display(s) 116
8
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may be a touch-screen display(s) and application programs (i.e., “Apps”) running on
mobile OS 130 may be controlled primarily through a gesture-based GUI of mobile OS
130 using touch-screen display(s) 116.

[0045] In computing environment 100, mobile computing device 110 may be docked
with secondary terminal environment 140 that includes I/O devices 144, 146, and/or 148.
In embodiments, mobile computing device 110 is docked with secondary terminal
environment 140 by connecting port 120 of mobile computing device 110 to port 142 of
secondary terminal environment 140. In this instance, secondary terminal environment
140 presents a second user interaction space of computing environment 100. In some
instances, the second user interaction space may be more suited to a desktop computing
cxpericnce. In these instances, desktop OS 160 can be associated with sccondary terminal
environment 140 to provide the full capabilities of a notebook, tablet, or desktop

computer environment through the second user interaction space.

[0046] In embodiments, mobile OS 130 and desktop OS 160 run concurrently on a shared
kerncl on a processor of mobile computing deviee 110. Concurrent cxccution of a mobilce
OS and a desktop OS on a shared kernel is described in more detail in U.S. Patent
Application No.13/217,108, filed August 24, 2011, entitled “MULTI-OPERATING
SYSTEM,” herein incorporated by reference. In this way, a single mobile computing
device can provide a mobile computing experience through a first user interaction space
and a desktop computing experience through a second user interaction space. While the
ability to carry one mobile device that can execute multiple operating systems
concurrently through separate user interaction spaces solves a number of problems for a
user, each user interaction space (through the concurrently running mobile OS and
desktop OS) generally provides a separate set of available applications and user

functionality.

[0047] Embodiments of the invention are directed to facilitating apparent execution of an
application running in a first OS (e.g., mobile OS 130) within a second OS (e.g., desktop
OS 160), where the first and second OS are running concurrently on a shared kernel.
Notably, providing a uscr with input (c.g., input device) and output (c.g., display, audio,

etc.) support in a second OS for applications compiled for and running in a first (e.g.,
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incompatible) OS involves addressing a number of issues. Additional issues can arise

when handling display and interactivity of multiple applications running concurrently.

[0048] Consider, for example, that a first and second application are both compiled for
the first OS and are running concurrently on the first OS. However, a user desires to view
graphical output of the first application and to interact with that first application through
input/output devices associated with the first OS (e.g., using a touchscreen display of a
mobile computing environment), and to view graphical output of the second application
and to interact with that second application through input/output devices associated with
the second OS (e.g., using a display, keyboard, and mouse of a desktop computing
environment). Handling this scenario involves concurrent handling of graphics in
multiple display environments and concurrent processing of multiple input/output strcams

for separate applications all on separate (e.g., incompatible) operating systems.

[0049] Accordingly, embodiments provide various novel techniques for accessing
applications of a first OS within a user interaction space of a second OS, displaying
applications running in the first OS within thc user interaction spacc of the sccond OS,
and handling user interaction with those applications through the user interaction space of
the second OS. Embodiments include a console application of the second OS that

supports various display and user interaction features of cross-environment applications.

[0050] One set of embodiments provides techniques for concurrent user interface support
across multiple-OS computing environments using a so-called “non-extended” rendering
context. Another set of embodiments provides techniques for concurrent user interface
support across multiple-OS computing environments using a so-called “extended”
rendering context. Yet another set of embodiments provides techniques for concurrent
user interface support across multiple OSs using a so-called “mirrored” context. Yet
another set of embodiments provides access from the user interaction space of the second
OS to applications available on the first OS. Each of these sets of embodiments will be

described more fully below.

[0051] As described above, computing environment 100 provides multiple user
computing experiences through multiple user interaction spaces associated with a mobile
device running multiple operating systems concurrently. Specifically, because mobile
computing device 110 includes multiple OSs, where each OS is suited to a particular

10
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computing environment, mobile computing device 110 may be adapted with external I/O
devices to provide a broad range of user experiences with a single mobile computing
device. For example, a user may have a mobile computing device 110 and a secondary
terminal environment 140 that includes a keyboard, display, and/or pointing device(s) in a
laptop-type enclosure. When mobile computing device 110 is docked with this laptop-like
secondary terminal environment, the full capabilities of desktop OS 160 are available

through the secondary terminal environment 140.

[0052] FIG. 2 illustrates an exemplary hardware system architecture for mobile
computing device 110, according to various embodiments. Mobile computing device
hardware 112 includes mobile processor 114 that includes one or more CPU cores 204
and cxternal display interface 220. Generally, mobile computing device hardware 112
also includes I/O devices 118, memory 206, storage devices 208, touch-screen display
controller 210 connected to touch-screen display 116, power management 1C 214
connected to battery 216, cellular modem 218, communication devices 222, and/or other
devices 224 that are connected to processor 114 through various communication signals
and interfaces. I/O devices 118 generally includes buttons and other user interface
components that may be employed in mobile computing device 110. For example, /O
devices 118 may include a set of buttons, (e.g., back, menu, home, search, etc.), off-
screen gesture area, click-wheel, scroll-wheel, QWERTY keyboard, etc. Other devices
224 may include, for cxample, GPS dcvices, LAN conncctivity, microphoncs, spcakers,
cameras, accelerometers, and/or MS/MMC/SD/SDIO card interfaces. External display
interface 220 may be any suitable display interface (e.g., VGA, DVI, HDMI, etc.).

[0053] Processor 114 may be an ARM-based mobile processor. In embodiments, mobile
processor 114 is a mobile ARM-based processor such as Texas Instruments OMAP3430,
Marvcll PXA320, Freescale iMX51, or Qualcomm QSD8650/8250. However, mobile
processor 114 may be another suitable ARM-based mobile processor or processor based
on other processor architectures such as, for example, x86-based processor architectures

or other RISC-based processor architectures.

[0054] Whilc FIG. 2 illustrates onc exemplary hardwarc implementation 112 for mobile
computing device 110, other architectures are contemplated as within the scope of the

invention. For example, various components illustrated in FIG. 2 as external to mobile

11
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processor 114 may be integrated into mobile processor 114. Optionally, external display
interface 220, shown in FIG. 2 as integrated into mobile processor 114, may be external
to mobile processor 114, Additionally, other computer architectures employing a system
bus, discrete graphics processor, and/or other architectural variations are suitable for

employing aspects of the present invention.

[0055] FIG. 3 illustrates OS architecture 300 that may be employed to run mobile OS 130
and desktop OS 160 concurrently on mobile computing device 110, according to various
embodiments. As illustrated in FIG. 3, mobile OS 130 and desktop OS 160 are
independent operating systems. Specifically, mobile OS 130 and desktop OS 160 may
have independent and incompatible user libraries, graphics systems, and/or framework
laycrs. Functions and instructions for OS architccture 300 may be stored as computer
program code on a tangible computer readable medium of mobile computing device 110.
For example, instructions for OS architecture 300 may be stored in storage device(s) 208

of mobile computing device hardware 112,

[0056] In OS architecturc 300, mobilc OS 130 and desktop OS 160 run concurrently on
shared kernel 320. This means that mobile OS 130 and desktop OS 160 are running on
shared kernel 320 at the same time. Specifically, mobile OS 130 and desktop OS 160 both
interface to shared kernel 320 through the same kernel interface 322, for example, by
making system calls to shared kernel 320. Shared kernel 320 manages task scheduling for
processes of both mobile OS 130 and desktop OS 160. In this regard, mobile OS 130 and
desktop OS 160 are running independently and concurrently on shared kernel 320. In
addition, shared kernel 320 runs directly on mobile processor 114 of mobile computing
device hardware 112, as illustrated by hardware interface 312. Specifically, shared kernel
320 directly manages the computing resources of mobile computing device hardware 112
such as CPU scheduling, memory access, and 1/O. In this rcgard, hardwarc resources arc
not virtualized, meaning that mobile OS 130 and desktop OS 160 make system calls

through kernel interface 322 without virtualized memory or I/O access.

[0057] As illustrated in FIG. 3, mobile OS 130 has libraries layer 330, application
framcwork laycr 340, and application laycr 350. In mobile OS 130, applications 352 and
354 run in application layer 350 supported by application framework layer 340 of mobile
OS 130. Application framework layer 340 includes manager(s) 342 and service(s) 344

12
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that are used by applications running on mobile OS 130. For example, application
framework layer 340 may include a window manager, activity manager, package
manager, resource manager, telephony manager, gesture controller, and/or other
managers and services for the mobile environment. Application framework layer 340 may
include a mobile application runtime environment that executes applications developed
for mobile OS 130. The mobile application runtime environment may be optimized for
mobile computing resources such as lower processing power and/or limited memory
space. The mobile application runtime environment may rely on the kernel for process
isolation, memory management, and threading support. Libraries layer 330 includes user
libraries 332 that implement common functions such as I/O and string manipulation,
graphics functions, database capabilities, communication capabilities, and/or other

functions and capabilities.

[0058] As illustrated in F1G. 3, desktop OS 160 has libraries layer 360, framework layer
370, and application layer 380. In desktop OS 160, applications 382 and 384 run in
application layer 380 supported by application framework layer 370 of desktop OS 160.
Application framework layer 370 includes manager(s) 372 and service(s) 374 that are
used by applications running on desktop OS 160. For example, application framework
layer 370 may include a window manager, activity manager, package manager, resource
manager, and/or other managers and services common to a desktop environment.
Librarics layer 360 may includc uscr librarics 362 that implement common functions such
as I/O and string manipulation, graphics functions, database capabilities, communication

capabilities, and/or other functions and capabilities.

[0059] In various embodiments of the present disclosure, desktop OS 160 runs in a
separate execution environment from mobile OS 130. For example, mobile OS 130 may
run in a root cxecution environment and desktop OS 160 may run in a sccondary
execution environment established under the root execution environment. Processes and
applications running on mobile OS 130 access user libraries 332, manager(s) 342 and
service(s) 344 in the root execution environment. Processes and applications running on
desktop OS 160 access user libraries 362, manager(s) 372 and service(s) 374 in the

secondary execution environment.

13
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[0060] In embodiments, mobile OS 130 and desktop 160 are independent operating
systems with incompatible user libraries, graphics systems, and/or application
frameworks. Therefore, applications developed for mobile OS 130 may not run directly
on desktop OS 160, and applications developed for desktop OS 160 may not run directly
on mobile OS 130. For example, application 352, running in application layer 350 of
mobile OS 130, may be incompatible with desktop OS 160, meaning that application 352
could not run on desktop OS 160. Specifically, application 352 may depend on
manager(s) 342, service(s) 344, and/or libraries 332 of mobile OS 130 that are either not
available or not compatible with manager(s) 372, service(s) 374, and/or libraries 362 of

desktop OS 160.

[0061] As a result, mobile OS 130 and desktop OS 160 may have diffcrent scts of
available applications. In this regard, mobile OS 130 and desktop OS 160 of OS
architecture 300 provide separate user experiences through separate sets of applications
accessible through separate user interaction spaces. The user may access the applications
available on (i.e., compiled for and loaded within the execution environment of) mobile
OS 130 through a first user interaction space associated with mobile OS 130, and the
applications available on desktop OS 160 through a second user interaction space

associated with desktop OS 160.

[0062] As described above, mobile operating systems typically do not use the same
graphics environment as desktop operating systems. Graphics environments for desktop
OS’s were designed for flexibility and high performance. For example, the X-window
system, used by some desktop OSs, provides platform and network independence at the
expense of greater processing and system resources. In contrast, graphics environments
for mobile OSs are designed more for efficiency and the specific user input devices of a
mobile computing cnvironment and Icss for flexibility. Becausc the graphics
environments of mobile and desktop OS’s are often different, an application running on a
mobile OS may not be re-directed to display within a user space of a desktop OS by re-
directing the graphics information from the graphics server of the mobile OS to the

graphics server of the desktop OS.

[0063] The most widely adopted mobile OS is Google’s Android. While Android is based

on Linux, it includes modifications to the kernel and other OS layers for the mobile

14
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environment and mobile processors. In particular, while the Linux kermel is designed for a
PC (i.e., x86) CPU architecture, the Android kernel is modified for ARM-based mobile
processors. Android device drivers are also particularly tailored for devices typically
present in a mobile hardware architecture including touch-screens, mobile connectivity
(GSM/EDGE, CDMA, Wi-Fi, etc.), battery management, GPS, accelerometers, and
camera modules, among other devices. In addition, Android does not have a native X
Window System nor does it support the full set of standard GNU libraries, and this makes

it difficult to port existing GNU/Linux applications or libraries to Android.

[0064] Apple’s iOS operating system (run on the iPhone) and Microsoft’s Windows
Phone 7 are similarly modified for the mobile environment and mobile hardware
architccturc. For cxample, while i0S is derived from the Mac OS X desktop OS, common
Mac OS X applications do not run natively on iOS. Specifically, i0S applications are
developed through a standard developer’s kit (“SDK”) to run within the “Cocoa Touch”
runtime environment of 10S, which provides basic application infrastructure and support
for key 108 features such as touch-based input, push notifications, and system services.
Therefore, applications written for Mac OS X do not run on iOS without porting. In
addition, it may be difficult to port Mac OS X applications to i0S because of differences
between user libraries and/or application framework layers of the two OSs, and/or

differences in system resources of the mobile and desktop hardware.

[0065] In one embodiment consistent with OS architecture 300, an Android mobile OS
and a full Linux OS run independently and concurrently on a modified Android kemel. In
this embodiment, the Android OS may be a modified Android distribution while the
Linux OS (“Hydroid”) may be a modified Debian Linux desktop OS. FIGS. 4-6 illustrate
Android mobile OS 430, Android kernel 520, and Hydroid OS 660 that may be employed

in OS architecturc 300 in morc dctail, according to various cmbodiments.

[0066] As illustrated in FIG. 4, Android OS 430 includes a set of C/C++ libraries in
libraries layer 432 that are accessed through application framework layer 440. Libraries
layer 432 includes the “bionic” system C library 439 that was developed specifically for
Android to be smaller and faster than the “glibe” Linux C-library. Librarics laycr 432 also
includes inter-process communication (“IPC”) library 436, which includes the base

classes for the “Binder” IPC mechanism of the Android OS. Binder was developed
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specifically for Android to allow communication between processes and services. Other
libraries shown in libraries layer 432 in FIG. 4 include media libraries 435 that support
recording and playback of media formats, surface manager 434 that managers access to
the display subsystem and composites graphic layers from multiple applications, 2D and
3D graphics engines 438, and lightweight relational database engine 437. Other libraries
that may be included in libraries layer 432 but are not pictured in FIG. 4 include bitmap
and vector font rendering libraries, utilities libraries, browser tools (i.e., WebKit, etc.),

and/or secure communication libraries (i.e., SSL, etc.).

[0067] Application framework layer 440 of Android OS 430 provides a development
platform that allows developers to use components of the device hardware, access
location information, run background servicces, sct alarms, add notifications to the status
bar, etc. Framework layer 440 also allows applications to publish their capabilities and
make use of the published capabilities of other applications. Components of application
framework layer 440 of Android mobile OS 430 include activity manager 441, resource
manager 442, window manager 443, dock manager 444, hardware and system services
445, desktop monitor service 446, multi-display manager 447, and remote communication
service 448. Other components that may be included in framework layer 440 of Android
mobile OS 430 include a view system, telephony manager, package manager, location

manager, and/or notification manager, among other managers and services.

[0068] Applications running on Android OS 430 run within the Dalvik virtual machine
431 in the Android runtime environment 433 on top of the Android object-oriented
application framework. Dalvik virtual machine 431 is a register-based virtual machine,
and runs a compact executable format that is designed to reduce memory usage and
processing requirements. Applications running on Android OS 43() include home screen
451, cmail application 452, phonc application 453, browscr application 454, and/or othcr
application(s) (“App(s)”) 455.

[0069] The Android OS graphics system uses a client/server model. A surface manager
(“SurfaceFlinger”) is the graphics server and applications are the clients. SurfaceFlinger
maintains a list of display TD’s and kceps track of assigning applications to display 1D’s.
In one embodiment, mobile computing device 110 has multiple touch screen displays

116. In this embodiment, display ID 0 is associated with one of the touch screen displays
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116 and display ID 1 is associated with the other touch screen display 116. Display ID 2
1s associated with both touch screen displays 116 (i.e., the application is displayed on
both displays at the same time). Display ID’s greater than 2 are virtual displays, meaning
that they are not associated with a display physically present on mobile computing device
hardware 112.

[0070] Graphics information for Android applications includes windows, views, and
canvasses. Each window, view, and/or canvas is implemented with an underlying surface
object. Surface objects are double-buffered (front and back buffers) and synchronized
across processes for drawing, SurfaceFlinger maintains all surfaces in a shared memory
pool which allows all processes within Android to access and draw into them without
cxpensive copy operations and without using a server-side drawing protocol such as X-
Windows. Applications always draw into the back buffer while SurfaceFlinger reads from
the front buffer. SurfaceFlinger creates each surface object, maintains all surface objects,
and also maintains a list of surface objects for each application. When the application
finishes drawing in the back buffer, it posts an event to SurfaceFlinger, which swaps the
back buffer to the front and queues the task of rendering the surface information to the

frame buffer.

[0071] SurfaceFlinger monitors all window change events. When one or more window
change events occur, SurfaceFlinger renders the surface information to the frame buffer
for one or more displays. Rendering includes compositing the surfaces, 1.¢., composing
the final image frame based on dimensions, transparency, z-order, and visibility of the
surfaces. Rendering may also include hardware acceleration (e.g., OpenGL 2D and/or 3D
interface for graphics processing hardware). SurfaceFlinger loops over all surface objects

and renders their front buffers to the frame buffer in their Z order.

[0072] FIG. 5 illustrates modified Android kernel 520 in more detail, according to
various embodiments. Modified Android kernel 520 includes touch-screen display driver
521, camera driver(s) 522, Bluetooth driver(s) 523, shared memory allocator 524, IPC
driver(s) 525, USB driver(s) 526, WiFi driver(s) 527, I/O device driver(s) 528, and/or
power management modulc 530. 1/O device driver(s) 528 includes device drivers for
external I/O devices, including devices that may be connected to mobile computing

device 110 through port 120. Modified Android kernel 520 may include other drivers and
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functional blocks including a low memory killer, kernel debugger, logging capability,

and/or other hardware device drivers.

[0073] FIG. 6 illustrates Hydroid OS 660 in more detail, according to various
embodiments. Hydroid is a full Linux OS that is capable of running almost any
application developed for standard Linux distributions. In particular, libraries layer 662 of
Hydroid OS 660 includes Linux libraries that support networking, graphics processing,
database management, and other common program functions. For example, user libraries
662 may include the “glibc” Linux C library 664, Linux graphics libraries 662 (e.g.,

GTK, OpenGL, etc.), Linux utilities libraries 661, Linux database libraries, and/or other
Linux user libraries. Applications run on Hydroid within an X-Windows Linux graphical
cnvironment using X-Server 674, window manager 673, and/or desktop cnvironment 672.
Tlustrated applications include word processor 681, email application 682, spreadsheet

application 683, browser 684, and other application(s) 685.

[0074] The Linux OS graphics system is based on the X-windows (or “X11”) graphics
system. X-windows is a platform-independent, networked graphics framework. X-
windows uses a client/server model where the X-server is the graphics server and
applications are the clients. The X-server controls input/output hardware associated with
the Linux OS such as displays, touch-screen displays, keyboards, pointing device(s), etc.
In this regard, X-windows provides a server-side drawing graphics architecture, i.e., the
X-server maintains the content for drawables including windows and pixmaps. X-clients
communicate with the X-server by exchanging data packets that describe drawing
operations over a communication channel. X-clients access the X communication
protocol through a library of standard routines (the “Xlib"). For example, an X-client may
send a request to the X-server to draw a rectangle in the client window. The X-server
scnds input cvents to the X-clients, for cxample, keyboard or pointing device input,
and/or window movement or resizing. Input events are relative to client windows. For
example, if the user clicks when the pointer is within a window, the X-server sends a
packet that includes the input event to the X-client associated with the window that

includes the action and positioning of the event relative to the window.

[0075] Because of the differences in operating system frameworks, graphics systems,

and/or libraries, applications written for Android do not generally run on Hydroid OS 660
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and applications written for standard Linux distributions do not generally run on Android
OS 430. In this regard, applications for Android OS 430 and Hydroid OS 660 are not
bytecode compatible, meaning compiled and executable programs for one do not run on

the other.

[0076] In one embodiment, Hydroid OS 660 includes components of a cross-environment
communication framework that facilitates communication with Android OS 430 through
shared kernel 520. These components include IPC library 663 that includes the base
classes for the Binder IPC mechanism of the Android OS and remote communications

service 671.

[0077] In one embodiment, Hydroid OS 660 is run within a chrooted (created with the
‘chroot” command) secondary execution environment created within the Android root
environment. Processes and applications within Hydroid OS 660 are run within the
secondary execution environment such that the apparent root directory seen by these
processes and applications is the root directory of the secondary execution environment.
In this way, Hydroid OS 660 can run programs writtcn for standard Linux distributions
without modification because Linux user libraries 662 are available to processes running

on Hydroid OS 660 in the chrooted secondary execution environment.

[0078] Referring back to FIG. 3, mobile OS 130 and desktop 160 are in active concurrent
execution on shared kernel 320 on a mobile device. Mobile OS 130 and desktop OS 160
may be incompatible with regard to user libraries, graphics systems, and/or application
frameworks. Therefore, mobile OS 130 and desktop OS 160 have different sets of
available applications, meaning that at least some applications available on mobile OS
130 are not available on desktop OS 160 and vice-versa. Accordingly, mobile OS 130 and
desktop OS 160 of OS architecture 300 provide separate user experiences through
different sets of applications accessible through separate user interaction spaces. The user
may access the applications available on (i.e., compiled for and loaded within the
execution environment of) mobile OS 130 through the user interaction space associated
with mobile OS 130, and the applications available on desktop OS 160 through the user

intcraction spacc associatcd with desktop OS 160.

[0079] Embodiments of the present invention extend the functionality of OS architecture
300 to provide a more seamless computing experience in a multi-OS computing
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environment. Embodiments include cross-environment rendering of applications and/or
the user interaction space of a first operating system within a user interaction space of a
second operating system, even where the graphics environments of the first and second
operating systems are not compatible. Embodiments further include user-interaction
support of cross-environment applications, and accessing applications of the first
operating system from the user interaction space of the second operating system. This
functionality enables, for example, mobile OS applications, running on mobile OS 130, to
be displayed and interacted with through a user interaction space associated with desktop
OS 160. For example, while a user is interacting with desktop OS 160 through a user
interaction space associated with desktop OS 160, the user may wish to have access to a
particular application of mobile OS 130 that is not available for (i.e., is not compiled for
and does not run on) desktop OS 160. Using various embodiments disclosed below, the
user may access, display, and interact with an application compiled for and running on
mobile OS 130 through the user interaction space associated with desktop OS 160.
Notably, the embodiments provide cross-environment interaction support with any
application of thc maobile OS, mcaning that mobilec OS applications do not nced to be

modified to include specific cross-environment support to use the embodiments below.

[0080] To provide seamless cross-environment user interaction support for an application
and/or the user interaction space of a first OS (e.g., mobile OS 130) from within a user
interaction spacc of a sccond OS (c.g., desktop OS 160), it may be desirable for graphics
data of the application and/or the user interaction space (i.e., graphics context or active
display) to be rendered for display in the user interaction space of the second OS in real-
time. Real-time (or instant) rendering, in this context, means that graphics data of the
application is rendered to the user interaction space of the second OS fast enough that the
user can interact with the application without a noticeable or substantial reduction in
application performance due to delays associated with transferring the graphics
information. In this regard, the techniques for real-time (or instant) cross-environment
rendering, as described herein, provide for rapid transfer of graphics information, for
example, with a limited number of frame delays or other delays associated with copying
or transferring the graphics information from the first OS to the sccond OS. Howcver, it
does not mean that the graphics transfer does not take any time, and the cross-

environment rendering techniques disclosed herein may be considered instant or in real-
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time, even though a finite time period passes before the graphics information is displayed

on the user interaction space of the second OS.

[0081] To achieve cross-environment rendering of applications, a potentially large
amount of graphics data may be passed from the application running in the first operating
system to a graphics system of the second operating system. Existing mechanisms are not
capable of transferring the required graphics data without potentially affecting the display
update or frame rate. For example, transferring graphics data directly would not be
practical within the constraints of a mobile computing environment. Compression
techniques could be used to reduce the total amount of data to be transferred, but at the
cost of increased processing requirements to compress and de-compress the information.
Remote desktop-like systems could be used to pass vector graphics or graphics update
information, however, these are also typically slow when transferring large amounts of

graphics data or for rapidly changing graphics content.

[0082] FIG. 7 illustrates OS architecture configuration 300a, which may be employed to
provide cross-cnvironment rendering of an application and/or the user intcraction spacc of
a first OS within a user interaction space of a second OS, where the first and second OS
are running concurrently on a shared kernel and are associated with separate user
interaction spaces that include separate display devices, according to various
embodiments. Components of OS architecture configuration 300a allow applications
running on mobile OS 130 and/or the graphics context of mobile OS 130 to be rendered
within the user interaction space of desktop OS 160, where OS 130 and desktop OS 160
run concurrently on shared kernel 320. In various embodiments, an application is
displayed in a console window in the user interaction space of desktop OS 160 through
console application 782 of desktop OS 160. In one implementation, console application
782 is an X-windows typc application that is displaycd within the uscr intcraction spacc

of desktop OS 160 through an X-windows type graphics system of desktop OS 160.

[0083] In OS architecture configuration 300a, mobile OS 130 includes graphics server
734 that allocates and manages surface information (e.g., surfaces 726, 727, and 728) for
applications (c.g., application 752 and 754) of mobilc OS 130. Tn onc cmbodiment,
graphics server 734 allocates memory for graphics surfaces using anonymous shared

memory (i.e., named memory blocks shared between processes that the kernel is allowed
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to free). Graphics server 734 also allocates and tracks displays of mobile OS 130,
including displays that are integrated within mobile computing device hardware 112 (i.e.,
local displays) and so-called virtual displays through which applications of mobile OS
130 may be displayed remotely (i.e., within a user interaction space of another OS).
Mobile OS 130 may also include a window system for displaying multiple applications at
the same time on a display screen associated with mobile OS 130. In one embodiment,
mobile OS 130 includes a service that provides a remote communication channel for

access to components of mobile OS 130 from desktop OS 160.

[0084] OS architecture configuration 300a includes a first application 752 that is running
on mobile OS 130 and displayed within a first user interaction space associated with
mobile OS 130. OS architecturc configuration 300a includes a sccond application 754
that is also running on mobile OS 130, but is displayed within a second user interaction
space associated with desktop OS 160 through cross-environment rendering according to
embodiments described below. In one embodiment, application 754 is displayed within a
console window of the second user interaction space through console application 782

running on desktop OS 160.

[0085] Generally, applications of mobile OS 130 instantiate views through which the user
interacts with the application. For example, an application may have a single view that
makes up the application window. Within views, applications instantiate drawing objects
for specific areas of the application interface. The drawing objects may be called canvases
or drawing layers and are the objects through which the application draws graphics
information. When an application instantiates a canvas or layer, graphics server 734
allocates memory for the surface information associated with the canvas or layer and
returns the drawing object to the application, which the application then uses to draw
graphics information for the surfaces of the canvas or laycer. Graphics scrver 734 then
monitors the surface information and renders the surface information into the frame
buffer (e.g., frame buffer 716) when the surface information is updated. Typically, the
user also interacts with the application through the view objects. The view objects include
event listeners that are called by the mobile OS input queue 736 when actions are

performed by the user on the view object.
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[0086] As illustrated in OS architecture 300a, surfaces 726, 727, and/or 728 are allocated
by graphics server 734 in shared memory 724. Shared memory 724 is managed by shared
kernel 320 and is accessible by all processes running on mobile OS 130 and desktop OS
160. As described above, shared memory 724 may be named shared memory. While
named shared memory is accessible by all processes running on shared kernel 320, other
processes cannot access regions of named shared memory by name. Accordingly, a file
descriptor to regions of named shared memory must be passed through an inter-process
communication mechanism to pass a reference to named shared memory across process
boundaries. Shared kernel 320 also includes IPC driver 725, which allows processes in
mobile OS 130 and desktop OS 160 to communicate with one another across process
boundaries. IPC driver 725 may be, for example, a Unix domain socket driver, Android

Binder driver, and/or network socket driver.

[0087] Desktop OS 160 of OS architecture configuration 300a includes console
application 782 and window system 774. Console application 782 is compiled for and
runs on desktop OS 160, and is displayed within a console window in the user interaction
space associated with desktop OS 160. Window system 774 may include a window
manager, graphics server, and/or graphics device interface that provides the basis for
representing graphical objects and transmitting them to display devices through desktop
OS frame buffer 718. For example, window system 774 may display console application
782 within the uscr intcraction spacc of desktop OS 160 through desktop OS frame buffer
718. Window system 774 also provides input events from the user environment of
desktop OS 160 associated with console application 782 to console application 782. For
example, window system 774 may provide pointing device location or gesture
information from the user interaction space associated with desktop OS 160 to console

application 782.

[0088] In FIG. 7, memory blocks including shared memory 724, mobile OS frame buffer
716, and desktop OS frame buffer 718 are shown as located within shared kernel 320 for
case of illustration. However, these memory blocks are physically located in tangible
memory storage elements of mobile computing device 110 and managed by shared kernel
320. For example, these memory blocks may be located in RAM on processor 114, and/or
in RAM of memory device 206 of mobile computing device hardware 112 illustrated in
FIG. 2.
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[0089] OS architecture configuration 300a provides support for cross-environment
rendering of applications of a first operating system running on a shared kernel within a
user interaction space associated with a second operating system, where the first and
second operating systems run concurrently on the shared kernel. OS architecture
configuration 300a may be employed to provide support for cross-environment rendering
in a computing environment that provides multiple user computing experiences through
multiple user interaction spaces. For example, OS architecture configuration 300a may be

used in computing environment 100 as illustrated in FIG. 1.

[0090] FIG. 8 illustrates computing environment 800, according to various embodiments.
Computing environment 800 has a first user environment that includes touch-screen
display(s) 116 and other /O devices 118 of mobile computing device hardwarc 112. This
user environment presents a first user interaction space through which the user interacts
with mobile OS 130. A second user environment of computing environment 800 includes
display monitor 844, keyboard 846, and/or pointing device 848. User environment 840
may be connected to mobile computing device 110 through dock connector 841 and dock
cable 843. Dock connector 841 and dock cable 843 may include a port that interfaces
through dock interface 122 to port 120 of mobile computing device 110 as illustrated in
FIG. 1. In this regard, user environment 840 provides a docked secondary terminal
environment to mobile computing device 110. In computing environment 300, desktop
OS 160 may bc associated with docked sccondary terminal cnvironment 840 such that the
user can interact with desktop OS 160 through the user interaction space provided by
secondary terminal environment 840. While secondary terminal environment 840 is
illustrated as a typical desktop-type computing environment, desktop OS 160 may present
a second user interaction space through other types of computing environments, including

laptop, tablet, and/or other types of computing environments.

[0091] OS architecture configuration 300a may be used within computing environment
800 to provide cross-environment rendering of applications running on a first OS (i.e.,
mobile OS) and displayed within a user environment of a second OS (i.e., user
environment 840 associated with desktop OS 160). For example, application 754, running
on mobile OS 130, may be displayed within console window 882 on the user interaction
space 880 of desktop OS 160. Other windows within user interaction space 880, including

window 884 and 886, may be windows of other applications running on desktop OS 160.
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To the user, computing environment 800 provides a seamless computing experience for
application 754 because application 754 can be used within the user interaction space of
desktop OS 160 as if it was running on desktop OS 160, while in fact application 754 is

running on mobile OS 130.

[0092] FIG. § illustrates a desktop-like secondary terminal environment 840. In this
instance, the user may interact with an application and/or the user interaction space of the
mobile OS through console window 882 using keyboard 846 and mouse 848 (i.e., a
primarily pointing device-based GUI) of secondary terminal environment 840. However,
cross-environment rendering of an application and/or mirroring of the mobile OS user
interaction space may be used with other secondary terminal environments. For example,
desktop OS 160 could be associated with a tablct-like secondary terminal cnvironment
that includes a touch-screen display. In this instance, the user may interact with a cross-
environment application or mirrored user interaction space of mobile OS 130 in much the
same manner (i.c., a primarily gesture-based GUI) in which the user typically interacts

with the user interaction space of mobile OS 130.

[0093] As discussed above, embodiments of the invention are directed to providing
concurrent user interface support across cross-environment applications and/or a mirrored
user interaction space in a multiple-OS computing environment. In one example, user
interface support is provided for cross-environment applications to allow an application,
running on a first OS, to be displayed and interacted with through a user interaction space

of a second OS, substantially as if running natively on the second operating system.

[0094] Non-Extended Rendering Context Embodiments

[0095] Some embodiments handle concurrent user interface support across multiple OSs
without cxtending the graphics rendering context of the first operating system. The first
OS (e.g., the mobile OS, Android) is typically configured to define a single, active user
interaction space. The user interaction space includes an active display (e.g., with
associated characteristics, like resolution) and one or more active input devices for
allowing user interaction with the elements displayed on the active display. Accordingly,
the first OS establishes a rendering context through which it can render surface

information for applications that are running for display to the active display.
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[0096] As described above, however, novel techniques are described herein for
effectively fooling the first OS into concurrently handling multiple user interaction
spaces. Moreover, the techniques allow the multiple user interaction spaces to be
associated with different (e.g., incompatible) operating systems on multiple computing
environments. Some embodiments involve techniques for handling the display outputs
through cross-environment remote rendering. Other embodiments involve techniques for

handling the user interaction in those contexts.

[0097] In cross-environment remote rendering, application graphics for an application
running on the first OS and displayed within a computing environment associated with a
second OS are rendered from within the second OS. In one embodiment, a console
application, running on the sccond OS, accesscs surface information for the application
from shared memory and renders the application within a console window of the

computing environment associated with the second OS.

[0098] Suppose that a calendar application and a word processing application are both
compiled for and concurrcntly running on a first OS (c.g., mobile OS 130) on a mobilc
device. A second OS (e.g., a non-mobile OS, like desktop OS 160) is running
concurrently on the mobile device using a shared kernel. A user has docked the mobile
device with a second, desktop computing environment, and desires to interact with the
word processing application through that desktop computing environment. It is desirable
to handle the user interaction space of the desktop computing environment using the
second OS of the mobile computing environment (i.e., the mobile device) in a way that is

transparent to the user.

[0099] FIG. 9 illustrates aspects of cross-environment remote rendering, according to
various embodiments. In application rendering diagram 900 illustrated in FIG. 9, the first
application 910 (e.g., calendar application) calculates updates for a first surface 912
within the first OS. The first surface 912 is stored in a first memory location in a shared
memory space by the first operating system. For example, the first memory location may
be a region of named shared memory. The first application 910 updates the back buffer
914 of the first surfacc 912. Similarly, the sccond application 930 (c.g., word processing

application) calculates updates for a second surface 932 using the first OS. The second
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surface 932 is stored in a second memory location in the shared memory space (e.g., a

second region of named shared memory) by the first OS.

[0100] The first OS determines when to initiate a rendering sequence. For example, the
first OS may initiate a rendering sequence when surface information for surfaces 912
and/or 932 has changed. The first OS may perform a single loop over all surfaces,
including the first surface 912 and second surface 932, determining whether surface
information associated with particular applications has changed. In the rendering
sequence, if surface information for surface 912 has changed, the first OS swaps the front
buffer 916 and back buffer 914, such that the surface information that was in the back
buffer 914 is now in front buffer 916. The first operating system renders the first surface
912 into a third memory location 920 to create the final image 918 to be displaycd within

a first user interaction space associated with the first OS.

[0101] If surface information for the second surface 932 has changed, the first OS notifies
the second OS that the surface information for the second surface 932 has changed.
Specifically, the first OS sends a draw notification to a consolc application of the sccond
OS indicating that surface 932 has been updated through an inter-process communication
channel. The draw notification may include a file descriptor to the front image 936,
and/or other characteristics of the shared memory space for front image 936 including
buffer size, layer order, etc. The console application maps the file descriptor to its process
space to obtain a reference to the second memory location. Through the reference to the
second memory location, the console application of the second OS reads directly the
surface information from the front image buffer 936 and renders the surface information
for the front image 936 of the second surface 932 in a console window 940 within a
second user interaction space associated with the second OS. In this way, the console
application can render the sccond application 930 in the console window 940 in real-time
without copying a graphics frame or surface information across processes. Instead, the
console application reads the surface information directly by mapping the shared memory
of'the second surface 932 to its own process space using the file descriptor passed

through inter-process communication.

[0102] FIG. 10 shows a flow diagram 1000 of an illustrative method for cross-

environment remote rendering in a non-extended rendering context, according to various
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embodiments. Embodiments maintain display of application graphics for a first
application (e.g., the calendar application) and a second application (e.g., the word
processing application), both compiled for and in active concurrent execution within a

first operating system.

[0103] The method 1000 begins at block 1004 by calculating updates to surfaces of the
first application using the first operating system. Calculating updates to the surfaces may
involve using application data to determine which surfaces have changed and in what
ways. For example, user interaction may have caused some surfaces to change position,
order (e.g., one layer may be partially in front of another layer, completely hidden by

another layer, etc.), size, color, texture, etc.

[0104] At block 1008, these updated surfaces of the first application are rendered using
the first operating system to generate a first graphics frame in a first memory location. For
example, a rendering engine of the first OS previously established a rendering context
associated with a display. A graphics frame can then be rendered by iterating through the
updated surface information to cffcectively draw a full or partial image of visible portions
of surfaces from the first application according to characteristics (e.g., resolution) of the
display associated with the rendering context. This graphics frame is rendered to a first
memory location. The memory location can be frame buffer memory, shared memory, or

any other useful memory location.

[0105] In some embodiments, at block 1012, the rendered first graphics frame is
displayed from the first memory location to a display of a first computing environment
associated with the first operating system. For example, the first graphics frame is
rendered into a back buffer portion of the frame buffer of the mobile device.
Subsequently, the frame buffer flips (i.e., the back buffer portion becomes the front buffer
portion) and the now-front buffer portion of the frame buffer is displayed to the display of

the mobile device.

[0106] At block 1016, updates are calculated to surfaces of the second application using
the first operating system. This may be performed substantially identically to the
calculation of block 1004 for surfaces of the first application. Unlike with the updated
surface data of the first application, however, the updated surface information of the
second application is not rendered by the first OS. Rather, at block 1020, the updated
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surfaces of the second application are stored in a second memory location. The second
memory location is a shared memory location accessible by both the first and second

OSs, which are running concurrently on the shared kernel of the mobile device.

[0107] At block 1024, the updated surfaces of the second application are rendered using a
console application of the second operating system to generate a second graphics frame in
a third memory location. For example, console application 782 of FIG. 7 may render
updated surfaces of application 754 into frame buffer memory of the second OS (e.g.,
associated with the display of the second computing environment). In some embodiments,
at block 1028, the second graphics frame is displayed from the third memory location to a
display of a second computing environment associated with the second operating system.
For cxample, the display driver of the desktop computing cnvironment display accesscs
the frame buffer memory to access and display the second graphics frame. In certain
implementations, the console application also maintains a console interaction space, and
the second graphics frame is rendered into the console interaction space. For example, the
console application renders one or more windows on the desktop display, and the

graphics of the second application are displayed in one of those windows.

[0108] In some embodiments, the method 1000 iterates through the blocks to
concurrently maintain the graphics environments for both applications. For example, the
mobile OS calculates updates to the first application’s graphics and renders those updates
to mobile frame buffer memory; then the mobile OS calculates updates to the second
application’s graphics and stores those updates to shared memory, from where the
desktop OS’s console application renders those updates to desktop frame buffer memory;
then the method 1000 repeats with the next set of updates. Notably, some
implementations perform certain steps out of order and/or in parallel. For example, it may
be possible to calculatc updates to surfaces for the first and sccond applications at
substantially the same time (i.e., perform blocks 1004 and 1016 substantially in parallel),
though only a portion of those updated surfaces will be rendered locally (e.g., at block
1008) and the other portion of those updated surfaces will be stored for remote rendering

(e.g., at blocks 1020 and 1024).

[0109] In one embodiment, an Android mobile OS and a full Linux OS (e.g., Hydroid)

are running concurrently on a shared kernel on a mobile device. When an Android
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application is launched from Hydroid OS 660, a console application launches on Hydroid
OS 660 and requests that Android OS 430 launch the Android application and send draw
notifications for the Android application to the console application. Android OS 430
launches the Android application, associates the application with a virtual display ID and
registers the console application to receive draw notifications for the application. For
example, the Android graphics server (i.e., SurfaceFlinger) may allocate an unused virtual
display TD and associate the application with the virtual display ID through an application
object list. SurfaceFlinger allocates memory for surface information of the Android
application in shared memory and registers the console application to receive draw

notifications for the Android application.

[0110] When SurfaccFlinger determincs that the surface information is updated,
SurfaceFlinger sends a draw notification to the console application through an inter-
process communication channel. For example, SurfaceFlinger may send the draw
notification to the console application through a unix domain socket, Binder interface,
and/or network socket. The draw notification includes a file descriptor to the surface
information. The file descriptor may be generated by SurfaceFlinger based on a
namespace for a named shared memory region of the surface. The draw notification may
also include data format, buffer size, and surface position information. The console
application maps the file descriptor to its process space and reads from the shared
memory location through the mapped file descriptor. The console application then rendcers
the graphics frame for the application directly from the surface information. The rendered
graphics frame is then displayed by the desktop OS graphics system (i.e., through the X-
windows graphics system of Hydroid OS 660).

[0111] FIG. 11 illustrates a registration and drawing process flow 1100 for cross-
cnvironment remote rendering in more detail, according to various cmbodiments.
Initially, console application 1102, running on Hydroid OS 660, requests through IPC
channel 525 of shared kernel 520 at step 1106 that an Android application be started and
displayed within a user environment of Hydroid OS 660, or moved from a user
environment of Android OS 430 to a user environment of Hydroid OS 660. Android
requests from SurfaceFlinger 434 a virtual display 1D for the application, starts the
application, and sets parameters for the virtual display at steps 1108, 1110, and 1112. At
step 1114, Android returns the display ID to the console application through IPC channel
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525. At step 1116, the application requests a new surface, which SurfaceFlinger 434

creates by creating an instance of surface class 1104 at step 1118.

[0112] Console application 1102 instantiates a renderer object at step 1120, which
renders Android surface information through the X-window system of Hydroid OS 660.
At step 1122, console application 1102 registers a remotable interface of the renderer
object 1124 with SurfaceFlinger 434 to receive draw notifications for surface information
for the Android application. In one embodiment, the remotable interface of the renderer
object includes draw() and clear() methods that may be called through IPC channel 525.
At steps 1126 and 1128, SurfaceFlinger attaches the IPC object to the surface such that
the console application 1102 will be notified through the remotable interface when the

surface information has been updated.

[0113] Steps 1130 and 1132 are part of the render loop of process flow 1100. In the
render loop, SurfaceFlinger notifies console application 1102 that the surface information
is updated and passes a file descriptor to the surface information through IPC channel
525. For cxample, a draw method of the console application renderer may be called and
passed the file descriptor to the surface. Console application 1102 maps the file descriptor
to its process space and accesses the referenced shared memory location to read the
surface information and render the graphics frame to be displayed on a display of a

second computing environment associated with Hydroid OS 660.

[0114] FIG. 12 shows a flow diagram 1200 of another illustrative method for cross-
environment rendering in a non-extended rendering context, according to various
embodiments. As with the method 1000 of FI1G. 10, embodiments maintain display of
application graphics for a first application and a second application, both compiled for

and in active concurrent execution within a first operating system.

[0115] The method 1200 begins at block 1204 by establishing a first rendering context of
the first operating system. The rendering context may be unique to the display with which
it is associated. For example, implementations of the mobile OS can be associated with a
mobile device display having a certain resolution. The rendering context may be
established to match the resolution of the associated display, so that graphics will be
appropriately rendered for that resolution. At block 1208, the method 1200 calculates
updates to surfaces of the first application using the first operating system. As discussed
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above, calculating updates to the surfaces may involve using application data to

determine which surfaces have changed and in what ways.

[0116] The updated surfaces of the first application are then rendered using the first
operating system, at block 1212, to generate a first graphics frame in a first memory
location. Rendering typically involves converting graphical primitives into bits (e.g., a
bitmap) that form a graphics frame for display. For example, surface information defines
mathematically properties of each surface, including shape, size, color, layering order
(i.e., which other surfaces it is in front or in back of), transparency, etc. The rendering
engine of the OS can interpret the surface data to determine, at each location (e.g., “X, Y
location) in the rendering context, what bit to display as a function of rendering all the
surface information (c.g., using itcrative compositing, ray-tracing, and/or other
techniques). The updated surfaces of the first application can be rendered, using the first
rendering context, into a bitmap for storage into the first memory location (e.g., frame

buffer memory, shared memory, or any other useful memory location).

[0117] In somc embodiments, at block 1216, the first graphics frame is displaycd from
the first memory location to a display of a first computing environment associated with
the first operating system. For example, a display driver for the mobile device display
accesses associated frame buffer memory to display the bitmap generated in the first
rendering context. At block 1220, the first rendering context is disestablished (e.g., “torn

down™).

[0118] At block 1224, a second rendering context of the first operating system is
established. In some implementations, the second rendering context is identical to the first
rendering context. However, the second rendering context may also be established
according to characteristics of a display of the second computing environment (e.g., the
desktop display). Updates to surfaces of the second application are calculated using the
first operating system at block 1228. These updates are then rendered, at block 1232, in
the second rendering context of the first operating system to generate a second graphics
frame in a second memory location. Notably, the second memory location is a shared
memory location accessible by both the first operating system and the sccond operating

system, which are running concurrently on the shared kernel of the mobile device.
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[0119] In some embodiments, at block 1236, the second graphics frame is displayed from
the second memory location to a display of a second computing environment associated
with the second operating system. It is worth noting that, unlike in FIG. 10, both
applications’ updated graphics frames are rendered using the first OS’s rendering engine.
For example, the console application of the second OS can access the second, shared
memory location to directly retrieve a rendered bitmap for display to the second
computing environment’s display. At block 1240, the second rendering context is

disestablished.

[0120] In some embodiments, the method 1200 iterates through the blocks to
concurrently maintain the graphics environments for both applications. For example, the
mobilc OS iteratively cstablishes, uscs, and tcars down a rendering context for the first
application; then establishes, uses, and tears down a rendering context for the second
application. Using this technique, all the rendering can be performed by one OS (i.e., by
the rendering engine of the first OS), and there is no need to provide or use rendering
functionality of the other OS. However, the technique involves additional overhead

associated with repeatedly establishing and tearing down rendering contexts.

[0121] The above embodiments of cross-environment rendering describe how a graphics
frame for an application running on a first OS may be displayed within a console window
of a user interaction space of a second OS in a multi-OS computing environment using
non-extended rendering contexts. To support user interaction with such cross-
environment applications, embodiments redirect input events from the user interaction
space of the second OS to the first OS in such a way that cross-environment applications
receive input events as if coming from the user interaction space of the first OS (i.e., the
application receives the input events through the same event handlers and/or views
through which it would reccive uscr input if displaycd within the user intcraction spacc of

the first OS).

[0122] Referring back to FIGS. 7 and 8, desktop OS 160 is configured to provide a
second user interaction space through secondary terminal environment 84() suitable to a
desktop computing cxpericnce. As described above, application 752 may be displayed
within the user interaction space of mobile OS 130 while application 754, running on

mobile OS 130, is displayed in console window 882 of the second user interaction space
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through console application 782 running on desktop OS 160 using embodiments of cross-
environment rendering described above. Notably, applications 752 and 754 can be any
applications compiled for mobile OS 130, running within the mobile OS runtime
environment and accepting input events through the mobile OS framework without
modification for being displayed or interacted with remotely (not on the user interaction
space of mobile OS 130).

[0123] FIG. 13 illustrates OS architecture configuration 300b for providing user
interaction support to cross-environment applications, according to various embodiments.
In OS architecture configuration 300b, device drivers in shared kernel 320 implement the
hardware interfaces for /O devices 844, 846, and/or 848 that make up secondary terminal
cnvironment 840. Through the device drivers, input cvents for these devices appear in
devices 1364, 1366, and/or 1368 of /O devices 1360 of shared kernel 320. Because
system resources of shared kernel 320 are available to both mobile OS 130 and desktop
OS 160, mobile OS determines whether input events on input devices 1364, 1366, and/or
1368 are intended for mobile OS 130. When desktop OS 160 is configured to provide a
second user interaction space (i.e., mobile computing device 110 is docked to secondary
terminal environment 840), mobile OS 130 ignores input events from input devices
associated with the second user interaction space. In OS architecture configuration 300b,
mobile OS 130 ignores input events from devices 1364, 1366, and/or 1368. In this
instance, desktop OS 160 accepts input events from devices 1364, 1366, and/or 1368.

[0124] Desktop OS 160 processes input events from devices 1364, 1366, and/or 1368 and
determines how to distribute the events to various windows or GUI elements within
desktop OS 160. For example, window system 774 of desktop OS 160 may accept input
events from devices 1364, 1366, and/or 1368. In one embodiment, the graphics system of

desktop OS 160 is an X-windows graphics system.

[0125] In one instance, the user clicks a button of a pointing device at a screen location
within console window 882 of console application 782. A corresponding input event
appears in device 1368 and desktop OS 160 receives and processes the input event.
Window systcm 774 directs the input cvent to consolc application 782 through which
application 754, running on mobile OS 130, is displayed using embodiments of cross-

environment rendering. As described above, application 754 is a mobile application and
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instantiates views and other event handlers using libraries of mobile OS 130 that receive
input from the input queue 736 of mobile OS 130 to accept user input. To present the
input event to application 754 in such a way that application 754 will properly interpret
the input event, console application 782 maps the input event to the graphics context of
mobile OS 130 and passes the event to the input queue 736 of mobile OS 130 through
virtual input device 1370. Virtual input device 1370 appears to mobile OS 130 as an input
device with the proper input event protocol for mobile OS 130. Tn addition, input events
are formatted by console application 782 to be relative to the graphics context of mobile
OS 130. Mobile OS 130 associates virtual input device 1370 with application 754 such
that application 754 receives the input event from the mobile OS event queue. For
example, mobile OS 130 may associate virtual input device 1370 with the virtual display
ID of application 754. In this way, application 754 receives and processes the input event
just as if application 754 was displayed and interacted with through the user interaction

space of mobile OS 130.

[0126] FIG. 14 illustrates aspects of user interaction support for cross-environment
applications rendered using a non-extended graphics context, according to various
embodiments. The method 1400 begins at block 1402, when an input event is received
from an input device (e.g., keyboard 846, pointing device 848) connected to mobile
computing device 110. As described above, the input event may appear in an input device
in the shared kernel. At block 1404, the mobilc OS detcrmines whether mobile computing
device 110 is docked and the desktop OS is associated with the input device. For
example, if mobile computing device 110 is not docked with a secondary terminal
environment and the desktop OS is suspended, the mobile OS may determine that the
desktop OS is not associated with the input device. If the desktop OS is suspended or the
input device is not part of a secondary terminal environment associated with the desktop

08, the mobile OS accepts the input command from the input device at block 1406.

[0127] If the desktop OS is not suspended and the input device is part of a secondary
terminal environment associated with the desktop OS, the mobile OS ignores the input
event on the input device and the desktop OS accepts the input event at block 1408. At
block 1410, the desktop OS distributes the input event to the appropriate window or GUI
element within the desktop OS. If the input event is not directed to the console window,

the input event is directed to another window or GUI element at block 1412. If the input
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event is directed to the console window (e.g., the user clicks a pointing device within the
console window area), the input event is passed to the console application as an input

event at block 1414.

[0128] At block 1416, a virtual input device is generated for input events from the
console application. The virtual input device may be generated in the shared kernel or
input events may be written directly into the mobile OS input devices. At block 1418, the
console application maps the input event to the graphics context of the mobile OS. For
example, the console application may map the position of an input event within the
console window of the console application to the position within the graphics context of
the mobile OS. The console application may translate the input event for an input format
or input mode statc for the mobile OS. For cxamplc, an input format may be diffcrent
between the desktop OS and the mobile OS. Even with common input formats, the
desktop OS and mobile OS may have different input mode states. For example, the
desktop OS may be processing input events using a non-touch mode input state while the
mobile OS is in a touch mode input state. In this instance, an input event generated by a
pointing device in the desktop OS user interaction space may be translated to appear as a

gesture-based event in the virtual input device.

[0129] At block 1420, the virtual input device is associated in the mobile OS with the
virtual display device for the application displayed within the console window. For
example, multiple applications may be running on the mobile OS and displayed within
different console windows on the user interaction space of the desktop OS. Each
application displayed within a separate console window in the user interaction space of
the desktop OS is assigned a virtual display ID within the mobile OS. Therefore, when
the mobile OS receives an input event from a console application of the desktop OS
through a virtual device, the mobile OS can map the virtual device to the correct
application through the virtual display ID. At block 1422, the input event is passed to the
application associated with the virtual display and the application can process the input
event as if it occurred through a user interaction space of the mobile OS. Notably, the
above method works with any application of mobile OS 130, the application does not
need to be specially designed to accept input events through the console application of the

desktop OS.
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[0130] Extended Rendering Context Embodiments

[0131] Some embodiments handle concurrent user interface support across multiple OSs
by establishing extended rendering contexts within the first operating system. As
discussed above, the first OS (e.g., the mobile OS, Android) is typically configured to
define a single, active user interaction space with a single active rendering context. Novel
techniques are described herein for effectively fooling the first OS into concurrently
handling multiple user interaction spaces by tiling a number of so-called “context spaces™
into a single, extended rendering space and associating each context space with a different
display. Embodiments include techniques for handling the display outputs to multiple

user interaction spaces and techniques for handling the user interaction in those contexts.

[0132] Returning to the example discussed above with reference to the non-extended
rendering context embodiments, suppose again that a calendar application and a word
processing application are both compiled for a first OS (e.g., mobile OS, Android OS)
and are both running concurrently within the first OS on a mobile device. A second OS
(c.g., a non-mobilc OS, likc Hydroid) is running concurrently on the mobile device using
a shared kernel. A user has docked the mobile device with a second, desktop computing
environment, and the desktop computing environment is associated with and displaying
the user interaction space for the second OS. The user desires to interact with the word
processing application, running on the first OS, through the desktop computing
environment of the second OS. It is desirable to handle the user interaction space of the
desktop computing environment using the second OS of the mobile computing

environment (i.e., the mobile device) in a way that is transparent to the user.

[0133] FIG. 15 illustrates aspects of concurrent user interface support across multiple
OSs using extended rendering contexts, according to various embodiments. In application
rendering diagram 1500 illustrated in FIG. 15, the first application 1510 (e.g., calendar
application) calculates updates for a first surface 1512 within the first OS. The first
surface 1512 is stored in a first memory location in a shared memory space by the first
OS. Specifically, the first application 1510 updates the back buffer 1514 of the first
surfacc 1512. Similarly, the sccond application 1530 (c.g., word proccssing application)
calculates updates for a second surface 1532 using the first operating system. Again, the

updates by the second application 1530 to the second surface 1532 are made to the back
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buffer 1534. The second surface 1532 is stored in a second memory location in the shared

memory space by the first OS.

[0134] The first OS determines when surface information is changed and initiates a
rendering sequence. The first OS may perform a single loop over all surfaces, including
the first surface 1512 and second surface 1532, determining when surface information
associated with particular applications has changed. In the rendering sequence, the first
OS determines when surface information is changed and swaps the front buffer 1516 and
back buffer 1514 of the first surface 1512, and the front buffer 1536 and back buffer 1534
of the second surface 1532. The first OS establishes an extended rendering context 1520
in a third memory location in a shared memory space and renders the first surface 1512
into a first context space 1522 of the cxtended rendering context 1520. The first OS
renders the second surface 1533 into a second context space 1524 of the extended

rendering context 1520.

[0135] In embodiments, the extended rendering context 1520 may overlap in memory
spacc with the frame buffer of the first OS. For cxample, the memory location of the first
context space 1522 of the extended rendering context 1520 may be coextensive with the
frame buffer of the first OS. The first OS passes a notification to the second OS that the
final image is rendered at the third memory location. For example, the first OS may pass a
file descriptor to the shared memory location of the second context space 1524 of the
extended context 1520 to a console application of the second OS through an inter-process
communication channel. The second OS accesses the second portion of the extended
graphics context at the third memory location to retrieve the rendered graphics frame
1538 for display in the console window 1540 of the second OS. For example, the console
application of the second OS may map the file descriptor to its process space and read the
rendered graphics frame from the third memory location for display within the user
interaction space of the second OS. In this way, the second OS displays the rendered

graphics frame for the second application within its user interaction space in real-time.

[0136] FIG. 16 shows a flow diagram 1600 of an illustrative method for cross-
cnvironment rendering using an extended rendering context, according to various
embodiments. Embodiments maintain display of application graphics for a first

application (e.g., a calendar application) and a second application (e.g., a word processing
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application). It is assumed that both applications are compiled for and in active concurrent
execution within a first operating system (e.g., the Android OS), but that a user desires to
interact with the second application through a second computing environment associated
with a second OS. Notably, these techniques can be applied in environments where the
two OSs are incompatible (e.g., applications compiled for the first OS could not be
directly executed on the second OS). In some implementations, as described above, the
two OSs are running independently and concurrently on a shared kernel of the mobile

device.

[0137] The method 1600 begins at block 1604 by establishing an extended rendering
context of the first OS. As discussed above, the rendering context is typically established
according to charactcristics of a single, active display. However, the extended rendering
context is established to have a first context space associated with the first application and
a second context space associated with the second application. The first and second

context spaces are non-overlapping.

[0138] In some cmbodiments, the cxtended rendering context is gencrated by tiling the
active display of the local device (e.g., the display of the mobile device having the shared
kernel) and any virtual displays (i.e., displays of the first OS associated with console
windows displayed within the user interaction space of the second OS) to form what
looks to the first OS to be one, large display. Regions of the extended rendering context
are designated as non-overlapping context spaces to maintain their association with their
respective physical or virtual displays. Notably, in some implementations, different
context spaces may have different resolutions or other characteristics. Also, in certain
embodiments, context spaces are not contiguous. For example, the extended rendering
context is established in such a way that space is left between each context space that is

not assigned to any contcxt space.

[0139] At block 1608, updates are calculated to surfaces of the first application and the
second application using the first operating system. The updated surfaces are then
rendered using the first operating system, at block 1612, to generate an extended graphics
framc in a sharcd memory location accessible by both the first opcrating system and a
second operating system (e.g., which may be running concurrently on a shared kernel). A

first portion of the extended graphics frame is associated with the first context space
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(associated with the first application) and a second portion of the extended graphics frame
1s associated with the second context space (associated with the second application. When
the rendering occurs at block 1608, the updated surfaces of the first application are
rendered to the first portion of the extended graphics frame, and the updated surfaces of
the second application are rendered to the second portion of the extended graphics frame.
It is worth noting that, in this way, the extended graphics frame effectively includes

rendered surfaces of both applications tiled into their appropriate context spaces.

[0140] In some embodiments, at block 1616, the first portion of the extended graphics
frame associated with the first context space is displayed from the shared memory
location to a display(s) of a first computing environment associated with the first OS. For
cxample, as discusscd above, the shared memory location is frame buffer memory (or is
copied to frame buffer memory) of the mobile device, and a display device driver of the
mobile device accesses the frame buffer memory to display the first portion of the
extended graphics frame to its display(s). Further, in some embodiments, the second
portion of the extended graphics frame associated with the second motion space is
displayed, at block 1620, from the shared memory location to a display of a second
computing environment associated with the second operating system. For example, as
discussed above, the shared memory location is copied to frame buffer memory of the
second OS associated with the second (e.g., desktop) computing environment, and a
display dcvice driver displays the sccond portion of the extended graphics frame to a

display of the second computing environment.

[0141] In embodiments discussed with reference to FIG. 12, rendering for the second
application’s updated graphics is performed remotely by the second OS. In embodiments
discussed with reference to FIG. 15, rendering for both applications is performed locally
by the rendering cngince of the mobile device, but the rendering context is continually
established and disestablished. The embodiments discussed with reference to FIG. 16
allow rendering for both applications to be performed locally by the rendering engine of
the mobile device, while maintaining a single, albeit extended, rendering context (i.e.,

without disestablishing the rendering context).

[0142] FIG. 17 shows a flow diagram 1700 of another illustrative method for cross-

environment rendering using an extended rendering context, according to various

40



WO 2012/044645 PCT/US2011/053585

10

15

20

30

Page 251 of 1192

embodiments. As in the method 1600 of FIG. 16, embodiments maintain display of
application graphics for a first application and a second application that are both compiled
for and in active concurrent execution within a first operating system. The method 1700
begins by establishing an extended rendering context of the first operating system at
block 1704 and calculating updates to surfaces of the first application and the second
application using the first operating system at block 1708. As discussed above, the
extended rendering context is established to have a first context space associated with the
first application and a second context space associated with the second application. The
first and second context spaces are non-overlapping. In some implementations, blocks
1704 and 1708 are performed in a substantially identical manner to blocks 1604 and
1608, respectively.

[0143] At block 1712, the updated surfaces of the first application are rendered according
to the first context space using the first operating system to generate a first graphics frame
in a frame buffer of the first operating system. For example, the first context space may
be associated with a particular resolution, particular tiling offsets (e.g., starting “X”
position), etc. In some implementations, the first graphics frame is generated in a
substantially identical manner to generation of the respective portion of the extended
graphics frame in the method 1600 of FIG. 16. In some embodiments, at block 1716, the
first graphics frame associated with the first context space is displayed from the frame
buffer to a display of a first computing cnvironment associated with the first operating

system.

[0144] At block 1720, the updated surfaces of the second application are rendered using
the first operating system to generate a second graphics frame in a shared memory
location. As discussed above, the shared memory location is accessible by both the first
operating system and a sccond operating system (c.g., which may be running concurrently
on a shared kernel). In some embodiments, at block 1724, the second graphics frame
associated with the second motion space is displayed from the shared memory location to
a display of a second computing environment associated with the second operating

system,

[0145] Notably, the embodiments of both FIGS. 16 and 17 establish extended rendering

contexts with context spaces for each application. However, while the method 1600 of
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FIG. 16 renders all the graphics updates into a single extended bitmap, the method 1700
of FIG. 17 renders the graphics updates into separate bitmaps. One or the other technique
may be desirable, for example, depending on how memory is being managed and/or

accessed.

[0146] As with the embodiment of FIG. 12, in the embodiments of FIGS. 16 and 17 both
applications’ updated graphics frames are rendered using the first OS’s rendering engine.
Using the first OS’s rendering engine allows both applications to use hardware
acceleration capabilities of the mobile device that are available in the first OS. For
example, in the embodiments of FIGS. 12, 16, and/or 17, either or both of the first and the
second application may be rendered by the first OS using 2D or 3D hardware-assisted

rendering.

[0147] Remote display of a graphics frame for an application running on a first OS (i.e.,
mobile OS, Android) using an extended rendering context provides a way for the first OS
to provide rendering for multiple applications for display within multiple user interaction
spaccs using a singlc rendering context. However, an cxtended rendering context crcates
issues for handling input events for applications displayed through the extended rendering
context. Specifically, the input queue of the first OS must be configured to handle
multiple input events from multiple applications displayed through separate virtual

displays of an extended rendering context.

[0148] Embodiments of cross-environment user interaction support are directed to
handling user input events for multiple applications running on a first OS and displayed
on multiple separate user interaction spaces (i.e., the mobile device user interaction space
and a desktop OS user interaction space) through an extended rendering context of the
first OS. Embodiments include an extended input queue where input events from virtual
input devices for remotely displayed applications are mapped to separate motion spaces
within the input queue. For example, a first application (e.g., calendar application) is
running on a first OS and is being displayed to a first display associated with the first
device (e.g., the display of the mobile device on which the first OS is running). A second
application (c.g., word proccssing application) is also running concurrently with the first
application, but is rendered within a context space (i.e., virtual display) of the extended

rendering context and displayed on a second user interaction space of a second OS
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running concurrently with the first OS on a shared kerel of a mobile device. The first OS
renders a graphics frame through an extended rendering context that includes both
application graphics for the first application in the first context space (i.e., the mobile
device display) and the second application in the second context space. The second
context space is displayed on a user interaction space of the second OS through a console

application running on the second OS.

[0149] Input events for applications displayed remotely through an extended rendering
context are received by the second OS (i.e., desktop OS, Hydroid) and passed to a virtual
input device by the console application of the second OS in the same manner as described
above for non-extended graphics contexts. However, as described above, the input events
reecived in the mobile OS from the virtual input device arc relative to the console
window displayed within the user interaction space of the second OS. Virtual input
devices are mapped to motion spaces within the extended input queue that are associated
with virtual displays corresponding to remotely displayed applications. The extended
input queue allows the first OS to correctly process input from multiple local and virtual
input devices intended for multiple concurrently executing applications using a single

input queue.

[0150] FIGS. 18a and 18b illustrate aspects of user interaction support for cross-
environment applications using an extended rendering context, according to various
embodiments. FIG. 18a illustrates a user interaction space 1810 that is remotely
displaying applications running on a first OS (e.g., the GUI of the second OS displaying
applications running in the first OS). For example, first, second, and third applications
may be running on the first OS (i.e., in active concurrent execution with the first OS). The
first OS may display the first, second, and third applications within a first, second, and
third context space of an cxtended rendering context of the first OS according to
embodiments described above. Console windows 1812 and 1814 in user interaction space
1810 may be displaying the second application and the third application running in the

first OS, respectively.

[0151] FIG. 18b illustrates an cxtended input queuc 1840 of the first OS that provides
user interaction support for each application running on the first OS. The extended input

queue 1840 includes a first motion space 1842, a second motion space 1844, and a third
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motion space 1846. The first motion space is associated with the first context space of the
extended rendering context of the first OS, which is typically used to render a non-virtual
display 1852 of the first OS (i.c., the context space associated with display(s) 116 of
mobile computing device 110). The second and third motion spaces are associated with
virtual displays 1854, 1856, which are rendered through the second and third context

spaces, respectively.

[0152] When an input event occurs that is directed to a console window of a remotely
displayed application, the input event is directed to the motion space associated with the
virtual display through which the application is displayed. For example, if the user clicks
with a pointing device within console window 1812 of user interaction space 1810, as
indicated by input cvent 1820, the window system of the sccond OS directs the input
event to the console application associated with console window 1812. The console
application maps the input event to a virtual input device as described above. However,
the input event is relative to the console window 1812. If the input event is fed directly to
the input queue of the first OS, the input event would not be directed to the correct
application event handler. Therefore, the input event 1820 from the virtual input device is
remapped to the second motion space 1844. In this way, the extended input queue directs
the input event to event handlers of the second application which receive and process the

input event 1820.

[01533] In embodiments, virtual displays are offset within the mobile OS input queue. For
example, in FIG. 18b, virtual displays 1854 and 1856 are offset by virtual display offset

1858 within the mobile OS input queue 1840. Virtual display offset 1858 prevents virtual
displays from appearing adjacent within the input queue, which may cause an input event
intended for one virtual display from being interpreted within a motion space associated

with a diffcrent application. The virtual display offsct should be large enough never to be
used as an actual virtual display resolution parameter. In one embodiment, virtual display

offset 1858 is selected to be 10000 pixels.

[0154] FIG. 19 illustrates a method 1900 for receiving input events for cross-environment
applications displayced through an extended rendering context, according to various
embodiments. For example, method 1900 may be used to process input events for a first

application and a second application running within a first OS, the first application
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displayed locally on the user interaction space of the first OS and the second application
displayed remotely in a user interaction space of a second OS through an extended

rendering context of the first OS.

[0155] Method 1900 begins at block 1902, when a first user input is received in a first
OS, a first application and a second application in active concurrent execution within the
first OS, the first application displayed within a first user environment associated with the
first OS and the second application displayed within a second user environment
associated with a second OS, the first and second operating systems running concurrently
on a shared kernel, the first OS maintaining application graphics for the second
application by rendering a graphics frame for the second application through a first virtual
display of an cxtended rendering context. At block 1904, the first OS cstablishes an
extended input queue that includes a first motion space and a second motion space, the
second motion space corresponding to the first virtual display. For example, the first
operating system allocates the first virtual display for the second application, establishes
an extended rendering context having a first context space and a second context space,
associates the first virtual display with the second context space, and renders a graphics
frame for the second application through the second context space of the extended

rendering context using the techniques described above.

[0156] At block 1906, a first user input event is received by the first OS at a first virtual
input device from a first console application running in the second OS that is displaying
the rendered graphics frame for the second application through the second OS. At block
1908, the first virtual input device is mapped to the second motion space of the extended
input queue of the first operating system. Mapping the first virtual input device to the
second motion space allows the extended input queue of the first OS to correctly associate
input cvents from the first virtual input device to cvent handlers within views of the
second application. Specifically, when the input event is mapped to the second motion
space, the first OS will treat the input event as occurring at a location associated with the
second application in the extended input queue. At block 1910, the first OS passes the
first user input event to the second application from the mapped first virtual input device.
The extended input queue uses the tiled nature of the extended rendering context to

enable the input queue to handle multiple input events from multiple user interaction
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spaces and direct the input events to the appropriate event handlers of the intended

applications.

[0157] Mirrored Context Embodiments

[0158] Embodiments of the extended and non-extended rendering contexts are described
above in the context of maintaining concurrent user interaction space support across
multiple applications over multiple operating systems. Tn many instances, it is desirable to
mirror the context for a single user interaction space. It is desired to view and interact
with the first OS (i.e., to “mirror” the interaction space) concurrently in a second
computing environment associated with a second OS (e.g., a desktop environment
associated with Hydriod OS). Through the mirrored user interaction space, the user can
interact with the first OS as if interacting through the local device (i.e., the user can
browse available applications, start and stop applications, use the search capabilities of
the first OS, etc.).

[0159] The first OS (e.g., the mobile OS, Android) is typically configured to define a
single, active user interaction space. The user interaction space includes an active display
(e.g., with associated characteristics, like resolution) and one or more active input devices
for allowing user interaction with the elements displayed on the active display. Novel
techniques are presented for using cross-environment rendering to provide one or more
mirrored user interaction spaces across multiple OSs. As discussed above, embodiments
operate even where the multiple OSs are incompatible and/or are running independently

and concurrently on a shared kernel.

[0160] Maintaining concurrent user interaction support with a mirrored context may be
accomplished using many of the same system elements referred to above with regard to
maintaining concurrent uscr intcraction support for cross-cnvironment applications. For
example, referring to FIG. 7, the graphics context for mobile OS 130 may be actively
displaying an application (e.g., applications 752 and/or 754) and/or a home screen of the
mobile OS 130 (e.g., home screen application 451 of Android OS 430). Surface
information for an actively displayed application and/or the home screen of the mobile
OS may be stored within shared memory 724. The mirrored context for mobile OS 130
may be displayed within the user interaction space of desktop OS 160 through console
application 782.
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[0161] FIG. 20 shows a flow diagram 2000 of an illustrative method for cross-
environment rendering of a graphics context to provide a mirrored user interaction space,
according to various embodiments. The method 2000 begins at block 2004 by calculating,
using a first operating system, updates to a set of surfaces of a first application compiled
for and in active execution within the first operating system. For example, calculations
are made to determine changes in surface shapes, sizes, textures, layering, etc. The
surface updates are then rendered at block 2008, using the first operating system, to
generate a graphics frame. The graphics frame may be a bitmap that reflects the updated

graphics information for the application.

[0162] At block 2012, the graphics frame is stored in a shared memory location
acccssible by both the first operating system and a sccond opcrating system. In some
embodiments, the first and second OS are running concurrently on a shared kernel. The
graphics frame may be displayed to a first application display of the first application on a
first display of a first computing environment using the first operating system at block
2016. For example, the shared memory location may be frame buffer memory or may be
copied to a frame buffer of the first operating system. A display device driver of the local
device (e.g., which is running the shared kernel) accesses the frame buffer memory to

display the bitmap.

[0163] Subsequent to storing the graphics frame in the shared memory location at block
2012, it is desirable to inform the second OS that the updated graphics information is
available. At block 2020, a file descriptor is passed, indicating the shared memory
location to a console application compiled for and in active execution within the second
OS. In some implementations, the file descriptor includes an indication of the shared
memory location. In other implementations, the file descriptor includes additional
information, likc a flag indicating availability of updated graphics information for the

application being mirrored.

[0164] As described above, the console application may be an X-Windows or similar
type of application that is displayed within a window of a display in the second
computing environment. At block 2024, the consolc application accesses the updated
graphics information (e.g., the bitmap) at the shared memory location according to the file

descriptor and displays the graphics frame from the shared memory location to a second
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application display of the first application on a second display of a second computing
environment. In some embodiments, the updated graphics information of the application
is displayed substantially concurrently on the displays of both the first and second

computing environments.

[0165] FIG. 21 shows a flow diagram 2100 of another illustrative method for cross-
environment rendering of a graphics context to provide a mirrored user interaction space,
according to various embodiments. As in FIG. 20, the method 2100 begins at block 2104
by calculating, using a first operating system, updates to a set of surfaces of a first
application compiled for and in active execution within the first operating system. At
block 2108, the updated set of surfaces is stored in a shared memory location accessible
by both the first opcrating system and a sccond operating system (c.g., running

concurrently on a shared kernel).

[0166] At block 2112, the updated set of surfaces is rendered with the first operating
system to generate a first graphics frame. The first graphics frame can then be displayed,
at block 2116, to a first application display of the first application on a first display of a
first computing environment using the first operating system. For example, the mobile OS
130 renders the updated application graphics and displays the updated graphics to the
display(s) 116 of the mobile device 110.

[0167] At any time subsequent to storing the updated set of surfaces in shared memory in
block 2108, it is desirable to notify the second OS that the updated graphics information
is available. At block 2120, a file descriptor is passed indicating the shared memory
location to a console application compiled for and in active execution within the second
operating system. Notably, the information stored in the shared memory is un-rendered
surface information (e.g., geometric primitives) rather than rendered bits as in the method
2000 of FIG. 20.

[0168] Accordingly, at block 2124, the updated set of surfaces is rendered by the second
operating system (e.g., via the console application according to the file descriptor) from
the shared memory location to generate a second graphics frame that is substantially
identical to the first graphics frame. At block 2128, the second graphics frame is
displayed to a second application display of the first application on a second display of a
second computing environment via the console application of the second operating
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system, such that the second application display is substantially identical to the first

application display.

[0169] It is worth noting that additional overhead may be involved in replicating the
rendering on both the first and second operating systems. However, this additional
overhead may be worthwhile in a number of circumstances. For example, where the
displays of the different computing environments have appreciably different
characteristics, it may be desirable to render updated graphics information in separate

rendering contexts that are each suited for a respective one of the displays.

[0170] The methods of FIGS. 20 and 21 describe cross-environment mirroring of a
graphics context with active display of an application running in the first OS within the
mirrored graphics context. However, the methods may be used where no application is
actively displayed within the graphics context. For example, the graphics context may be
displaying a home screen or other feature (e.g., search screen, etc.) of the first OS. In
these instances, the surface information for the graphics context is updated by a
component of the first OS, and the other steps of the methods of FIGS. 20 and 21 may be

performed to provide the mirrored graphics context in the second application display.

[0171] Notably, cross-environment mirroring of a graphics context may be employed
concurrently with cross-environment rendering of an application. For example, a method
according to FIG. 20 or 21 may be used to mirror the active graphics context of the user
interaction space of the mobile device to a second user environment at the same time that
an application running on the first OS is displayed within the second user environment
using the techniques for cross-environment rendering of an application described above.
Referring to FIG. 8 for the sake of illustration, the user interaction space of the mobile OS
may be displayed within a first console window 882 while a mobile OS application is
displayed within a second console window 884 within the user interaction space of the

desktop OS on display 844.

[0172] Providing user interaction support for a mirrored graphics context may be
performed in substantially the same way as providing user interface support for a cross-
environment application illustrated in FIGS. 13, 14, 18, and/or 19. Specifically, input

events may be provided from a console application of the second OS to a virtual input
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device. The first OS may accept input events from the virtual input device through an

extended or a non-extended input queue.

[0173] Cross-Environment Redirection Embodiments

[0174] The techniques described above provide cross-environment user interaction
support for applications and graphics contexts of a first operating system through a user
intcraction spacc of a sccond opcrating system. To facilitate a transparent cross-
environment use model, embodiments are directed to providing access to applications
and/or mirrored contexts of a first operating system from the user interaction space of the

second operating system.

[0175] Referring back to FIG. 8, a user may interact with a first OS (i.e., mobile OS,
Android) through a first user interaction space that includes the interaction components
(i.e., touch screen display(s) 116, other I/O device(s) 118) on the mobile device. The user
may also interact with a second OS (i.e., desktop OS, Hydroid) through a second user
interaction space including a display 844 of secondary terminal environment 840. As
described above, the set of applications available for (i.e., compiled for and loaded within
the execution environment of) desktop OS 160 may be different than that available for
mobile OS 130. Embodiments are directed to making applications of mobile OS 130
accessible within the user interaction space of desktop OS 160 by providing menu icons
or menu list items within menus of the user interaction space of desktop OS 160 for

applications available on mobile OS 130.

[0176] FIG. 22 illustrates aspects of cross-environment redirection, according to various
embodiments. Within computing environment 2200 illustrated in FIG. 22, a user interacts
with desktop OS 160 through desktop OS user interaction space 2202. Within desktop OS
uscr interaction space 2202, menu bar 2220 includes icons or lists of available
applications. To launch an application, the user selects the application name or icon from
the menu bar or from drop-down or pop-up-lists of menu bar 2220. Traditionally, menu
bar 2220 includes only menu items or icons for applications available on desktop OS 160.
For example, menu items 2222, 2224, 2226, and/or 2228 may be applications available on
(i.e., compiled for and loaded within the execution environment of) desktop OS 160.
Embodiments of the invention are directed to providing cross-environment access to
applications and/or the graphics context of mobile OS 130 from desktop OS user
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interaction space 2202. For example, menu items 2232, 2234, 2236, 2237, and/or 2238
may indicate applications available on mobile OS 130 and/or the graphics context of

mobile OS 130.

[0177] Desktop OS user interaction space 2202 is displayed on a display within a user
interaction space (e.g., secondary terminal environment 840) associated with desktop OS
160. Menu bar 2220 of desktop OS 160 includes menu items 2222, 2224, 2226, and/or
2228 associated with applications compiled for and loaded on desktop OS 160 (e.g.,
compiled for Hydroid/Linux and loaded within the execution environment of Hydroid
0OS). Menu bar 2220 also includes menu items 2234, 2236, 2237, and/or 2238 associated
with applications compiled for and loaded on mobile OS 130 (e.g., compiled for Android
and loadcd within the Android cxecution cnvironment). When the uscr sclects onc of
menu items 2234, 2236, and/or 2238, the associated application is launched on mobile OS
130 and displayed within a console window of desktop OS 160, for example, within
window 2216 of desktop OS user interaction space 2202. Menu item 2232 may be
associated with the mobile OS graphics context such that if menu item 2232 is selected,
the graphics context of the mobile OS is displayed within a console window of desktop
OS 160.

[0178] FIG. 23 illustrates process flow 2300 that may be employed to build menu bar
2220 of desktop OS 160. At step 2302 of process flow 2300, desktop OS 160 queries
mobile OS 130 for a list of available applications. In one embodiment, a system service or
launcher application of desktop OS 160 queries a service of mobile OS 130 for all
launchable mobile OS application shortcuts. Mobile OS 130 responds with a list of
applications that are available (i.e., launchable shortcuts for available mobile OS
applications). The list of available applications may include all applications available on
mobile OS 130 (all applications loaded and cxccutable on mobile OS 130) or a subsct of
available mobile OS applications. For example, the list may include all applications that
appear on the application menu screen(s) of the mobile OS GUI. At step 2304, desktop
OS 160 receives the list of applications from mobile OS 130. The list of applications
returned by mobile OS 130 includes application package names for each listed

application, and may also include application names and icons for each listed application.
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[0179] Desktop OS 160 creates the menu items in menu bar 2220 for each application of
the list of applications by iterating over blocks 2306, 2308, and 2310. For each
application, desktop OS 160 instantiates an icon for the application in menu bar 2220 at
block 2306, associates the icon with a console application of desktop OS 160 at block

5 2308, and associates a parameter that indicates the package name of the application with
the icon at block 2310. The console application runs on desktop OS 160 and displays
graphics information for the application within desktop OS 160, using embodiments of
cross-environment rendering described above. In this way, when a user selects the menu
item, the console application is launched on desktop OS 160, and the package name of the

10 application is passed to the console application.

[0180] Desktop OS 160 may display the menu items associated with applications of
mobile OS 130 in a variety of ways. The menu items may be displayed in menu bar 2220,
or a drop-down menu that appears when a menu item that indicates that mobile OS
applications are available is selected. The menu items may be displayed using icons or

15  only application names in menu bar 2220 or the drop-down menu. In one embodiment,
desktop OS 160 displays a separate menu bar for mobile OS applications. In another
embodiment, menu items associated with mobile OS applications appear within the
desktop OS menu bar 2220 alongside or intermingled with menu items for desktop OS
applications. Optionally, the mobile OS menu items may be in an area 2230 of menu bar

20 2220 sct off by dclimiter 2240 or otherwise identifiable as including mobile OS menu
items. Menu bar 2220 may include a menu item for the active display of the mobile
device itself, i.e., a menu item that the user can select to display the user interaction space
of the mobile OS within a user environment of the desktop OS according to the methods
of FIGS. 20 and/or 21. In one embodiment, the home screen application of the mobile OS

25  isreturned in the list of available applications and provided an associated menu item.

[0181] When the user selects a menu item associated with a mobile OS application,
desktop OS 160 launches the console application associated with the menu item and
passes the package name of the application to the console application. The console
application displays a window within the desktop OS user interaction space 2202 (i.c., the
30 console application displays within the graphics system of the desktop OS). The console
application sends a request to mobile OS 130 to launch the application (i.e., requests

mobile OS 130 to launch the application package name provided to the console
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application as an execution parameter) and display the graphics frame for the application
through the console application. The application may or may not be currently running on
mobile OS 130. If the application is currently running on mobile OS 130, the display of
the application may be moved from mobile OS 130 to the desktop OS user interaction
space 2202 or displayed both on a display of the mobile device and user interaction space
2202 at the same time. Display of application graphics and user interaction support may
be accomplished for the application using any of the cross-environment rendering and

cross-environment user interface support techniques described above.

[0182] FIG. 24 illustrates process flow 2400 followed by mobile OS 130 to launch an
application in response to the user selecting a menu item associated with a mobile OS
application on menu bar 2220 of desktop OS GUI 880. Process flow 2400 begins at block
2402 when mobile OS 130 receives the request from desktop OS 160 to launch an
application compiled for the mobile OS and loaded within the execution environment of
the mobile OS for display on the desktop OS. At block 2404, the mobile OS allocates an
unused virtual display ID. For example, the graphics system of the mobile OS may keep a
list of virtual display ID’s and allocate an unused virtual display ID to the process of the
first application. At block 2406, the mobile OS launches the first application within the
mobile OS (i.e., running on the mobile OS). At block 2408, mobile OS 130 associates
refresh notifications for the first application with the virtual display. For example, the
graphics scrver of the mobile OS may kecp a list of applications and their associated
virtual displays. At blocks 2410 and 2412, the mobile OS maintains graphics information
for the first application by monitoring application graphics for the first application and
notifying a console application of the desktop OS when application graphics information
for the first application is updated. Blocks 2410 and 2412 may correspond to maintaining
application graphics for cross-environment applications according to the methods of
FIGS. 10, 12, 16 and/or 17.

[0183] The foregoing description has been presented for purposes of illustration and
description. Furthermore, the description is not intended to limit embodiments of the
invention to the form disclosed herein. While a number of exemplary aspects and
embodiments have been discussed above, those of skill in the art will recognize certain

variations, modifications, permutations, additions, and sub-combinations thereof.
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[0184] The various operations of methods described above may be performed by any
suitable means capable of performing the corresponding functions. The means may
include various hardware and/or software component(s) and/or module(s), including, but

not limited to a circuit, an application specific integrated circuit (ASIC), or processor.

[0185] The various illustrative logical blocks, modules, and circuits described may be
implemented or performed with a general purpose processor, a digital signal processor
(DSP), an ASIC, a field programmable gate array signal (FPGA), or other programmable
logic device (PLD), discrete gate, or transistor logic, discrete hardware components, or
any combination thereof designed to perform the functions described herein. A general
purpose processor may be a microprocessor, but in the alternative, the processor may be
any commecrcially availablc processor, controller, microcontroller, or statc machine. A
processor may also be implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of microprocessors, one or more

microprocessors in conjunction with a DSP core, or any other such configuration.

[0186] The steps of a method or algorithm described in connection with the present
disclosure, may be embodied directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module may reside in any form of
tangible storage medium. Some examples of storage media that may be used include
random access memory (RAM), read only memory (ROM), flash memory, EPROM
memory, EEPROM memory, registers, a hard disk, a removable disk, a CD-ROM and so
forth. A storage medium may be coupled to a processor such that the processor can read
information from, and write information to, the storage medium. In the alternative, the
storage medium may be integral to the processor. A software module may be a single
instruction, or many instructions, and may be distributed over several different code

scgments, among diffcrent programs, and across multiple storage media.

[0187] The methods disclosed herein comprise one or more actions for achieving the
described method. The method and/or actions may be interchanged with one another
without departing from the scope of the claims. In other words, unless a specific order of
actions is specified, the order and/or usc of specific actions may be modificd without

departing from the scope of the claims.
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[0188] The functions described may be implemented in hardware, software, firmware, or
any combination thereof. If implemented in software, the functions may be stored as one
or more instructions on a tangible computer-readable medium. A storage medium may be
any available tangible medium that can be accessed by a computer. By way of example,
and not limitation, such computer-readable media can comprise RAM, ROM, EEPROM,
CD-ROM, or other optical disk storage, magnetic disk storage, or other magnetic storage
devices, or any other tangible medium that can be used to carry or store desired program
code in the form of instructions or data structures and that can be accessed by a computer.
Disk and disc, as used herein, include compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk, and Blu-ray® disc where disks usually reproduce data

magnetically, while discs reproduce data optically with lasers.

[0189] Thus, a computer program product may perform operations presented herein. For
example, such a computer program product may be a computer readable tangible medium
having instructions tangibly stored (and/or encoded) thereon, the instructions being
executable by one or more processors to perform the operations described herein. The

computer program product may include packaging material.

[0190] Software or instructions may also be transmitted over a transmission medium. For
example, software may be transmitted from a website, server, or other remote source
using a transmission medium such as a coaxial cable, fiber optic cable, twisted pair,
digital subscriber line (DSL), or wireless technology such as infrared, radio, or

microwave.

[0191] Further, modules and/or other appropriate means for performing the methods and
techniques described herein can be downloaded and/or otherwise obtained by a user
terminal and/or base station as applicable. For example, such a device can be coupled to a
server to facilitate the transfer of means for performing the methods described herein.
Alternatively, various methods described herein can be provided via storage means (e.g.,
RAM, ROM, a physical storage medium such as a CD or floppy disk, etc.), such that a
user terminal and/or base station can obtain the various methods upon coupling or
providing the storage means to the device. Morcover, any other suitable technique for

providing the methods and techniques described herein to a device can be utilized.
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[0192] Other examples and implementations are within the scope and spirit of the
disclosure and appended claims. For example, due to the nature of software, functions
described above can be implemented using software executed by a processor, hardware,
firmware, hardwiring, or combinations of any of these. Features implementing functions
may also be physically located at various positions, including being distributed such that
portions of functions are implemented at different physical locations. Also, as used
herein, including in the claims, “or” as used in a list of items prefaced by “at least one of”
indicates a disjunctive list such that, for example, a list of “at least one of A, B, or C”
means A or B or C or AB or AC or BC or ABC (i.e., A and B and C). Further, the term
“exemplary” does not mean that the described example is preferred or better than other

examples.

[0193] Various changes, substitutions, and alterations to the techniques described herein
can be made without departing from the technology of the teachings as defined by the
appended claims. Moreover, the scope of the disclosure and claims is not limited to the
particular aspects of the process, machine, manufacture, composition of matter, means,
methods, and actions described above. Processes, machines, manufacture, compositions
of matter, means, methods, or actions, presently existing or later to be developed, that
perform substantially the same function or achieve substantially the same result as the
corresponding aspects described herein may be utilized. Accordingly, the appended
claims include within their scope such processes, machincs, manufacturc, compositions of

matter, means, methods, or actions.
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CLAIMS
‘What Is Claimed Is:

L. A method for maintaining display of application graphics for a first application
and a second application, both compiled for and in active concurrent execution within a first
operating system, the method comprising:

establishing an extended rendering context of the first operating system having a first
context space of the extended rendering context associated with the first application and a second
context space of the extended rendering context associated with the second application, the first
and second context spaces being non-overlapping;

calculating updates to surfaces of the first application and the second application using
the first operating system; and

rendering the updated surfaces using the first operating system to generate an extended
graphics frame in a shared memory location accessible by both the first operating system and a
second operating system running concurrently on a shared kernel, such that a first portion of the
extended graphics frame is associated with the first context space and a second portion of the
extended graphics frame is associated with the second context space, and such that the updated
surfaces of the first application are rendered to the first portion of the extended graphics frame
and the updated surfaces of the second application are rendered to the second portion of the

extended graphics frame.

2. The method of claim 1, further comprising;:

displaying the first portion of the extended graphics frame associated with the first
context space from the shared memory location to a display of a first computing environment
associated with the first operating system; and

displaying the second portion of the extended graphics frame associated with the second
context space from the shared memory location to a display of a second computing environment

associated with the second operating system.

3. The method of claim 1, wherein the first operating system comprises a mobile

operating system and the second operating system comprises a desktop operating system.
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4. The method of claim 1, wherein the second application is incompatible with a

graphics server of the second operating system.

5. The method of claim 1, wherein the second application comprises an Android
application and a graphics server of the second operating system comprises an X-windows

graphics server.

6. The method of claim 1, further comprising receiving, by a console application of
the second operating system, a draw notification indicating that the second portion of the

extended graphics frame is available at the shared memory location.

7. The method of claim 6, wherein the receiving of the draw notification includes

receiving a file descriptor to the shared memory location.

8. The method of claim 7, wherein the draw notification is received through an inter-

process communication channel.

9. The method of claim 7, further comprising receiving, by the console application, a
rcference to the sharcd memory location by mapping the file descriptor to the proccss space of

the console application.

10.  The method of claim 9, further comprising accessing, by the console application,

the second portion of the graphics frame from the shared memory location through the reference.

11. The method of claim 1, further comprising registering, in a graphics server of the
first operating system, a console application of the second operating system to receive draw

notifications for the second application.

12.  The method of claim 1, wherein the rendering of the updated surfaces using the

first operating system uses hardware assisted rendering of the first operating system.

13. A mobile computing device comprising;:
a first application and a second application in active concurrent execution within a first
operating system;

a first graphics surface of the first operating system updated by the first application;
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a second graphics surface of the first operating system updated by the second application;

an extended rendering context of the first operating system, the extended rendering
context including a first context space associated with the first application and a second context
space of the extended rendering context associated with the second application, the first and
second context spaces being non-overlapping; and

a graphics server of the first operating system that renders updated surface information of
the first surface and the second surface to generate an extended graphics frame in a shared
memory location accessible by both the first operating system and a second operating system
running concurrently on a shared kernel, such that a first portion of the extended graphics frame
1s associated with the first context space and a second portion of the extended graphics frame is
associated with the second context space, and such that updated surfaces of the first application
are rendered to the first portion of the extended graphics frame and the updated surfaces of the

second application are rendered to the second portion of the extended graphics frame.

14.  The mobile computing device of claim 13, further comprising a console
application running in the second operating system that accesses the shared memory location to
display the second portion of the extended graphics frame on a display of a user environment

associated with the second operating system.

15.  The mobile computing device of claim 13, wherein a graphics server of the
second operating system is an X-windows type graphics server and wherein the second
application uses a graphics library of the first operating system that is incompatible with the X-

windows type graphics server of the second operating system.

16.  The mobile computing device of claim 13, further comprising a first computing
environment associated with the first operating system, the first application displayed on a

display of the first computing environment.

17. A computing device including a computer-readable medium storing instructions
for a physical processor, the instructions, when cxccuted, causing the processor to perform steps
comprising:

executing a first application and a second application concurrently on a first operating

System,
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establishing an extended rendering context of the first operating system, the first
operating system having a first context space of the extended rendering context associated with
the first application and a second context space of the extended rendering context associated with
the second application, the first and second context spaces being non-overlapping;

calculating updates to surfaces of the first application and the second application using
the first operating system; and

rendering the updated surfaces using the first operating system to generate an extended
graphics frame in a shared memory location accessible by both the first operating system and a
second operating system running concurrently on a shared kernel, such that a first portion of the
extended graphics frame is associated with the first context space and a second portion of the
extended graphics frame is associated with the second context space, and such that the updated
surfaces of the first application are rendered to the first portion of the extended graphics frame
and the updated surfaces of the second application are rendered to the second portion of the

extended graphics frame.
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INSTANT REMOTE RENDERING

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This Application is a non-provisional of and claims the benefit of the filing date of
U.S. Provisional Application Nos. 61/389,117, filed Oct. 1, 2010, entitled “Multi-
Operating System Portable Docking Device™; 61/507,199, filed July 13, 2011, entitled
“Dockable Mobile Software Architecture”; 61/507,201, filed July 13, 2011, entitled
“Cross-Environment Communication Framework™; 61/507,203, filed July 13, 2011,
entitled “Multi-Operating System™; 61/507,206, filed July 13, 2011, entitled “Auto-
Configuration of a Docked System in a Multi-OS Environment™; and 61/507,209, filed
July 13, 2011, entitled “Auto-Waking of a Suspended Secondary OS in a Dockable
System,” whercin the cntire contents of the forcgoing priority applications arc

incorporated herein by reference for all purposes.

BACKGROUND
[0002] 1. Field

[0003] This Application relates generally to the field of mobile computing environments,
and more particularly to supporting multiple user environments through the use of

multiple operating systems in a single mobile computing device.
[0004] 2. Relevant Background

[0005] Mobile computing devices are becoming ubiquitous in today’s society. For
example, as of the end of 2008, 90 percent of Americans had a mobile wireless device. At
the same time, the capabilities of mobile devices are advancing rapidly, including
smartphones that integrate advanced computing capabilities with mobile telephony
capabilitics. Mobile providers have launched hundreds of new smartphones in the last
three years based upon several different platforms (e.g., Apple iPhone, Android,
BlackBerry, Palm, and Windows Mobile). In the U.S., smartphone penetration reached
almost 23% by the middle of 2010, and over 35% in some age-groups. In Europe, the
smartphone market grew by 41% from 2009 to 2010, with over 60 million smartphone

subscribers as of July 2010 in the five largest Europcan countries alonc.

[0006] While smartphones are gaining in popularity and computing capability, they
provide a limited user experience. Specifically, they typically have an operating system
1
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that is modified for mobile device hardware and a restricted set of applications that are
available for the modified operating system. For example, many smartphones run
Google’s Android operating system. Android runs only applications that are specifically
developed to run within a Java-based virtual machine runtime environment. In addition,
while Android is based on a modificd Linux kernel, it uscs different standard C librarics,
system managers, and services than Linux. Accordingly, applications written for Linux do
not run on Android without modification or porting. Similarly, Apple’s iPhone uses the
i0S mobile operating system. Again, while iOS is derived from Mac OS X, applications
developed for OS X do not run on i0S. Therefore, while many applications are available
for mobile operating systems such as Android and i0S, many other common applications
for desktop operating systems such as Linux and Mac OS X are not available on the

mobile platforms.

[0007] Accordingly, smartphones are typically suited for a limited set of user experiences
and provide applications designed primarily for the mobile environment. In particular,
smartphones do not provide a suitable desktop user experience, nor do they run most
common desktop applications. As a result, many uscrs carry and usc multiple computing
devices including a smartphone, laptop, and/or tablet computer. In this instance, each

device has its own CPU, memory, file storage, and operating system.

[0008] Connectivity and file sharing between smartphones and other computing devices
involves linking one device (e.g., smartphone, running a mobile OS) to a second, wholly
disparate device (e.g., notebook, desktop, or tablet running a desktop OS), through a
wireless or wired connection. Information is shared across devices by synchronizing data
between applications running separately on each device. This process, typically called

“synching,” is cumbersome and generally requires active management by the user.

SUMMARY
[0009] Embodiments of the present invention are directed to providing the mobile
computing experience of a smartphone and the appropriate user experience of a secondary
terminal environment in a single mobile computing device. A secondary terminal
environment may be some combination of visual rendering devices (e.g., monitor or
display), input devices (e.g., mouse, touch pad, touch-screen, keyboard, etc.), and other

computing peripherals (c.g., HDD, optical disc drive, memory stick, camcra, printer, ctc.)
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connected to the computing device by a wired (e.g., USB, Firewire, Thunderbolt, etc.) or
wireless (e.g., Bluetooth, WiFi, etc.) connection. In embodiments, a mobile operating
system associated with the user experience of the mobile environment and a desktop
operating system associated with the user experience of the secondary terminal

cnvironment arc run concurrently and independcently on a shared kerncl.

[0010] According to one aspect consistent with various embodiments, application
graphics for a first and second application, both compiled for and in active concurrent
cxccution within a first operating system, arc maintained by itcratively performing steps
including calculating updates to surfaces of the first application using the first operating
system, rendering the updated surfaces of the first application using the first operating
system to generate a first graphics frame in a first memory location, calculating updates to
surfaces of the second application using the first operating system, storing the updated
surfaces of the second application in a second memory location, the second memory
location being a shared memory location accessible by both the first operating system and
a second operating system running concurrently on a shared kernel, and rendering the
updated surfaces of the sccond application using a consolc application of the sccond

operating system to generate a second graphics frame in a third memory location.

[0011] According to other aspects consistent with various embodiments, the first graphics
frame may be displayed from the first memory location to a display of a first computing
environment associated with the first operating system; and the second graphics frame
may be displayed from the third memory location to a display of a second computing
environment associated with the second operating system. The second graphics frame
may be displayed from the third memory location to a display of a second computing
environment associated with the second operating system via the console application. The
console application may receive a draw notification indicating that updated surfaces are
available at the second memory location. Receiving the draw notification may include
receiving a file descriptor to the second memory location. The draw notification may be
received through an inter-process communication channel. The method may include
receiving a reference to the second memory location by mapping the file descriptor to the
process space of the console application and/or reading the second memory location

through the reference to render the updated surfaces of the second application.



WO 2012/044738 PCT/US2011/053835

10

15

20

25

30

Page 300 of 1192

Attorney Dkt. No.: 50224-02136

[0012] According to other aspects consistent with various embodiments, the method may
include instantiating a renderer object in the console application, and registering, in a
graphics server of the first operating system, a remotable interface of the renderer object
to receive draw notifications for the surfaces of the first application. The first operating
system may be a mobile opcerating system and the second opcrating system may be a
desktop operating system. The second application may be incompatible with a graphics
server of the second operating system. The second application may be an Android
application and the graphics server of the second operating system may be an X-windows
graphics server. Rendering the updated surfaces of the second application may include

compositing the updated surfaces by a layer order.

[0013] According to other aspects consistent with various embodiments, a mobile
computing device includes a first application and a second application in active
concurrent execution within a first operating system. A first graphics surface is associated
with the first application, and a graphics server of the first operating system is operable to
render the first graphics surface to generate a first graphics frame in a first memory
location. A sccond graphics surface is associated with the sccond application, the sccond
graphics surface stored in a second memory location, the second memory location being a
shared memory location accessible by both the first operating system and a second
operating system running concurrently on a shared kernel. A console application runs
within the second operating system, the console application operable to render the second

graphics surface to generate a second graphics frame in a third memory location.

[0014] According to other aspects consistent with various embodiments, a renderer object
is instantiated by the console application that includes a remotable method for rendering
the second graphics surface to generate the second graphics frame. The console
application may receive a draw notification from the graphics server of the first operating
system indicating that the second graphics surface has been updated. A graphics server of
the second operating system may be an X-windows type graphics server and the second
application may use a graphics library of the first operating system that is incompatible

with the X-windows type graphics server of the second operating system.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0015] Embodiments of the present invention are illustrated in referenced figures of the
drawings, in which like numbers refer to like elements throughout the description of the

figures.

[0016] FIG. 1 illustrates a computing environment that provides multiple user computing

experiences, according to various embodiments.

[0017] FIG. 2 illustrates an exemplary system architecture for a mobile computing

device, according to various embodiments.

[0018] FIG. 3 illustrates an operating system architecture for a computing environment,

according to various embodiments.

[0019] FIG. 4 illustrates an exemplary computing environment employing various aspects

of cmbodiments.

[0020] FIG. 5 illustrates aspects of an operating system architecture for a computing

environment, according to various embodiments.

[0021] FIG. 6 illustrates an exemplary boot procedure that may be used to configure an
operating system architecture of a mobile computing device in more detail, according to

various embodiments.

[0022] FIG. 7 illustrates an operating system architecture configuration for providing
cross-environment rendering of applications and/or user interaction spaces, according to

various embodiments.

[0023] FIG. 8 illustrates a computing environment with multiple user environments,

according to various embodiments.

[0024] FIG. 9 illustrates aspects of cross-environment remote rendering, according to

various embodiments.

[0025] FIG. 10 shows a flow diagram of an illustrative method for cross-environment

remote rendering in a non-extended rendering context, according to various embodiments.

[0026] FIG. 11 illustrates a registration and drawing process flow for cross-environment

remote rendering, according to various embodiments.
5
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[0027] FIG. 12 shows a flow diagram of another illustrative method for cross-
environment rendering in a non-extended rendering context, according to various

embodiments.

[0028] FIG. 13 illustrates operating system architecture configuration 300b for providing
user interaction support to cross-environment applications, according to various

embodiments.

[0029] FIG. 14 illustrates aspects of user interaction support for cross-environment
applications rendered using a non-extended graphics context, according to various

embodiments.

[0030] F1G. 15 illustrates aspects of concurrent user interface support across multiple

OSs using extended rendering contexts, according to various embodiments.

[0031] FIG. 16 shows a flow diagram of an illustrative method for cross-environment

remote rendering in an extended rendering context, according to various embodiments.

[0032] FIG. 17 shows a flow diagram of another illustrative method for cross-
environment rendering in an extended rendering context, according to various

embodiments.

[0033] FIG. 18a illustrates a user environment that may be employed in cross-
cnvironment rendering, in an cxtended rendering context, according to various

embodiments.

[0034] FIG. 18D illustrates an extended input queue that may be employed in cross-
environment rendering, in an extended rendering context, according to various

embodiments.

[0035] FIG. 19 illustrates a method for receiving input events that may be employed in
cross-environment rendering, in an extended rendering context, according to various

embodiments.

[0036] FIG. 20 shows a flow diagram of an illustrative method for cross-environment

rendering to provide a mirrored context, according to various embodiments.
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[0037] FIG. 21 shows a flow diagram 2100 of another illustrative method for cross-

environment rendering to provide a mirrored context, according to various embodiments.

|0038] FIG. 22 illustrates aspects of cross-environment redirection, according to various

embodiments.

[0039] FIG. 23 illustrates a flow diagram of an illustrative method that may be employed

to perform aspects of cross-environment redirection, according to various embodiments.

[0040] FIG. 24 illustrates a flow diagram of another illustrative method that may be
employed to perform aspects of cross-environment redirection, according to various

embodiments.

DETAILED DESCRIPTION
[0041] Mobile telephony devices, (i.c., smartphoncs, handscts, mobilc stations, portable
communication devices, etc.) that include computing capabilities are increasing in
popularity. Many of these smartphones include a mobile operating system (“OS”) running
on a mobile processor. While mobile processors and mobile OSs have increased the
capabilities of these devices, smartphones have not tended to replace personal computer
(“PC”) environments (i.e., Windows, Mac OS X, Linux) such as desktop or notebook
computers at least because of the limited user experience provided. In particular, the user
interface device(s) found on smartphones are typically tailored to the mobile
environment. For example, smartphones typically use a small thumb-style QWERTY
keyboard, touch-screen display, click-wheel, and/or scroll-wheel as user interface
devices. Mobile OSs, as well as applications (i.e., “Apps”) developed for mobile OSs, are
typically designed for the constraints of the mobile environment including a mobile
processor and the user interface device(s) present on mobile devices. Therefore, many
applications that have been developed for PC operating systems are not available for
mobile OSs (i.e., are not compiled for and do not run on mobile OSs). In addition, for
some tasks such as typing or editing documents, a full-size keyboard and large display are

casicr to usc than the user intcrface componcnts typically found on a smartphone.

[0042] Accordingly, users typically use separate computing devices for each computing
experience, including a smartphone, tablet computer, laptop computer, and/or desktop

computer. In this instance, cach device has its own CPU, memory, file storage, and OS.

7
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Connectivity and file sharing between smartphones and other devices involves linking
one device (e.g., smartphone, running a mobile OS) to a second, wholly disparate device
(e.g., notebook, desktop, or tablet running a desktop OS), through a wireless or wired
connection. Information is shared across devices by synchronizing data between
applications running scparatcly on cach device. This process, typically called “synching,”

is cumbersome and generally requires active management by the user.

[0043] FIG. 1 illustrates a computing environment 100 that provides multiple user
computing cxpcriences with a mobile device that includes multiple operating systems
agsociated with separate user interaction spaces (i.e., user environments), according to
various embodiments. A first user interaction space 115 of computing environment 100
includes display(s) 116 and /O devices 118 of mobile computing device 110. When
mobile computing device 110 is operated as a stand-alone mobile device, mobile OS 130
presents a typical mobile computing user experience through user interaction space 115.
The mobile computing experience provided by mobile OS 130 typically includes mobile
telephony capabilities and a graphical user interface (“GUI”) suited to user interaction
spacc 115 including display(s) 116 and /O device(s) 118. For cxample, display(s) 116
may be a touch-screen display(s) and application programs (i.e., “Apps”) running on
mobile OS 130 may be controlled primarily through a gesture-based GUI of mobile OS
130 using touch-screen display(s) 116.

[0044] In computing environment 100, mobile computing device 110 may be docked
with secondary terminal environment 140 that includes I/O devices 144, 146, and/or 148.
In embodiments, mobile computing device 110 is docked with secondary terminal
environment 140 by connecting port 120 of mobile computing device 110 to port 142 of
secondary terminal environment 140. In this instance, secondary terminal environment
140 presents a second user interaction space of computing environment 100. In some
instances, the second user interaction space may be more suited to a desktop computing
experience. In these instances, desktop OS 160 can be associated with secondary terminal
environment 140 to provide the full capabilities of a notebook, tablet, or desktop

computer environment through the second user interaction space.

[0045] In embodiments, mobile OS 130 and desktop OS 160 run concurrently on a shared

kernel on a processor of mobile computing device 110. Concurrent cxccution of a mobile
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OS and a desktop OS on a shared kernel is described in more detail in U.S. Patent
Application No.13/217,108, filed August 24, 2011, entitled “MULTI-OPERATING
SYSTEM,” herein incorporated by reference. In this way, a single mobile computing
device can provide a mobile computing experience through a first user interaction space
and a dcsktop computing experience through a sccond user interaction space. While the
ability to carry one mobile device that can execute multiple operating systems
concurrently through separate user interaction spaces solves a number of problems for a
user, each user interaction space (through the concurrently running mobile OS and
desktop OS) generally provides a separate set of available applications and user

functionality.

[0046] Embodiments of the invention are directed to facilitating apparent execution of an
application running in a first OS (e.g., mobile OS 130) within a second OS (e.g., desktop
OS 160), where the first and second OS are running concurrently on a shared kernel.
Notably, providing a user with input (e.g., input device) and output (e.g., display, audio,
etc.) support in a second OS for applications compiled for and running in a first (e.g.,
incompatiblc) OS involves addressing a number of issucs. Additional issucs can arisc

when handling display and interactivity of multiple applications running concurrently.

[0047] Consider, for example, that a first and second application are both compiled for
the first OS and are running concurrently on the first OS. However, a user desires to view
graphical output of the first application and to interact with that first application through
input/output devices associated with the first OS (e.g., using a touchscreen display of a
mobile computing environment), and to view graphical output of the second application
and to interact with that second application through input/output devices associated with
the second OS (e.g., using a display, keyboard, and mouse of a desktop computing
environment). Handling this scenario involves concurrent handling of graphics in
multiple display environments and concurrent processing of multiple input/output streams

for separate applications all on separate (e.g., incompatible) operating systems.

[0048] Accordingly, embodiments provide various novel techniques for accessing
applications of a first OS within a user interaction space of a second OS, displaying
applications running in the first OS within the user interaction space of the second OS,

and handling uscr intcraction with thosc applications through thc uscr intcraction space of
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the second OS. Embodiments include a console application of the second OS that

supports various display and user interaction features of cross-environment applications.

[0049] One set of embodiments provides techniques for concurrent user interface support
across multiple-OS computing environments using a so-called “non-extended” rendering
context. Another set of embodiments provides techniques for concurrent user interface
support across multiple-OS computing environments using a so-called “extended”
rendering context. Yet another set of embodiments provides techniques for concurrent
uscr intcrface support across multiple OSs using a so-called “mirrored” context. Yt
another set of embodiments provides access from the user interaction space of the second
OS to applications available on the first OS. Each of these sets of embodiments will be

described more fully below.

[0050] As described above, computing environment 100 provides multiplc user
computing experiences through multiple user interaction spaces associated with a mobile
device running multiple operating systems concurrently. Specifically, because mobile
computing device 110 includes multiple OSs, where each OS is suited to a particular
computing environment, mobile computing device 110 may be adapted with external /O
devices to provide a broad range of user experiences with a single mobile computing
device. For example, a user may have a mobile computing device 110 and a secondary
terminal environment 140 that includes a keyboard, display, and/or pointing device(s) in a
laptop-type enclosure. When mobile computing device 110 is docked with this laptop-like
secondary terminal environment, the full capabilities of desktop OS 160 are available

through the secondary terminal environment 140,

[0051] FIG. 2 illustrates an cxemplary hardware system architecturc for mobilc
computing device 110, according to various embodiments. Mobile computing device
hardware 112 includes mobile processor 114 that includes one or more CPU cores 204
and external display interface 220. Generally, mobile computing device hardware 112
also includes I/O devices 118, memory 206, storage devices 208, touch-screen display
controller 210 connected to touch-screen display 116, power management IC 214
connected to battery 216, cellular modem 218, communication devices 222, and/or other
devices 224 that are connected to processor 114 through various communication signals

and intcrfaces. /0O devices 118 generally includes buttons and other uscr interface

10
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components that may be employed in mobile computing device 110. For example, I/O
devices 118 may include a set of buttons, (e.g., back, menu, home, search, etc.), off-
screen gesture area, click-wheel, scroll-wheel, QWERTY keyboard, etc. Other devices
224 may include, for example, GPS devices, LAN connectivity, microphones, speakers,
camcras, accclerometers, and/or MS/MMC/SD/SDIO card intcrfaces. External display
interface 220 may be any suitable display interface (e.g., VGA, DVI, HDMI, etc.).

[0052] Processor 114 may be an ARM-based mobile processor. In embodiments, mobile
processor 114 is a mobilc ARM-based processor such as Tcxas Instruments OMAP3430,
Marvell PXA320, Freescale iMX51, or Qualcomm QSD8650/8250. However, mobile
processor 114 may be another suitable ARM-based mobile processor or processor based
on other processor architectures such as, for example, x86-based processor architectures

or other RISC-based processor architectures.

[0053] While FIG. 2 illustrates one exemplary hardware implementation 112 for mobile
computing device 110, other architectures are contemplated as within the scope of the
invention. For example, various components illustrated in FIG. 2 as external to mobile
processor 114 may be integrated into mobile processor 114, Optionally, external display
interface 220, shown in FIG. 2 as integrated into mobile processor 114, may be external
to mobile processor 114. Additionally, other computer architectures employing a system
bus, discrete graphics processor, and/or other architectural variations are suitable for

employing aspects of the present invention.

[0054] FIG. 3 illustrates OS architecture 300 that may be employed to run mobile OS 130
and desktop OS 160 concurrently on mobile computing device 110, according to various
cmbodiments. As illustrated in FIG. 3, mobilc OS 130 and desktop OS 160 arc
independent operating systems. Specifically, mobile OS 130 and desktop OS 160 may
have independent and incompatible user libraries, graphics systems, and/or framework
layers. Functions and instructions for OS architecture 300 may be stored as computer
program code on a tangible computer readable medium of mobile computing device 110.
For example, instructions for OS architecture 300 may be stored in storage device(s) 208

of mobile computing device hardware 112.

[0055] In OS architecture 300, mobile OS 130 and desktop OS 160 run concurrently on
shared kernel 320. This means that mobile OS 130 and desktop OS 160 are running on
11
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shared kernel 320 at the same time. Specifically, mobile OS 130 and desktop OS 160 both
interface to shared kernel 320 through the same kernel interface 322, for example, by
making system calls to shared kernel 320. Shared kernel 320 manages task scheduling for
processes of both mobile OS 130 and desktop OS 160. In this regard, mobile OS 130 and
desktop OS 160 arc running independently and concurrently on sharcd kernel 320. Tn
addition, shared kernel 320 runs directly on mobile processor 114 of mobile computing
device hardware 112, as illustrated by hardware interface 312. Specifically, shared kernel
320 directly manages the computing resources of mobile computing device hardware 112
such as CPU scheduling, memory access, and 1/0. In this regard, hardware resources are
not virtualized, meaning that mobile OS 130 and desktop OS 160 make system calls

through kernel interface 322 without virtualized memory or I/O access.

[0056] As illustrated in FIG. 3, mobile OS 130 has libraries layer 330, application
framework layer 340, and application layer 350. In mobile OS 130, applications 352 and
354 run in application layer 350 supported by application framework layer 340 of mobile
OS 130. Application framework layer 340 includes manager(s) 342 and service(s) 344
that arc uscd by applications running on mobile OS 130. For cxamplc, application
framework layer 340 may include a window manager, activity manager, package
manager, resource manager, telephony manager, gesture controller, and/or other
managers and services for the mobile environment. Application framework layer 340 may
include a mobile application runtime environment that executes applications developed
for mobile OS 130. The mobile application runtime environment may be optimized for
mobile computing resources such as lower processing power and/or limited memory
space. The mobile application runtime environment may rely on the kernel for process
isolation, mcmory management, and thrcading support. Librarics laycr 330 includcs uscr
libraries 332 that implement common functions such as I/O and string manipulation,
graphics functions, database capabilities, communication capabilities, and/or other

functions and capabilities.

[0057] As illustrated in FIG. 3, desktop OS 160 has libraries layer 360, framework layer
370, and application layer 380. In desktop OS 160, applications 382 and 384 run in
application layer 380 supported by application framework layer 370 of desktop OS 160.
Application framework layer 370 includes manager(s) 372 and service(s) 374 that are

used by applications running on desktop OS 160. For example, application framework

12
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layer 370 may include a window manager, activity manager, package manager, resource
manager, and/or other managers and services common to a desktop environment.
Libraries layer 360 may include user libraries 362 that implement common functions such
as [/O and string manipulation, graphics functions, database capabilities, communication

capabilitics, and/or other functions and capabilitics.

[0058] In various embodiments of the present disclosure, desktop OS 160 runs in a
separate execution environment from mobile OS 130. For example, mobile OS 130 may
run in a root cxecution cnvironment and desktop OS 160 may run in a sccondary
execution environment established under the root execution environment. Processes and
applications running on mobile OS 130 access user libraries 332, manager(s) 342 and
service(s) 344 in the root execution environment. Processes and applications running on
desktop OS 160 access user libraries 362, manager(s) 372 and service(s) 374 in the

secondary execution environment.

[0059] In embodiments, mobile OS 130 and desktop 160 are independent operating
systems with incompatible user libraries, graphics systems, and/or application
frameworks. Therefore, applications developed for mobile OS 130 may not run directly
on desktop OS 160, and applications developed for desktop OS 160 may not run directly
on mobile OS 130. For example, application 352, running in application layer 350 of
mobile OS 130, may be incompatible with desktop OS 160, meaning that application 352
could not run on desktop OS 160. Specifically, application 352 may depend on
manager(s) 342, service(s) 344, and/or libraries 332 of mobile OS 130 that are either not
available or not compatible with manager(s) 372, service(s) 374, and/or libraries 362 of
desktop OS 160.

[0060] As a result, mobile OS 130 and desktop OS 160 may have different sets of
available applications. In this regard, mobile OS 130 and desktop OS 160 of OS
architecture 300 provide separate user experiences through separate sets of applications
accessible through separate user interaction spaces. The user may access the applications
available on (i.e., compiled for and loaded within the execution environment of) mobile
OS 130 through a first user interaction space associated with mobile OS 130, and the
applications available on desktop OS 160 through a second user interaction space

associated with desktop OS 160.

13
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[0061] As described above, mobile operating systems typically do not use the same
graphics environment as desktop operating systems. Graphics environments for desktop
OSs were designed for flexibility and high performance. For example, the X-window
system, used by some desktop OSs, provides platform and network independence at the
cxpensc of greater processing and system resources. Tn contrast, graphics ecnvironments
for mobile OSs are designed more for efficiency and the specific user input devices of a
mobile computing environment and less for flexibility. Because the graphics
environments of mobile and desktop OSs are often different, an application running on a
mobile OS may not be re-directed to display within a user space of a desktop OS by re-
directing the graphics information from the graphics server of the mobile OS to the

graphics server of the desktop OS.

[0062] The most widely adopted mobile OS is Google’s Android. While Android is based
on Linux, it includes modifications to the kernel and other OS layers for the mobile
environment and mobile processors. In particular, while the Linux kernel is designed for a
PC (i.e., x86) CPU architecture, the Android kernel is modified for ARM-based mobile
processors. Android device drivers arc also particularly tailored for devices typically
present in a mobile hardware architecture including touch-screens, mobile connectivity
(GSM/EDGE, CDMA, Wi-Fi, etc.), battery management, GPS, accelerometers, and
camera modules, among other devices. In addition, Android does not have a native X
Window System nor does it support the full set of standard GNU libraries, and this makes

it difficult to port existing GNU/Linux applications or libraries to Android.

[0063] Apple’s 10S operating system (run on the iPhone) and Microsoft’s Windows
Phone 7 are similarly modified for the mobile environment and mobile hardware
architecture. For example, while i0S is derived from the Mac OS X desktop OS, common
Mac OS X applications do not run natively on iOS. Specifically, iOS applications are
developed through a standard developer’s kit (“SDK”) to run within the “Cocoa Touch”
runtime environment of i0S, which provides basic application infrastructure and support
for key 10S features such as touch-based input, push notifications, and system services.
Therefore, applications written for Mac OS X do not run on i0S without porting. In
addition, it may be difficult to port Mac OS X applications to 108 because of differences
between user libraries and/or application framework layers of the two OSs, and/or

differences in system resources of the mobile and desktop hardware.

14
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[0064] In one embodiment consistent with OS architecture 300, an Android mobile OS
and a full Linux OS run independently and concurrently on a modified Android kernel. In
this embodiment, the Android OS may be a modified Android distribution while the
Linux OS (“Hydroid”) may be a modified Debian Linux desktop OS. FIGS. 4-6 illustrate
Android mobilc OS 430, Android kernel 520, and Hydroid OS 660 that may be cmploycd

in OS architecture 300 in more detail, according to various embodiments.

[0065] As illustrated in FIG. 4, Android OS 430 includes a set of C/C++ libraries in
librarics laycr 432 that arc acccsscd through application framcwork layer 440. Librarics
layer 432 includes the “bionic” system C library 439 that was developed specifically for
Android to be smaller and faster than the “glibc” Linux C-library. Libraries layer 432 also
includes inter-process communication (“IPC”) library 436, which includes the base
classes for the “Binder” IPC mechanism of the Android OS. Binder was developed
specifically for Android to allow communication between processes and services. Other
libraries shown in libraries layer 432 in FIG. 4 include media libraries 435 that support
recording and playback of media formats, surface manager 434 that managers access to
the display subsystem and composites graphic layers from multiple applications, 2D and
3D graphics engines 438, and lightweight relational database engine 437. Other libraries
that may be included in libraries layer 432 but are not pictured in FIG. 4 include bitmap
and vector font rendering libraries, utilities libraries, browser tools (i.e., WebKit, etc.),

and/or secure communication libraries (i.e., SSL, etc.).

[0066] Application framework layer 440 of Android OS 430 provides a development
platform that allows developers to use components of the device hardware, access
location information, run background services, set alarms, add notifications to the status
bar, etc. Framework layer 440 also allows applications to publish their capabilities and
make use of the published capabilities of other applications. Components of application
framework layer 440 of Android mobile OS 430 include activity manager 441, resource
manager 442, window manager 443, dock manager 444, hardware and system services
445, desktop monitor service 446, multi-display manager 447, and remote communication
service 448. Other components that may be included in framework layer 440 of Android
mobile OS 430 include a view system, telephony manager, package manager, location

manager, and/or notification manager, among other managers and services.
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[0067] Applications running on Android OS 430 run within the Dalvik virtual machine
431 in the Android runtime environment 433 on top of the Android object-oriented
application framework. Dalvik virtual machine 431 is a register-based virtual machine,
and runs a compact executable format that is designed to reduce memory usage and
processing requirements. Applications running on Android OS 430 includc home screen
451, email application 452, phone application 453, browser application 454, and/or other
application(s) (“App(s)”) 455.

[0068] The Android OS graphics system uscs a client/scrver modcl. A surface manager
(“SurfaceFlinger”) is the graphics server and applications are the clients. SurfaceFlinger
maintains a list of display ID’s and keeps track of assigning applications to display ID’s.
In one embodiment, mobile computing device 110 has multiple touch screen displays
116. In this embodiment, display ID 0 is associated with one of the touch screen displays
116 and display ID 1 is associated with the other touch screen display 116. Display ID 2
is associated with both touch screen displays 116 (i.e., the application is displayed on
both displays at the same time). Display ID’s greater than 2 are virtual displays, meaning
that they are not associated with a display physically present on mobile computing device

hardware 112.

[0069] Graphics information for Android applications includes windows, views, and
canvasses. Each window, view, and/or canvas is implemented with an underlying surface
object. Surface objects are double-buffered (front and back buffers) and synchronized
across processes for drawing. SurfaceFlinger maintains all surfaces in a shared memory
pool which allows all processes within Android to access and draw into them without
expensive copy operations and without using a server-side drawing protocol such as X-
Windows. Applications always draw into the back buffer while SurfaceFlinger reads from
the front buffer. SurfaceFlinger creates each surface object, maintains all surface objects,
and also maintains a list of surface objects for each application. When the application
finishes drawing in the back buffer, it posts an event to SurfaceFlinger, which swaps the
back buffer to the front and queues the task of rendering the surface information to the

frame buffer.

[0070] SurfaceFlinger monitors all window change events. When one or more window

change cvents occur, SurfaccFlinger renders the surface information to the frame buffer
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for one or more displays. Rendering includes compositing the surfaces, i.¢., composing
the final image frame based on dimensions, transparency, z-order, and visibility of the
surfaces. Rendering may also include hardware acceleration (e.g., OpenGL 2D and/or 3D
interface for graphics processing hardware). SurfaceFlinger loops over all surface objects

and renders their front buffers to the frame buffer in their Z order.

[0071] FIG. 5 illustrates modified Android kernel 520 in more detail, according to
various embodiments. Modified Android kernel 520 includes touch-screen display driver
521, camcra driver(s) 522, Bluctooth driver(s) 523, sharcd memory allocator 524, IPC
driver(s) 525, USB driver(s) 526, WiFi driver(s) 527, I/O device driver(s) 528, and/or
power management module 530. I/O device driver(s) 528 includes device drivers for
external 1/O devices, including devices that may be connected to mobile computing
device 110 through port 120. Modified Android kernel 520 may include other drivers and
functional blocks including a low memory killer, kernel debugger, logging capability,

and/or other hardware device drivers.

[0072] FIG. 6 illustrates Hydroid OS 660 in more detail, according to various
embodiments. Hydroid is a full Linux OS that is capable of running almost any
application developed for standard Linux distributions. In particular, libraries layer 662 of
Hydroid OS 660 includes Linux libraries that support networking, graphics processing,
database management, and other common program functions. For example, user libraries
662 may include the “glibc” Linux C library 664, Linux graphics libraries 662 (e.g.,

GTK, OpenGL, etc.), Linux utilities libraries 661, Linux database libraries, and/or other
Linux user libraries. Applications run on Hydroid within an X-Windows Linux graphical
environment using X-Server 674, window manager 673, and/or desktop environment 672.
Tlustrated applications include word processor 681, email application 682, spreadsheet

application 683, browser 684, and other application(s) 685.

[0073] The Linux OS graphics system is based on the X-windows (or “X117) graphics
system. X-windows is a platform-independent, networked graphics framework. X-
windows uses a client/server model where the X-server is the graphics server and
applications are the clients. The X-server controls input/output hardware associated with
the Linux OS such as displays, touch-screen displays, keyboards, pointing device(s), etc.

Tn this regard, X-windows providces a scrver-side drawing graphics architccture, i.c., the
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X-server maintains the content for drawables including windows and pixmaps. X-clients
communicate with the X-server by exchanging data packets that describe drawing
operations over a communication channel. X-clients access the X communication
protocol through a library of standard routines (the “Xlib”). For example, an X-client may
send a request to the X-server to draw a rectangle in the client window. The X-scrver
sends input events to the X-clients, for example, keyboard or pointing device input,
and/or window movement or resizing. Input events are relative to client windows. For
example, if the user clicks when the pointer is within a window, the X-server sends a
packet that includes the input event to the X-client associated with the window that

includes the action and positioning of the event relative to the window.

[0074] Because of the differences in operating system frameworks, graphics systems,
and/or libraries, applications written for Android do not generally run on Hydroid OS 660
and applications written for standard Linux distributions do not generally run on Android
OS 430. In this regard, applications for Android OS 430 and Hydroid OS 660 are not
bytecode compatible, meaning compiled and executable programs for one do not run on

the other.

[0075] In one embodiment, Hydroid OS 660 includes components of a cross-environment
communication framework that facilitates communication with Android OS 430 through
shared kernel 520. These components include IPC library 663 that includes the base
classes for the Binder IPC mechanism of the Android OS and remote communications

service 671.

[0076] In one embodiment, Hydroid OS 660 is run within a chrooted (created with the
‘chroot” command) sccondary cxccution cnvironment crcatcd within the Android root
environment. Processes and applications within Hydroid OS 660 are run within the
secondary execution environment such that the apparent root directory seen by these
processes and applications is the root directory of the secondary execution environment.
In this way, Hydroid OS 660 can run programs written for standard Linux distributions
without modification because Linux user libraries 662 are available to processes running

on Hydroid OS 660 in the chrooted secondary execution environment.

[0077] Referring back to FIG. 3, mobile OS 130 and desktop 160 are in active concurrent
execution on shared kernel 320 on a mobile device. Mobile OS 130 and desktop OS 160
18
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may be incompatible with regard to user libraries, graphics systems, and/or application
frameworks. Therefore, mobile OS 130 and desktop OS 160 have different sets of
available applications, meaning that at least some applications available on mobile OS
130 are not available on desktop OS 160 and vice-versa. Accordingly, mobile OS 130 and
desktop OS 160 of OS architecturc 300 providce scparatc uscr cxpericnces through
different sets of applications accessible through separate user interaction spaces. The user
may access the applications available on (i.e., compiled for and loaded within the
execution environment of) mobile OS 130 through the user interaction space associated
with mobile OS 130, and the applications available on desktop OS 160 through the user

interaction space associated with desktop OS 160.

[0078] Embodiments of the present invention extend the functionality of OS architecture
300 to provide a more seamless computing experience in a multi-OS computing
environment. Embodiments include cross-environment rendering of applications and/or
the user interaction space of a first operating system within a user interaction space of a
second operating system, even where the graphics environments of the first and second
opcrating systems arc not compatible. Embodiments further include uscr-interaction
support of cross-environment applications, and accessing applications of the first
operating system from the user interaction space of the second operating system. This
functionality enables, for example, mobile OS applications, running on mobile OS 130, to
be displayed and interacted with through a user interaction space associated with desktop
OS 160. For example, while a user is interacting with desktop OS 160 through a user
interaction space associated with desktop OS 160, the user may wish to have access to a
particular application of mobile OS 130 that is not available for (i.e., is not compiled for
and docs not run on) desktop OS 160. Using various cmbodiments discloscd below, the
user may access, display, and interact with an application compiled for and running on
mobile OS 130 through the user interaction space associated with desktop OS 160.
Notably, the embodiments provide cross-environment interaction support with any
application of the mobile OS, meaning that mobile OS applications do not need to be

modified to include specific cross-environment support to use the embodiments below.

[0079] To provide seamless cross-environment user interaction support for an application
and/or the user interaction space of a first OS (e.g., mobile OS 130) from within a user

interaction space of a second OS (e.g., desktop OS 160), it may be desirable for graphics
19
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data of the application and/or the user interaction space (i.e., graphics context or active
display) to be rendered for display in the user interaction space of the second OS in real-
time. Real-time (or instant) rendering, in this context, means that graphics data of the
application is rendered to the user interaction space of the second OS fast enough that the
uscr can interact with the application without a noticcablc or substantial reduction in
application performance due to delays associated with transferring the graphics
information. In this regard, the techniques for real-time (or instant) cross-environment
rendering, as described herein, provide for rapid transfer of graphics information, for
example, with a limited number of frame delays or other delays associated with copying
or transferring the graphics information from the first OS to the second OS. However, it
does not mean that the graphics transfer does not take any time, and the cross-
environment rendering techniques disclosed herein may be considered instant or in real-
time, cven though a finitc time period passes before the graphics information is displaycd

on the user interaction space of the second OS.

[0080] To achieve cross-environment rendering of applications, a potentially large
amount of graphics data may bc passcd from the application running in the first opcrating
system to a graphics system of the second operating system. Existing mechanisms are not
capable of transferring the required graphics data without potentially affecting the display
update or frame rate. For example, transferring graphics data directly would not be
practical within the constraints of a mobile computing environment. Compression
techniques could be used to reduce the total amount of data to be transferred, but at the
cost of increased processing requirements to compress and de-compress the information.
Remote desktop-like systems could be used to pass vector graphics or graphics update
information, howcver, thesc arc also typically slow when transferring large amounts of

graphics data or for rapidly changing graphics content.

[0081] FIG. 7 illustrates OS architecture configuration 300a, which may be employed to
provide cross-environment rendering of an application and/or the user interaction space of
a first OS within a user interaction space of a second OS, where the first and second OS
are running concurrently on a shared kernel and are associated with separate user
interaction spaces that include separate display devices, according to various
embodiments. Components of OS architecture configuration 300a allow applications

running on mobile OS 130 and/or the graphics context of mobile OS 130 to be rendered
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within the user interaction space of desktop OS 160, where OS 130 and desktop OS 160
run concurrently on shared kernel 320. In various embodiments, an application is
displayed in a console window in the user interaction space of desktop OS 160 through
console application 782 of desktop OS 160. In one implementation, console application
782 is an X-windows typc application that is displaycd within thc user intcraction space

of desktop OS 160 through an X-windows type graphics system of desktop OS 160.

[0082] In OS architecture configuration 300a, mobile OS 130 includes graphics server
734 that allocatcs and managcs surface information (c.g., surfaccs 726, 727, and 728) for
applications (e.g., application 752 and 754) of mobile OS 130. In one embodiment,
graphics server 734 allocates memory for graphics surfaces using anonymous shared
memory (i.e., named memory blocks shared between processes that the kernel is allowed
to free). Graphics server 734 also allocates and tracks displays of mobile OS 130,
including displays that are integrated within mobile computing device hardware 112 (i.e.,
local displays) and so-called virtual displays through which applications of mobile OS
130 may be displayed remotely (i.e., within a user interaction space of another OS).
Mobilc OS 130 may also include a window system for displaying multiplc applications at
the same time on a display screen associated with mobile OS 130. In one embodiment,
mobile OS 130 includes a service that provides a remote communication channel for

access to components of mobile OS 130 from desktop OS 160.

[0083] OS architecture configuration 300a includes a first application 752 that is running
on mobile OS 130 and displayed within a first user interaction space associated with
mobile OS 130. OS architecture configuration 300a includes a second application 754
that is also running on mobile OS 130, but is displayed within a second user interaction
space associated with desktop OS 160 through cross-environment rendering according to
embodiments described below. In one embodiment, application 754 is displayed within a
console window of the second user interaction space through console application 782

running on desktop OS 160.

[0084] Generally, applications of mobile OS 130 instantiate views through which the user
interacts with the application. For example, an application may have a single view that
makes up the application window. Within views, applications instantiate drawing objects

for specific arcas of the application interface. The drawing objects may be called canvascs
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or drawing layers and are the objects through which the application draws graphics
information. When an application instantiates a canvas or layer, graphics server 734
allocates memory for the surface information associated with the canvas or layer and
returns the drawing object to the application, which the application then uses to draw
graphics information for the surfaccs of the canvas or laycr. Graphics scrver 734 then
monitors the surface information and renders the surface information into the frame
buffer (e.g., frame buffer 716) when the surface information is updated. Typically, the
user also interacts with the application through the view objects. The view objects include
event listeners that are called by the mobile OS input queue 736 when actions are

performed by the user on the view object.

|0085] As illustrated in OS architecture 300a, surfaces 726, 727, and/or 728 are allocated
by graphics server 734 in shared memory 724. Shared memory 724 is managed by shared
kernel 320 and is accessible by all processes running on mobile OS 130 and desktop OS
160. As described above, shared memory 724 may be named shared memory. While
named shared memory is accessible by all processes running on shared kernel 320, other
processes cannot access regions of named shared memory by name. Accordingly, a file
descriptor to regions of named shared memory must be passed through an inter-process
communication mechanism to pass a reference to named shared memory across process
boundaries. Shared kernel 320 also includes IPC driver 725, which allows processes in
mobile OS 130 and desktop OS 160 to communicate with one another across process
boundaries. IPC driver 725 may be, for example, a Unix domain socket driver, Android

Binder driver, and/or network socket driver.

[0086] Desktop OS 160 of OS architecture configuration 300a includes console
application 782 and window system 774. Console application 782 is compiled for and
runs on desktop OS 160, and is displayed within a console window in the user interaction
space associated with desktop OS 160. Window system 774 may include a window
manager, graphics server, and/or graphics device interface that provides the basis for
representing graphical objects and transmitting them to display devices through desktop
OS frame buffer 718. For example, window system 774 may display console application
782 within the user interaction space of desktop OS 160 through desktop OS frame buffer
718. Window system 774 also provides input events from the user environment of

desktop OS 160 associated with console application 782 to console application 782. For
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example, window system 774 may provide pointing device location or gesture
information from the user interaction space associated with desktop OS 160 to console

application 782.

[0087] In FIG. 7, memory blocks including shared memory 724, mobile OS frame buffer
716, and desktop OS frame buffer 718 are shown as located within shared kernel 320 for
ease of illustration. However, these memory blocks are physically located in tangible
memory storage elements of mobile computing device 110 and managed by shared kernel
320. For cxample, these memory blocks may be located in RAM on processor 114, and/or
in RAM of memory device 206 of mobile computing device hardware 112 illustrated in

FIG. 2.

[0088] OS architecture configuration 300a provides support for cross-environment
rendering of applications of a first opcrating system running on a shared kernel within a
user interaction space associated with a second operating system, where the first and
second operating systems run concurrently on the shared kernel. OS architecture
configuration 300a may be employed to provide support for cross-environment rendering
in a computing environment that provides multiple user computing experiences through
multiple user interaction spaces. For example, OS architecture configuration 300a may be

used in computing environment 100 as illustrated in FIG. 1.

[0089] FIG. 8 illustrates computing environment 800, according to various embodiments.
Computing environment 800 has a first user environment that includes touch-screen
display(s) 116 and other I/O devices 118 of mobile computing device hardware 112. This
user environment presents a first user interaction space through which the user interacts
with mobilc OS 130. A sccond user cnvironment of computing environment 800 includes
display monitor 844, keyboard 846, and/or pointing device 848. User environment 840
may be connected to mobile computing device 110 through dock connector 841 and dock
cable 843. Dock connector 841 and dock cable 843 may include a port that interfaces
through dock interface 122 to port 120 of mobile computing device 110 as illustrated in
FIG. 1. In this regard, user environment 840 provides a docked secondary terminal
environment to mobile computing device 110. In computing environment 800, desktop
OS 160 may be associated with docked secondary terminal environment 840 such that the

uscr can intcract with desktop OS 160 through the uscr intcraction space provided by
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secondary terminal environment 840. While secondary terminal environment 840 is
illustrated as a typical desktop-type computing environment, desktop OS 160 may present
a second user interaction space through other types of computing environments, including

laptop, tablet, and/or other types of computing environments.

[0090] OS architecture configuration 300a may be used within computing environment
800 to provide cross-environment rendering of applications running on a first OS (i.e.,
mobile OS) and displayed within a user environment of a second OS (i.e., user
cnvironment 840 associated with desktop OS 160). For cxample, application 754, running
on mobile OS 130, may be displayed within console window 882 on the user interaction
space 880 of desktop OS 160. Other windows within user interaction space 880, including
window 884 and 886, may be windows of other applications running on desktop OS 160.
To the user, computing environment 800 provides a seamless computing experience for
application 754 because application 754 can be used within the user interaction space of
desktop OS 160 as if it was running on desktop OS 160, while in fact application 754 is

running on mobile OS 130.

[0091] FIG. 8 illustrates a desktop-like secondary terminal environment 840. In this
instance, the user may interact with an application and/or the user interaction space of the
mobile OS through console window 882 using keyboard 846 and mouse 848 (i.e., a
primarily pointing device-based GUI) of secondary terminal environment 840. However,
cross-environment rendering of an application and/or mirroring of the mobile OS user
interaction space may be used with other secondary terminal environments. For example,
desktop OS 160 could be associated with a tablet-like secondary terminal environment
that includes a touch-screen display. In this instance, the user may interact with a cross-
environment application or mirrored user interaction space of mobile OS 130 in much the
same manner (i.e., a primarily gesture-based GUI) in which the user typically interacts

with the user interaction space of mobile OS 130.

[0092] As discussed above, embodiments of the invention are directed to providing
concurrent user interface support across cross-environment applications and/or a mirrored
user interaction space in a multiple-OS computing environment. In one example, user

interface support is provided for cross-environment applications to allow an application,
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running on a first OS, to be displayed and interacted with through a user interaction space

of a second OS, substantially as if running natively on the second operating system.

[0093] Non-Extended Rendering Context Embodiments

[0094] Somec cmbodiments handle concurrent uscr interface support across multiple OSs
without extending the graphics rendering context of the first operating system. The first
OS (e.g., the mobile OS, Android) is typically configured to define a single, active user
interaction space. The user interaction space includes an active display (e.g., with
agsociated characteristics, like resolution) and one or more active input devices for
allowing user interaction with the elements displayed on the active display. Accordingly,
the first OS establishes a rendering context through which it can render surface

information for applications that are running for display to the active display.

[0095] As described above, however, novel techniques are described herein for
effectively fooling the first OS into concurrently handling multiple user interaction
spaces. Moreover, the techniques allow the multiple user interaction spaces to be
associated with different (c.g., incompatible) operating systems on multiple computing
environments. Some embodiments involve techniques for handling the display outputs
through cross-environment remote rendering. Other embodiments involve techniques for

handling the user interaction in those contexts.

[0096] In cross-environment remote rendering, application graphics for an application
running on the first OS and displayed within a computing environment associated with a
second OS are rendered from within the second OS. In one embodiment, a console
application, running on the second OS, accesses surface information for the application
from shared memory and renders the application within a console window of the

computing environment associated with the second OS.

[0097] Suppose that a calendar application and a word processing application are both
compiled for and concurrently running on a first OS (e.g., mobile OS 130) on a mobile
device. A second OS (e.g., a non-mobile OS, like desktop OS 160) is running

concurrently on the mobile device using a shared kernel. A user has docked the mobile
device with a second, desktop computing environment, and desires to interact with the

word processing application through that desktop computing cnvironment. It is desirable
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to handle the user interaction space of the desktop computing environment using the
second OS of the mobile computing environment (i.e., the mobile device) in a way that is

transparent to the user.

[0098] FIG. 9 illustrates aspects of cross-environment remote rendering, according to
various embodiments. In application rendering diagram 900 illustrated in FIG. 9, the first
application 910 (e.g., calendar application) calculates updates for a first surface 912
within the first OS. The first surface 912 is stored in a first memory location in a shared
memory spacc by the first operating system. For cxample, the first memory location may
be a region of named shared memory. The first application 910 updates the back buffer
914 of the first surface 912. Similarly, the second application 930 (e.g., word processing
application) calculates updates for a second surface 932 using the first OS. The second
surface 932 is stored in a second memory location in the shared memory space (e.g., a

second region of named shared memory) by the first OS.

[0099] The first OS determines when to initiate a rendering sequence. For example, the
first OS may initiate a rendering sequence when surface information for surfaces 912
and/or 932 has changed. The first OS may perform a single loop over all surfaces,
including the first surface 912 and second surface 932, determining whether surface
information associated with particular applications has changed. In the rendering
sequence, if surface information for surface 912 has changed, the first OS swaps the front
buffer 916 and back buffer 914, such that the surface information that was in the back
buffer 914 is now in front buffer 916. The first operating system renders the first surface
912 into a third memory location 920 to create the final image 918 to be displayed within

a first user interaction space associated with the first OS.

[0100] If surface information for the second surface 932 has changed, the first OS notifies
the second OS that the surface information for the second surface 932 has changed.
Specifically, the first OS sends a draw notification to a console application of the second
OS indicating that surface 932 has been updated through an inter-process communication
channel. The draw notification may include a file descriptor to the front image 936,
and/or other characteristics of the shared memory space for front image 936 including
buffer size, layer order, etc. The console application maps the file descriptor to its process

spacc to obtain a rcference to the sccond memory location. Through the reference to the
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second memory location, the console application of the second OS reads directly the
surface information from the front image buffer 936 and renders the surface information
for the front image 936 of the second surface 932 in a console window 940 within a
second user interaction space associated with the second OS. In this way, the console
application can render the sccond application 930 in the console window 940 in rcal-time
without copying a graphics frame or surface information across processes. Instead, the
console application reads the surface information directly by mapping the shared memory
of the second surface 932 to its own process space using the file descriptor passed

through inter-process communication.

[0101] FIG. 10 shows a flow diagram 1000 of an illustrative method for cross-
environment remote rendering in a non-extended rendering context, according to various
embodiments. Embodiments maintain display of application graphics for a first
application (e.g., the calendar application) and a second application (e.g., the word
processing application), both compiled for and in active concurrent execution within a

first operating system.

[0102] The method 1000 begins at block 1004 by calculating updates to surfaces of the
first application using the first operating system. Calculating updates to the surfaces may
involve using application data to determine which surfaces have changed and in what
ways. For example, user interaction may have caused some surfaces to change position,
order (e.g., one layer may be partially in front of another layer, completely hidden by

another layer, etc.), size, color, texture, etc.

[0103] At block 1008, these updated surfaces of the first application are rendered using
the first opcrating system to gencrate a first graphics frame in a first memory location. For
example, a rendering engine of the first OS previously established a rendering context
associated with a display. A graphics frame can then be rendered by iterating through the
updated surface information to effectively draw a full or partial image of visible portions
of surfaces from the first application according to characteristics (e.g., resolution) of the
display associated with the rendering context. This graphics frame is rendered to a first
memory location. The memory location can be frame buffer memory, shared memory, or

any other useful memory location.
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[0104] In some embodiments, at block 1012, the rendered first graphics frame is
displayed from the first memory location to a display of a first computing environment
associated with the first operating system. For example, the first graphics frame is
rendered into a back buffer portion of the frame buffer of the mobile device.
Subscquently, the frame buffer flips (i.c., the back buffer portion becomes the front buffer
portion) and the now-front buffer portion of the frame buffer is displayed to the display of

the mobile device.

[0105] At block 1016, updates arc calculated to surfaces of the second application using
the first operating system. This may be performed substantially identically to the
calculation of block 1004 for surfaces of the first application. Unlike with the updated
surface data of the first application, however, the updated surface information of the
second application is not rendered by the first OS. Rather, at block 1020, the updated
surfaces of the second application are stored in a second memory location. The second
memory location is a shared memory location accessible by both the first and second

OSs, which are running concurrently on the shared kernel of the mobile device.

[0106] At block 1024, the updated surfaces of the second application are rendered using a
console application of the second operating system to generate a second graphics frame in
a third memory location. For example, console application 782 of FIG. 7 may render
updated surfaces of application 754 into frame buffer memory of the second OS (e.g.,
agsociated with the display of the second computing environment). In some embodiments,
at block 1028, the second graphics frame is displayed from the third memory location to a
display of a second computing environment associated with the second operating system.
For example, the display driver of the desktop computing environment display accesses
the frame buffer memory to access and display the second graphics frame. In certain
implementations, the console application also maintains a console interaction space, and
the second graphics frame is rendered into the console interaction space. For example, the
console application renders one or more windows on the desktop display, and the

graphics of the second application are displayed in one of those windows.

[0107] In some embodiments, the method 1000 iterates through the blocks to
concurrently maintain the graphics environments for both applications. For example, the

mobilc OS calculates updates to the first application’s graphics and renders those updates
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to mobile frame buffer memory; then the mobile OS calculates updates to the second
application’s graphics and stores those updates to shared memory, from where the
desktop OS’s console application renders those updates to desktop frame buffer memory;
then the method 1000 repeats with the next set of updates. Notably, some
implcmentations perform certain steps out of order and/or in parallel. For example, it may
be possible to calculate updates to surfaces for the first and second applications at
substantially the same time (i.e., perform blocks 1004 and 1016 substantially in parallel),
though only a portion of those updated surfaces will be rendered locally (e.g., at block
1008) and the other portion of those updated surfaces will be stored for remote rendering

(e.g., at blocks 1020 and 1024).

[0108] In one embodiment, an Android mobile OS and a full Linux OS (e.g., Hydroid)
are running concurrently on a shared kernel on a mobile device. When an Android
application is launched from Hydroid OS 660, a console application launches on Hydroid
OS 660 and requests that Android OS 430 launch the Android application and send draw
notifications for the Android application to the console application. Android OS 430
launches the Android application, associates the application with a virtual display TD and
registers the console application to receive draw notifications for the application. For
example, the Android graphics server (i.e., SurfaceFlinger) may allocate an unused virtual
display ID and associate the application with the virtual display ID through an application
object list. SurfaceFlinger allocates memory for surface information of the Android
application in shared memory and registers the console application to receive draw

notifications for the Android application.

[0109] When SurfaceFlinger determines that the surface information is updated,
SurfaceFlinger sends a draw notification to the console application through an inter-
process communication channel. For example, SurfaceFlinger may send the draw
notification to the console application through a unix domain socket, Binder interface,
and/or network socket. The draw notification includes a file descriptor to the surface
information. The file descriptor may be generated by SurfaceFlinger based on a
namespace for a named shared memory region of the surface. The draw notification may
also include data format, buffer size, and surface position information. The console
application maps the file descriptor to its process space and reads from the shared

memory location through the mapped file descriptor. The console application then renders

29



WO 2012/044738 PCT/US2011/053835

10

15

20

25

30

Page 326 of 1192

Attorney Dkt. No.: 50224-02136

the graphics frame for the application directly from the surface information. The rendered
graphics frame is then displayed by the desktop OS graphics system (i.e., through the X-
windows graphics system of Hydroid OS 660).

[0110] FIG. 11 illustrates a registration and drawing process flow 1100 for cross-
environment remote rendering in more detail, according to various embodiments.
Initially, console application 1102, running on Hydroid OS 660, requests through IPC
channel 525 of shared kernel 520 at step 1106 that an Android application be started and
displaycd within a uscr environment of Hydroid OS 660, or moved from a uscr
environment of Android OS 430 to a user environment of Hydroid OS 660. Android
requests from SurfaceFlinger 434 a virtual display ID for the application, starts the
application, and sets parameters for the virtual display at steps 1108, 1110, and 1112. At
step 1114, Android returns the display ID to the console application through IPC channel
525. At step 1116, the application requests a new surface, which SurfaceFlinger 434

creates by creating an instance of surface class 1104 at step 1118,

[0111] Console application 1102 instantiates a renderer object at step 1120, which
renders Android surface information through the X-window system of Hydroid OS 660.
At step 1122, console application 1102 registers a remotable interface of the renderer
object 1124 with SurfaceFlinger 434 to receive draw notifications for surface information
for the Android application. In one embodiment, the remotable interface of the renderer
object includes draw() and clear() methods that may be called through TPC channel 525.
At steps 1126 and 1128, SurfaceFlinger attaches the IPC object to the surface such that
the console application 1102 will be notified through the remotable interface when the

surface information has been updated.

[0112] Steps 1130 and 1132 are part of the render loop of process flow 1100. In the
render loop, SurfaceFlinger notifies console application 1102 that the surface information
is updated and passes a file descriptor to the surface information through IPC channel
525. For example, a draw method of the console application renderer may be called and
passed the file descriptor to the surface. Console application 1102 maps the file descriptor
10 its process space and accesses the referenced shared memory location to read the
surface information and render the graphics frame to be displayed on a display of a

sccond computing cnvironment associated with Hydroid OS 660.
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[0113] FIG. 12 shows a flow diagram 1200 of another illustrative method for cross-
environment rendering in a non-extended rendering context, according to various
embodiments. As with the method 1000 of FIG. 10, embodiments maintain display of
application graphics for a first application and a second application, both compiled for

and in activc concurrent exccution within a first operating system.

[0114] The method 1200 begins at block 1204 by establishing a first rendering context of
the first operating system. The rendering context may be unique to the display with which
it is associated. For cxample, implementations of the mobile OS can be associated with a
mobile device display having a certain resolution. The rendering context may be
established to match the resolution of the associated display, so that graphics will be
appropriately rendered for that resolution. At block 1208, the method 1200 calculates
updates to surfaces of the first application using the first operating system. As discussed
above, calculating updates to the surfaces may involve using application data to

determine which surfaces have changed and in what ways.

[0115] The updated surfaces of the first application are then rendered using the first
operating system, at block 1212, to generate a first graphics frame in a first memory
location. Rendering typically involves converting graphical primitives into bits (e.g., a
bitmap) that form a graphics frame for display. For example, surface information defines
mathematically properties of each surface, including shape, size, color, layering order
(i.e., which other surfaces it is in front or in back of), transparency, etc. The rendering
engine of the OS can interpret the surface data to determine, at each location (e.g., “X, Y”
location) in the rendering context, what bit to display as a function of rendering all the
surface information (e.g., using iterative compositing, ray-tracing, and/or other
techniques). The updated surfaces of the first application can be rendered, using the first
rendering context, into a bitmap for storage into the first memory location (e.g., frame

buffer memory, shared memory, or any other useful memory location).

[0116] In some embodiments, at block 1216, the first graphics frame is displayed from
the first memory location to a display of a first computing environment associated with
the first operating system. For example, a display driver for the mobile device display

accesses associated frame buffer memory to display the bitmap generated in the first
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rendering context. At block 1220, the first rendering context is disestablished (e.g., “torn

down™).

[0117] At block 1224, a second rendering context of the first operating system is
established. In some implementations, the second rendering context is identical to the first
rendering context. However, the second rendering context may also be established
according to characteristics of a display of the second computing environment (e.g., the
desktop display). Updates to surfaces of the second application are calculated using the
first operating system at block 1228. Thesc updates arc then rendered, at block 1232, in
the second rendering context of the first operating system to generate a second graphics
frame in a second memory location. Notably, the second memory location is a shared
memory location accessible by both the first operating system and the second operating

system, which are running concurrently on the shared kernel of the mobile device.

[0118] In some embodiments, at block 1236, the second graphics frame is displayed from
the second memory location to a display of a second computing environment associated
with the second operating system. It is worth noting that, unlike in FIG. 10, both
applications’ updated graphics frames are rendered using the first OS’s rendering engine.
For example, the console application of the second OS can access the second, shared
memory location to directly retrieve a rendered bitmap for display to the second
computing environment’s display. At block 1240, the second rendering context is

disestablished.

[0119] In some embodiments, the method 1200 iterates through the blocks to
concurrently maintain the graphics environments for both applications. For example, the
mobile OS iteratively cstablishes, uscs, and tcars down a rendering context for the first
application; then establishes, uses, and tears down a rendering context for the second
application. Using this technique, all the rendering can be performed by one OS (i.e., by
the rendering engine of the first OS), and there is no need to provide or use rendering
functionality of the other OS. However, the technique involves additional overhead

associated with repeatedly establishing and tearing down rendering contexts.

|0120] The above embodiments of cross-environment rendering describe how a graphics
frame for an application running on a first OS may be displayed within a console window
of a user interaction space of a second OS in a multi-OS computing environment using
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non-extended rendering contexts. To support user interaction with such cross-
environment applications, embodiments redirect input events from the user interaction
space of the second OS to the first OS in such a way that cross-environment applications
receive input events as if coming from the user interaction space of the first OS (i.e., the
application receives the input cvents through the same cvent handlers and/or views
through which it would receive user input if displayed within the user interaction space of
the first OS).

[0121] Referring back to FIGS. 7 and 8, desktop OS 160 is configured to provide a
second user interaction space through secondary terminal environment 840 suitable to a
desktop computing experience. As described above, application 752 may be displayed
within the user interaction space of mobile OS 130 while application 754, running on
mobile OS 130, is displayed in console window 882 of the second user interaction space
through console application 782 running on desktop OS 160 using embodiments of cross-
environment rendering described above. Notably, applications 752 and 754 can be any
applications compiled for mobile OS 130, running within the mobile OS runtime
cnvironment and aceepting input cvents through the mobile OS framework without
modification for being displayed or interacted with remotely (not on the user interaction

space of mobile OS 130).

[0122] FIG. 13 illustrates OS architecture configuration 300b for providing user
interaction support to cross-environment applications, according to various embodiments.
In OS architecture configuration 300b, device drivers in shared kernel 320 implement the
hardware interfaces for /O devices 844, 846, and/or 848 that make up secondary terminal
environment 840. Through the device drivers, input events for these devices appear in
devices 1364, 1366, and/or 1368 of /O devices 1360 of shared kernel 320. Because
system resources of shared kernel 320 are available to both mobile OS 130 and desktop
OS 160, mobile OS determines whether input events on input devices 1364, 1366, and/or
1368 are intended for mobile OS 130. When desktop OS 160 is configured to provide a
second user interaction space (i.e., mobile computing device 110 is docked to secondary
terminal environment 840), mobile OS 130 ignores input events from input devices
associated with the second user interaction space. In OS architecture configuration 300D,
mobile OS 130 ignores input events from devices 1364, 1366, and/or 1368. In this
instance, desktop OS 160 accepts input events from devices 1364, 1366, and/or 1368.
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[0123] Desktop OS 160 processes input events from devices 1364, 1366, and/or 1368 and
determines how to distribute the events to various windows or GUI elements within
desktop OS 160. For example, window system 774 of desktop OS 160 may accept input
events from devices 1364, 1366, and/or 1368. In one embodiment, the graphics system of

desktop OS 160 is an X-windows graphics system.

[0124] In one instance, the user clicks a button of a pointing device at a screen location
within console window 882 of console application 782. A corresponding input event
appears in device 1368 and desktop OS 160 reccives and processes the input cvent.
Window system 774 directs the input event to console application 782 through which
application 754, running on mobile OS 130, is displayed using embodiments of cross-
environment rendering. As described above, application 754 is a mobile application and
instantiates views and other event handlers using libraries of mobile OS 130 that receive
input from the input queue 736 of mobile OS 130 to accept user input. To present the
input event to application 754 in such a way that application 754 will properly interpret
the input event, console application 782 maps the input event to the graphics context of
mobile OS 130 and passcs the event to the input queuc 736 of mobile OS 130 through
virtual input device 1370. Virtual input device 1370 appears to mobile OS 130 as an input
device with the proper input event protocol for mobile OS 130. In addition, input events
are formatted by console application 782 to be relative to the graphics context of mobile
OS 130. Mobile OS 130 associates virtual input device 1370 with application 754 such
that application 754 receives the input event from the mobile OS event queue. For
example, mobile OS 130 may associate virtual input device 1370 with the virtual display
ID of application 754. In this way, application 754 receives and processes the input event
just as if application 754 was displaycd and intcracted with through the uscr intcraction

space of mobile OS 130.

[0125] FIG. 14 illustrates aspects of user interaction support for cross-environment
applications rendered using a non-extended graphics context, according to various
embodiments. The method 1400 begins at block 1402, when an input event is received
from an input device (e.g., keyboard 846, pointing device 848) connected to mobile
computing device 110. As described above, the input event may appear in an input device
in the shared kernel. At block 1404, the mobile OS determines whether mobile computing
device 110 is docked and the desktop OS is associated with the input device. For
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example, if mobile computing device 110 is not docked with a secondary terminal
environment and the desktop OS is suspended, the mobile OS may determine that the
desktop OS is not associated with the input device. If the desktop OS is suspended or the
input device is not part of a secondary terminal environment associated with the desktop

08, the mobile OS accepts the input command from the input device at block 1406.

[0126] If the desktop OS is not suspended and the input device is part of a secondary
terminal environment associated with the desktop OS, the mobile OS ignores the input
cvent on the input device and the desktop OS accepts the input cvent at block 1408. At
block 1410, the desktop OS distributes the input event to the appropriate window or GUT
element within the desktop OS. If the input event is not directed to the console window,
the input event is directed to another window or GUI element at block 1412. If the input
event is directed to the console window (e.g., the user clicks a pointing device within the
console window area), the input event is passed to the console application as an input

event at block 1414.

[0127] Atblock 1416, a virtual input device is generated for input events from the
console application. The virtual input device may be generated in the shared kernel or
input events may be written directly into the mobile OS input devices. At block 1418, the
console application maps the input event to the graphics context of the mobile OS. For
example, the console application may map the position of an input event within the
console window of the console application to the position within the graphics context of
the mobile OS. The console application may translate the input event for an input format
or input mode state for the mobile OS. For example, an input format may be different
between the desktop OS and the mobile OS. Even with common input formats, the
desktop OS and mobile OS may have different input mode states. For example, the
desktop OS may be processing input events using a non-touch mode input state while the
mobile OS is in a touch mode input state. In this instance, an input event generated by a
pointing device in the desktop OS user interaction space may be translated to appear as a

gesture-based event in the virtual input device.

[0128] At block 1420, the virtual input device is associated in the mobile OS with the
virtual display device for the application displayed within the console window. For

cxample, multiple applications may be running on the mobile OS and displaycd within
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different console windows on the user interaction space of the desktop OS. Each
application displayed within a separate console window in the user interaction space of
the desktop OS is assigned a virtual display ID within the mobile OS. Therefore, when
the mobile OS receives an input event from a console application of the desktop OS
through a virtual device, the mobile OS can map the virtual device to the correct
application through the virtual display ID. At block 1422, the input event is passed to the
application associated with the virtual display and the application can process the input
event as if it occurred through a user interaction space of the mobile OS. Notably, the
above method works with any application of mobile OS 130, the application does not
need to be specially designed to accept input events through the console application of the
desktop OS.

[0129] Extended Rendering Context Embodiments

[0130] Some embodiments handle concurrent user interface support across multiple OSs
by establishing extended rendering contexts within the first operating system. As
discussed above, the first OS (e.g., the mobile OS, Android) is typically configured to
define a single, active user interaction space with a single active rendering context. Novel
techniques are described herein for effectively fooling the first OS into concurrently
handling multiple user interaction spaces by tiling a number of so-called “context spaces”
into a single, extended rendering space and associating each context space with a different
display. Embodiments include techniques for handling the display outputs to multiple

user interaction spaces and techniques for handling the user interaction in those contexts.

[0131] Returning to the example discussed above with reference to the non-extended
rendering context cmbodiments, supposc again that a calendar application and a word
processing application are both compiled for a first OS (e.g., mobile OS, Android OS)
and are both running concurrently within the first OS on a mobile device. A second OS
(e.g., a non-mobile OS, like Hydroid) is running concurrently on the mobile device using
a shared kernel. A user has docked the mobile device with a second, desktop computing
environment, and the desktop computing environment is associated with and displaying
the user interaction space for the second OS. The user desires to interact with the word
processing application, running on the first OS, through the desktop computing

cnvironment of the sccond OS. Tt is desirable to handle the user interaction space of the
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desktop computing environment using the second OS of the mobile computing

environment (i.e., the mobile device) in a way that is transparent to the user.

[0132] FIG. 15 illustrates aspects of concurrent user interface support across multiple
OSs using extended rendering contexts, according to various embodiments. In application
rendering diagram 1500 illustrated in FIG. 15, the first application 1510 (e.g., calendar
application) calculates updates for a first surface 1512 within the first OS. The first
surface 1512 is stored in a first memory location in a shared memory space by the first
OS. Spccifically, the first application 1510 updatces the back buffer 1514 of the first
surface 1512. Similarly, the second application 1530 (e.g., word processing application)
calculates updates for a second surface 1532 using the first operating system. Again, the
updates by the second application 1530 to the second surface 1532 are made to the back
buffer 1534. The second surface 1532 is stored in a second memory location in the shared

memory space by the first OS.

[0133] The first OS determines when surface information is changed and initiates a
rendering sequence. The first OS may perform a single loop over all surfaces, including
the first surface 1512 and second surface 1532, determining when surface information
associated with particular applications has changed. In the rendering sequence, the first
OS determines when surface information is changed and swaps the front buffer 1516 and
back buffer 1514 of the first surface 1512, and the front buffer 1536 and back buffer 1534
of the second surface 1532. The first OS establishes an extended rendering context 1520
in a third memory location in a shared memory space and renders the first surface 1512
nto a first context space 1522 of the extended rendering context 1520. The first OS
renders the second surface 1533 into a second context space 1524 of the extended

rendering context 1520.

[0134] In embodiments, the extended rendering context 1520 may overlap in memory
space with the frame buffer of the first OS. For example, the memory location of the first
context space 1522 of the extended rendering context 1520 may be coextensive with the
frame buffer of the first OS. The first OS passes a notification to the second OS that the
final image is rendered at the third memory location. For example, the first OS may pass a
file descriptor to the shared memory location of the second context space 1524 of the

cxtended context 1520 to a consolc application of the sccond OS through an inter-process
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communication channel. The second OS accesses the second portion of the extended
graphics context at the third memory location to retrieve the rendered graphics frame
1538 for display in the console window 1540 of the second OS. For example, the console
application of the second OS may map the file descriptor to its process space and read the
rendered graphics frame from the third memory location for display within the user
interaction space of the second OS. In this way, the second OS displays the rendered

graphics frame for the second application within its user interaction space in real-time.

[0135] FIG. 16 shows a flow diagram 1600 of an illustrative mcthod for cross-
environment rendering using an extended rendering context, according to various
embodiments. Embodiments maintain display of application graphics for a first
application (e.g., a calendar application) and a second application (e.g., a word processing
application). It is assumed that both applications are compiled for and in active concurrent
execution within a first operating system (e.g., the Android OS), but that a user desires to
interact with the second application through a second computing environment associated
with a second OS. Notably, these techniques can be applied in environments where the
two OSs arc incompatiblc (c.g., applications compiled for the first OS could not be
directly executed on the second OS). In some implementations, as described above, the
two OSs are running independently and concurrently on a shared kernel of the mobile

device.

[0136] The method 1600 begins at block 1604 by establishing an extended rendering
context of the first OS. As discussed above, the rendering context is typically established
according to characteristics of a single, active display. However, the extended rendering
context is established to have a first context space associated with the first application and
a second context space associated with the second application. The first and second

context spaces are non-overlapping.

[0137] In some embodiments, the extended rendering context is generated by tiling the
active display of the local device (e.g., the display of the mobile device having the shared
kernel) and any virtual displays (i.e., displays of the first OS associated with console
windows displayed within the user interaction space of the second OS) to form what
looks to the first OS to be one, large display. Regions of the extended rendering context

arc designated as non-overlapping context spaces to maintain their association with their
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respective physical or virtual displays. Notably, in some implementations, different
context spaces may have different resolutions or other characteristics. Also, in certain
embodiments, context spaces are not contiguous. For example, the extended rendering
context is established in such a way that space is left between each context space that is

not assigned to any context spacc.

[0138] At block 1608, updates are calculated to surfaces of the first application and the
second application using the first operating system. The updated surfaces are then
rendered using the first operating system, at block 1612, to gencrate an cxtended graphics
frame in a shared memory location accessible by both the first operating system and a
second operating system (e.g., which may be running concurrently on a shared kernel). A
first portion of the extended graphics frame is associated with the first context space
(associated with the first application) and a second portion of the extended graphics frame
is associated with the second context space (associated with the second application. When
the rendering occurs at block 1608, the updated surfaces of the first application are
rendered to the first portion of the extended graphics frame, and the updated surfaces of
the sceond application are rendered to the sccond portion of the extended graphics frame.
It is worth noting that, in this way, the extended graphics frame effectively includes

rendered surfaces of both applications tiled into their appropriate context spaces.

[0139] In some embodiments, at block 1616, the first portion of the extended graphics
frame associated with the first context space is displayed from the shared memory
location to a display(s) of a first computing environment associated with the first OS. For
example, as discussed above, the shared memory location is frame buffer memory (or is
copied to frame buffer memory) of the mobile device, and a display device driver of the
mobile device accesses the frame buffer memory to display the first portion of the
extended graphics frame to its display(s). Further, in some embodiments, the second
portion of the extended graphics frame associated with the second motion space is
displayed, at block 1620, from the shared memory location to a display of a second
computing environment associated with the second operating system. For example, as
discussed above, the shared memory location is copied to frame buffer memory of the
second OS associated with the second (e.g., desktop) computing environment, and a
display device driver displays the second portion of the extended graphics frame to a

display of the second computing environment.
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[0140] In embodiments discussed with reference to FIG. 12, rendering for the second
application’s updated graphics is performed remotely by the second OS. In embodiments
discussed with reference to FIG. 15, rendering for both applications is performed locally
by the rendering engine of the mobile device, but the rendering context is continually
cstablished and discstablished. The embodiments discussed with reference to FIG. 16
allow rendering for both applications to be performed locally by the rendering engine of
the mobile device, while maintaining a single, albeit extended, rendering context (i.e.,

without disestablishing the rendering context).

[0141] FIG. 17 shows a flow diagram 1700 of another illustrative method for cross-
environment rendering using an extended rendering context, according to various
embodiments. As in the method 1600 of F1G. 16, embodiments maintain display of
application graphics for a first application and a second application that are both compiled
for and in active concurrent execution within a first operating system. The method 1700
begins by establishing an extended rendering context of the first operating system at
block 1704 and calculating updates to surfaces of the first application and the second
application using the first operating system at block 1708. As discussed above, the
extended rendering context is established to have a first context space associated with the
first application and a second context space associated with the second application. The
first and second context spaces are non-overlapping. In some implementations, blocks
1704 and 1708 are performed in a substantially identical manner to blocks 1604 and
1608, respectively.

[0142] At block 1712, the updated surfaces of the first application are rendered according
to the first context space using the first operating system to generate a first graphics frame
in a frame buffer of the first operating system. For example, the first context space may
be associated with a particular resolution, particular tiling offsets (e.g., starting “X”
position), etc. In some implementations, the first graphics frame is generated in a
substantially identical manner to generation of the respective portion of the extended
graphics frame in the method 1600 of FIG. 16. In some embodiments, at block 1716, the
first graphics frame associated with the first context space is displayed from the frame
buffer to a display of a first computing environment associated with the first operating

system,
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[0143] At block 1720, the updated surfaces of the second application are rendered using
the first operating system to generate a second graphics frame in a shared memory
location. As discussed above, the shared memory location is accessible by both the first
operating system and a second operating system (e.g., which may be running concurrently
on a sharcd kernel). Tn some embodiments, at block 1724, the sccond graphics frame
associated with the second motion space is displayed from the shared memory location to
a display of a second computing environment associated with the second operating

system,

[0144] Notably, the embodiments of both FIGS. 16 and 17 establish extended rendering
contexts with context spaces for each application. However, while the method 1600 of
FIG. 16 renders all the graphics updates into a single extended bitmap, the method 1700
of FIG. 17 renders the graphics updates into separate bitmaps. One or the other technique
may be desirable, for example, depending on how memory is being managed and/or

accessed.

[0145] As with the embodiment of FIG. 12, in the embodiments of FIGS. 16 and 17 both
applications’ updated graphics frames are rendered using the first OS’s rendering engine.
Using the first OS’s rendering engine allows both applications to use hardware
acceleration capabilities of the mobile device that are available in the first OS. For
example, in the embodiments of FIGS. 12, 16, and/or 17, either or both of the first and the
second application may be rendered by the first OS using 2D or 3D hardware-assisted

rendering.

[0146] Remote display of a graphics frame for an application running on a first OS (i.c.,
mobile OS, Android) using an cxtended rendering context provides a way for the first OS
to provide rendering for multiple applications for display within multiple user interaction
spaces using a single rendering context. However, an extended rendering context creates
issues for handling input events for applications displayed through the extended rendering
context. Specifically, the input queue of the first OS must be configured to handle
multiple input events from multiple applications displayed through separate virtual

displays of an extended rendering context.

[0147] Embodiments of cross-environment user interaction support are directed to
handling user input events for multiple applications running on a first OS and displayed
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on multiple separate user interaction spaces (i.¢., the mobile device user interaction space
and a desktop OS user interaction space) through an extended rendering context of the
first OS. Embodiments include an extended input queue where input events from virtual
input devices for remotely displayed applications are mapped to separate motion spaces
within the input queuc. For cxamplc, a first application (c.g., calendar application) is
running on a first OS and is being displayed to a first display associated with the first
device (e.g., the display of the mobile device on which the first OS is running). A second
application (e.g., word processing application) is also running concurrently with the first
application, but is rendered within a context space (i.¢., virtual display) of the extended
rendering context and displayed on a second user interaction space of a second OS
running concurrently with the first OS on a shared kernel of a mobile device. The first OS
renders a graphics frame through an extended rendering context that includes both
application graphics for the first application in thc first context space (i.c., thc mobile
device display) and the second application in the second context space. The second
context space is displayed on a user interaction space of the second OS through a console

application running on the second OS.

[0148] Input events for applications displayed remotely through an extended rendering
context are received by the second OS (i.e., desktop OS, Hydroid) and passed to a virtual
input device by the console application of the second OS in the same manner as described
above for non-extended graphics contexts. However, as described above, the input events
received in the mobile OS from the virtual input device are relative to the console
window displayed within the user interaction space of the second OS. Virtual input
devices are mapped to motion spaces within the extended input queue that are associated
with virtual displays corrcsponding to remotely displayed applications. The cxtended
input queue allows the first OS to correctly process input from multiple local and virtual
input devices intended for multiple concurrently executing applications using a single

input queue.

[0149] FIGS. 18a and 18b illustrate aspects of user interaction support for cross-
environment applications using an extended rendering context, according to various
embodiments. FIG. 18a illustrates a user interaction space 1810 that is remotely
displaying applications running on a first OS (e.g., the GUI of the second OS displaying

applications running in the first OS). For example, first, second, and third applications

42



WO 2012/044738 PCT/US2011/053835

10

15

20

25

30

Page 339 of 1192

Attorney Dkt. No.: 50224-02136

may be running on the first OS (i.e., in active concurrent execution with the first OS). The
first OS may display the first, second, and third applications within a first, second, and
third context space of an extended rendering context of the first OS according to
embodiments described above. Console windows 1812 and 1814 in user interaction space
1810 may be displaying the sccond application and the third application running in the

first OS, respectively.

[0150] FIG. 18b illustrates an extended input queue 1840 of the first OS that provides
uscr interaction support for cach application running on the first OS. The extended input
queue 1840 includes a first motion space 1842, a second motion space 1844, and a third
motion space 1846. The first motion space is associated with the first context space of the
extended rendering context of the first OS, which is typically used to render a non-virtual
display 1852 of the first OS (i.e., the context space associated with display(s) 116 of
mobile computing device 110). The second and third motion spaces are associated with
virtual displays 1854, 1856, which are rendered through the second and third context

spaces, respectively.

[0151] When an input event occurs that is directed to a console window of a remotely
displayed application, the input event is directed to the motion space associated with the
virtual display through which the application is displayed. For example, if the user clicks
with a pointing device within console window 1812 of user interaction space 1810, as
indicated by input event 1820, the window system of the second OS directs the input
event to the console application associated with console window 1812. The console
application maps the input event to a virtual input device as described above. However,
the input event is relative to the console window 1812. If the input event is fed directly to
the input queue of the first OS, the input event would not be directed to the correct
application event handler. Therefore, the input event 1820 from the virtual input device is
remapped to the second motion space 1844. In this way, the extended input queue directs
the input event to event handlers of the second application which receive and process the

input event 1820.

[0152] In embodiments, virtual displays are offset within the mobile OS input queue. For
example, in FIG. 18b, virtual displays 1854 and 1856 are offset by virtual display offset
1858 within the mobile OS input qucuc 1840. Virtual display offsct 1858 prevents virtual
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displays from appearing adjacent within the input queue, which may cause an input event
intended for one virtual display from being interpreted within a motion space associated

with a different application. The virtual display offset should be large enough never to be
used as an actual virtual display resolution parameter. In one embodiment, virtual display

offsct 1858 is sclected to be 10000 pixcls.

[0153] FIG. 19 illustrates a method 1900 for receiving input events for cross-environment
applications displayed through an extended rendering context, according to various
cmbodiments. For cxample, mcthod 1900 may be uscd to process input cvents for a first
application and a second application running within a first OS, the first application
displayed locally on the user interaction space of the first OS and the second application
displayed remotely in a user interaction space of a second OS through an extended

rendering context of the first OS.

[0154] Method 1900 begins at block 1902, when a first user input is received in a first
08, a first application and a second application in active concurrent execution within the
first OS, the first application displayed within a first user environment associated with the
first OS and the second application displayed within a second user environment
associated with a second OS, the first and second operating systems running concurrently
on a shared kernel, the first OS maintaining application graphics for the second
application by rendering a graphics frame for the second application through a first virtual
display of an extended rendering context. At block 1904, the first OS establishes an
extended input queue that includes a first motion space and a second motion space, the
second motion space corresponding to the first virtual display. For example, the first
operating system allocates the first virtual display for the second application, establishes
an extended rendering context having a first context space and a second context space,
agsociates the first virtual display with the second context space, and renders a graphics
frame for the second application through the second context space of the extended

rendering context using the techniques described above.

[0155] At block 1906, a first user input event is received by the first OS at a first virtual
input device from a first console application running in the second OS that is displaying
the rendered graphics frame for the second application through the second OS. At block

1908, the first virtual input device is mapped to the sccond motion space of the extended
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input queue of the first operating system. Mapping the first virtual input device to the
second motion space allows the extended input queue of the first OS to correctly associate
input events from the first virtual input device to event handlers within views of the
second application. Specifically, when the input event is mapped to the second motion
spacc, the first OS will treat the input cvent as occurring at a location associated with the
second application in the extended input queue. At block 1910, the first OS passes the
first user input event to the second application from the mapped first virtual input device.
The extended input queue uses the tiled nature of the extended rendering context to
enable the input queue to handle multiple input events from multiple user interaction
spaces and direct the input events to the appropriate event handlers of the intended

applications.

[0156] Mirrored Context Embodiments

[0157] Embodiments of the extended and non-extended rendering contexts are described
above in the context of maintaining concurrent user interaction space support across
multiple applications over multiple operating systems. In many instances, it is desirable to
mirror the context for a single user interaction space. It is desired to view and interact
with the first OS (i.e., to “mirror” the interaction space) concurrently in a second
computing environment associated with a second OS (e.g., a desktop environment
associated with Hydriod OS). Through the mirrored user interaction space, the user can
interact with the first OS as if interacting through the local device (i.e., the user can
browse available applications, start and stop applications, use the search capabilities of

the first OS, etc.).

[0158] The first OS (c.g., the mobile OS, Android) is typically configured to dcfinc a
single, active user interaction space. The user interaction space includes an active display
(e.g., with associated characteristics, like resolution) and one or more active input devices
for allowing user interaction with the elements displayed on the active display. Novel
techniques are presented for using cross-environment rendering to provide one or more
mirrored user interaction spaces across multiple OSs. As discussed above, embodiments
operate even where the multiple OSs are incompatible and/or are running independently

and concurrently on a shared kernel.
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[0159] Maintaining concurrent user interaction support with a mirrored context may be
accomplished using many of the same system elements referred to above with regard to
maintaining concurrent user interaction support for cross-environment applications. For
example, referring to FIG. 7, the graphics context for mobile OS 130 may be actively
displaying an application (c.g., applications 752 and/or 754) and/or a home scrcen of the
mobile OS 130 (e.g., home screen application 451 of Android OS 430). Surface
information for an actively displayed application and/or the home screen of the mobile
OS may be stored within shared memory 724. The mirrored context for mobile OS 130
may be displayed within the user interaction space of desktop OS 160 through console
application 782.

[0160] F1G. 20 shows a flow diagram 2000 of an illustrative method for cross-
environment rendering of a graphics context to provide a mirrored user interaction space,
according to various embodiments. The method 2000 begins at block 2004 by calculating,
using a first operating system, updates to a set of surfaces of a first application compiled
for and in active execution within the first operating system. For example, calculations
arc madc to dctermine changes in surface shapcs, sizcs, texturces, laycring, cte. The
surface updates are then rendered at block 2008, using the first operating system, to
generate a graphics frame. The graphics frame may be a bitmap that reflects the updated

graphics information for the application.

[0161] At block 2012, the graphics frame is stored in a shared memory location
accessible by both the first operating system and a second operating system. In some
embodiments, the first and second OS are running concurrently on a shared kernel. The
graphics frame may be displayed to a first application display of the first application on a
first display of a first computing environment using the first operating system at block
2016. For example, the shared memory location may be frame buffer memory or may be
copied to a frame buffer of the first operating system. A display device driver of the local
device (e.g., which is running the shared kernel) accesses the frame buffer memory to

display the bitmap.

[0162] Subsequent to storing the graphics frame in the shared memory location at block
2012, it is desirable to inform the second OS that the updated graphics information is

availablc. At block 2020, a file descriptor is passed, indicating the sharcd memory
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location to a console application compiled for and in active execution within the second
OS. In some implementations, the file descriptor includes an indication of the shared
memory location. In other implementations, the file descriptor includes additional
information, like a flag indicating availability of updated graphics information for the

application bcing mirrored.

[0163] As described above, the console application may be an X-Windows or similar
type of application that is displayed within a window of a display in the second
computing cnvironment. At block 2024, the consolc application accesses the updated
graphics information (e.g., the bitmap) at the shared memory location according to the file
descriptor and displays the graphics frame from the shared memory location to a second
application display of the first application on a second display of a second computing
environment. In some embodiments, the updated graphics information of the application
is displayed substantially concurrently on the displays of both the first and second

computing environments.

[0164] FIG. 21 shows a flow diagram 2100 of another illustrative method for cross-
environment rendering of a graphics context to provide a mirrored user interaction space,
according to various embodiments. As in FIG. 20, the method 2100 begins at block 2104
by calculating, using a first operating system, updates to a set of surfaces of a first
application compiled for and in active execution within the first operating system. At
block 2108, the updated set of surfaces is stored in a shared memory location accessible
by both the first operating system and a second operating system (e.g., running

concurrently on a shared kernel).

[0165] At block 2112, the updated sct of surfaccs is rendered with the first operating
system to generate a first graphics frame. The first graphics frame can then be displayed,
at block 2116, to a first application display of the first application on a first display of a
first computing environment using the first operating system. For example, the mobile OS
130 renders the updated application graphics and displays the updated graphics to the
display(s) 116 of the mobile device 110.

[0166]| At any time subsequent to storing the updated set of surfaces in shared memory in
block 2108, it is desirable to notify the second OS that the updated graphics information
is available. At block 2120, a file descriptor is passed indicating the shared memory
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location to a console application compiled for and in active execution within the second
operating system. Notably, the information stored in the shared memory is un-rendered
surface information (e.g., geometric primitives) rather than rendered bits as in the method
2000 of FIG. 20.

[0167] Accordingly, at block 2124, the updated set of surfaces is rendered by the second
operating system (e.g., via the console application according to the file descriptor) from
the shared memory location to generate a second graphics frame that is substantially
identical to the first graphics frame. At block 2128, the sccond graphics frame is
displayed to a second application display of the first application on a second display of a
second computing environment via the console application of the second operating
system, such that the second application display is substantially identical to the first

application display.

[0168] It is worth noting that additional overhead may be involved in replicating the
rendering on both the first and second operating systems. However, this additional
overhead may be worthwhile in a number of circumstances. For example, where the
displays of the different computing environments have appreciably different
characteristics, it may be desirable to render updated graphics information in separate

rendering contexts that are each suited for a respective one of the displays.

[0169] The methods of FIGS. 20 and 21 describe cross-environment mirroring of a
graphics context with active display of an application running in the first OS within the
mirrored graphics context. However, the methods may be used where no application is
actively displayed within the graphics context. For example, the graphics context may be
displaying a homc screen or other featurce (c.g., scarch screen, ctc.) of the first OS. In
these instances, the surface information for the graphics context is updated by a
component of the first OS, and the other steps of the methods of FIGS. 20 and 21 may be

performed to provide the mirrored graphics context in the second application display.

[0170] Notably, cross-cnvironment mirroring of a graphics contcxt may be employced
concurrently with cross-environment rendering of an application. For example, a method
according to FIG. 20 or 21 may be used to mirror the active graphics context of the user
interaction space of the mobile device to a second user environment at the same time that
an application running on the first OS is displayed within the second user environment
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using the techniques for cross-environment rendering of an application described above.
Referring to FIG. 8 for the sake of illustration, the user interaction space of the mobile OS
may be displayed within a first console window 882 while a mobile OS application is
displayed within a second console window 884 within the user interaction space of the
desktop OS on display 844.

[0171] Providing user interaction support for a mirrored graphics context may be
performed in substantially the same way as providing user interface support for a cross-
cnvironment application illustrated in FIGS. 13, 14, 18, and/or 19. Spccifically, input
events may be provided from a console application of the second OS to a virtual input
device. The first OS may accept input events from the virtual input device through an

extended or a non-extended input queue.

[0172] Cross-Environment Redirection Embodiments

[0173] The techniques described above provide cross-environment user interaction
support for applications and graphics contexts of a first operating system through a user
intcraction spacc of a sccond operating system. To facilitatc a transparcnt cross-
environment use model, embodiments are directed to providing access to applications
and/or mirrored contexts of a first operating system from the user interaction space of the

second operating system.

[0174] Referring back to FIG. 8, a user may interact with a first OS (i.e., mobile OS,
Android) through a first user interaction space that includes the interaction components
(i.e., touch screen display(s) 116, other /O device(s) 118) on the mobile device. The user
may also interact with a second OS (i.e., desktop OS, Hydroid) through a second user
interaction space including a display 844 of secondary terminal environment 840. As
described above, the set of applications available for (i.e., compiled for and loaded within
the execution environment of) desktop OS 160 may be different than that available for
mobile OS 130. Embodiments are directed to making applications of mobile OS 130
accessible within the uscr interaction space of desktop OS 160 by providing mcnu icons
or menu list items within menus of the user interaction space of desktop OS 160 for

applications available on mobile OS 130.
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[0175] FIG. 22 illustrates aspects of cross-environment redirection, according to various
embodiments. Within computing environment 2200 illustrated in FIG. 22, a user interacts
with desktop OS 160 through desktop OS user interaction space 2202, Within desktop OS
user interaction space 2202, menu bar 2220 includes icons or lists of available
applications. To launch an application, the uscr sclects the application name or icon from
the menu bar or from drop-down or pop-up-lists of menu bar 2220. Traditionally, menu
bar 2220 includes only menu items or icons for applications available on desktop OS 160.
For example, menu items 2222, 2224, 2226, and/or 2228 may be applications available on
(i.e., compiled for and loaded within the execution environment of) desktop OS 160.
Embodiments of the invention are directed to providing cross-environment access to
applications and/or the graphics context of mobile OS 130 from desktop OS user
interaction space 2202. For example, menu items 2232, 2234, 2236, 2237, and/or 2238
may indicatc applications availablc on mobilc OS 130 and/or thc graphics context of

mobile OS 130.

[0176] Desktop OS user interaction space 2202 is displayed on a display within a user
intcraction spacc (c.g., sccondary terminal cnvironment 840) associated with desktop OS
160. Menu bar 2220 of desktop OS 160 includes menu items 2222, 2224, 2226, and/or
2228 associated with applications compiled for and loaded on desktop OS 160 (e.g.,
compiled for Hydroid/Linux and loaded within the execution environment of Hydroid
0OS). Menu bar 2220 also includes menu items 2234, 2236, 2237, and/or 2238 associated
with applications compiled for and loaded on mobile OS 130 (e.g., compiled for Android
and loaded within the Android execution environment). When the user selects one of
menu items 2234, 2236, and/or 2238, the associated application is launched on mobile OS
130 and displaycd within a console window of desktop OS 160, for cxamplc, within
window 2216 of desktop OS user interaction space 2202. Menu item 2232 may be
associated with the mobile OS graphics context such that if menu item 2232 is selected,
the graphics context of the mobile OS is displayed within a console window of desktop
0S 160.

[0177] FIG. 23 illustrates process flow 2300 that may be employed to build menu bar
2220 of desktop OS 160. At step 2302 of process flow 2300, desktop OS 160 queries
mobile OS 130 for a list of available applications. In one embodiment, a system service or

launcher application of desktop OS 160 queries a service of mobile OS 130 for all
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launchable mobile OS application shortcuts. Mobile OS 130 responds with a list of
applications that are available (i.e., launchable shortcuts for available mobile OS
applications). The list of available applications may include all applications available on
mobile OS 130 (all applications loaded and executable on mobile OS 130) or a subset of
availablc mobilc OS applications. For cxamplc, the list may include all applications that
appear on the application menu screen(s) of the mobile OS GUI. At step 2304, desktop
OS 160 receives the list of applications from mobile OS 130. The list of applications
returned by mobile OS 130 includes application package names for each listed

application, and may also include application names and icons for each listed application.

[0178] Desktop OS 160 creates the menu items in menu bar 2220 for each application of
the list of applications by iterating over blocks 2306, 2308, and 2310. For each
application, desktop OS 160 instantiates an icon for the application in menu bar 2220 at
block 2306, associates the icon with a console application of desktop OS 160 at block
2308, and associates a parameter that indicates the package name of the application with
the icon at block 2310. The console application runs on desktop OS 160 and displays
graphics information for the application within desktop OS 160, using cmbodiments of
cross-environment rendering described above. In this way, when a user selects the menu
item, the console application is launched on desktop OS 160, and the package name of the

application is passed to the console application.

[0179] Desktop OS 160 may display the menu items associated with applications of
mobile OS 130 in a variety of ways. The menu items may be displayed in menu bar 2220,
or a drop-down menu that appears when a menu item that indicates that mobile OS
applications are available is selected. The menu items may be displayed using icons or
only application names in menu bar 2220 or the drop-down menu. In one embodiment,
desktop OS 160 displays a separate menu bar for mobile OS applications. In another
embodiment, menu items associated with mobile OS applications appear within the
desktop OS menu bar 2220 alongside or intermingled with menu items for desktop OS
applications. Optionally, the mobile OS menu items may be in an area 2230 of menu bar
2220 set off by delimiter 2240 or otherwise identifiable as including mobile OS menu
items. Menu bar 2220 may include a menu item for the active display of the mobile
device itself, i.e., a menu item that the user can select to display the user interaction space

of the mobile OS within a user environment of the desktop OS according to the methods
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of FIGS. 20 and/or 21. In one embodiment, the home screen application of the mobile OS

is returned in the list of available applications and provided an associated menu item.

[0180] When the user selects a menu item associated with a mobile OS application,
desktop OS 160 launches the console application associated with the menu item and
passes the package name of the application to the console application. The console
application displays a window within the desktop OS user interaction space 2202 (i.e., the
console application displays within the graphics system of the desktop OS). The console
application sends a request to mobile OS 130 to launch the application (i.c., requests
mobile OS 130 to launch the application package name provided to the console
application as an execution parameter) and display the graphics frame for the application
through the console application. The application may or may not be currently running on
mobile OS 130. If the application is currently running on mobile OS 130, the display of
the application may be moved from mobile OS 130 to the desktop OS user interaction
space 2202 or displayed both on a display of the mobile device and user interaction space
2202 at the same time. Display of application graphics and user interaction support may
be accomplished for the application using any of the cross-cnvironment rendering and

cross-environment user interface support techniques described above.

[0181] FIG. 24 illustrates process flow 2400 followed by mobile OS 130 to launch an
application in response to the user selecting a menu item associated with a mobile OS
application on menu bar 2220 of desktop OS GUI 880. Process flow 2400 begins at block
2402 when mobile OS 130 receives the request from desktop OS 160 to launch an
application compiled for the mobile OS and loaded within the execution environment of
the mobile OS for display on the desktop OS. At block 2404, the mobile OS allocates an
unused virtual display ID. For example, the graphics system of the mobile OS may keep a
list of virtual display ID’s and allocate an unused virtual display ID to the process of the
first application. At block 2406, the mobile OS launches the first application within the
mobile OS (i.e., running on the mobile OS). At block 2408, mobile OS 130 associates
refresh notifications for the first application with the virtual display. For example, the
graphics server of the mobile OS may keep a list of applications and their associated
virtual displays. At blocks 2410 and 2412, the mobile OS maintains graphics information
for the first application by monitoring application graphics for the first application and

notifying a console application of the desktop OS when application graphics information

52



WO 2012/044738 PCT/US2011/053835

10

15

20

25

30

Page 349 of 1192

Attorney Dkt. No.: 50224-02136

for the first application is updated. Blocks 2410 and 2412 may correspond to maintaining
application graphics for cross-environment applications according to the methods of

FIGS. 10, 12, 16 and/or 17.

[0182] The foregoing description has been presented for purposes of illustration and
description. Furthermore, the description is not intended to limit embodiments of the
invention to the form disclosed herein. While a number of exemplary aspects and
embodiments have been discussed above, those of skill in the art will recognize certain

variations, modifications, permutations, additions, and sub-combinations thercof.

[0183] The various operations of methods described above may be performed by any
suitable means capable of performing the corresponding functions. The means may
include various hardware and/or software component(s) and/or module(s), including, but

not limited to a circuit, an application spccific integrated circuit (ASTC), or processor.

[0184] The various illustrative logical blocks, modules, and circuits described may be
implemented or performed with a general purpose processor, a digital signal processor
(DSP), an ASIC, a ficld programmablc gatc array signal (FPGA), or other programmable
logic device (PLD), discrete gate, or transistor logic, discrete hardware components, or
any combination thereof designed to perform the functions described herein. A general
purpose processor may be a microprocessor, but in the alternative, the processor may be
any commercially available processor, controller, microcontroller, or state machine. A
processor may also be implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of microprocessors, one or more

microprocessors in conjunction with a DSP core, or any other such configuration.

[0185] The steps of a method or algorithm described in connection with the present
disclosure, may be embodied directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module may reside in any form of
tangible storage medium. Some examples of storage media that may be used include
random acccss memory (RAM), rcad only memory (ROM), flash memory, EPROM
memory, EEPROM memory, registers, a hard disk, a removable disk, a CD-ROM and so
forth. A storage medium may be coupled to a processor such that the processor can read
information from, and write information to, the storage medium. In the alternative, the
storage medium may be integral to the processor. A software module may be a single
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instruction, or many instructions, and may be distributed over several different code

segments, among different programs, and across multiple storage media.

[0186] The methods disclosed herein comprise one or more actions for achieving the
described method. The method and/or actions may be interchanged with one another
without departing from the scope of the claims. In other words, unless a specific order of
actions is specified, the order and/or use of specific actions may be modified without

departing from the scope of the claims.

[0187] The functions described may be implemented in hardware, software, firmware, or
any combination thereof. If implemented in software, the functions may be stored as one
or more instructions on a tangible computer-readable medium. A storage medium may be
any available tangible medium that can be accessed by a computer. By way of example,
and not limitation, such computcr-rcadablc media can comprisc RAM, ROM, EEPROM,
CD-ROM, or other optical disk storage, magnetic disk storage, or other magnetic storage
devices, or any other tangible medium that can be used to carry or store desired program
code in the form of instructions or data structures and that can be accessed by a computer.
Disk and disc, as used herein, include compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk, and Blu-ray® disc where disks usually reproduce data

magnetically, while discs reproduce data optically with lasers.

[0188] Thus, a computer program product may perform operations presented herein. For
example, such a computer program product may be a computer readable tangible medium
having instructions tangibly stored (and/or encoded) thereon, the instructions being
executable by one or more processors to perform the operations described herein. The

computer program product may include packaging matcrial.

[0189] Software or instructions may also be transmitted over a transmission medium. For
example, software may be transmitted from a website, server, or other remote source
using a transmission medium such as a coaxial cable, fiber optic cable, twisted pair,
digital subscriber linc (DSL), or wircless technology such as infrared, radio, or

microwave.

[0190] Further, modules and/or other appropriate means for performing the methods and

techniques described herein can be downloaded and/or otherwise obtained by a user
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terminal and/or base station as applicable. For example, such a device can be coupled to a
server to facilitate the transfer of means for performing the methods described herein.
Alternatively, various methods described herein can be provided via storage means (e.g.,
RAM, ROM, a physical storage medium such as a CD or floppy disk, etc.), such that a
uscr terminal and/or basc station can obtain the various mcthods upon coupling or
providing the storage means to the device. Moreover, any other suitable technique for

providing the methods and techniques described herein to a device can be utilized.

[0191] Other cxamples and implementations arc within the scopc and spirit of the
disclosure and appended claims. For example, due to the nature of software, functions
described above can be implemented using software executed by a processor, hardware,
firmware, hardwiring, or combinations of any of these. Features implementing functions
may also be physically located at various positions, including being distributed such that
portions of functions are implemented at different physical locations. Also, as used
herein, including in the claims, “or” as used in a list of items prefaced by “at least one of”
indicates a disjunctive list such that, for example, a list of “at least one of A, B, or C”
mcans A or B or C or AB or AC or BC or ABC (i.c.,, A and B and C). Further, the term
“exemplary” does not mean that the described example is preferred or better than other

examples.

[0192] Various changes, substitutions, and alterations to the techniques described herein
can be made without departing from the technology of the teachings as defined by the
appended claims. Moreover, the scope of the disclosure and claims is not limited to the
particular aspects of the process, machine, manufacture, composition of matter, means,
methods, and actions described above. Processes, machines, manufacture, compositions
of matter, means, methods, or actions, presently existing or later to be developed, that
perform substantially the same function or achieve substantially the same result as the
corresponding aspects described herein may be utilized. Accordingly, the appended
claims include within their scope such processes, machines, manufacture, compositions of

matter, means, methods, or actions.
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CLAIMS
What Is Claimed Is:

1. A method comprising:
maintaining display of application graphics for a first application and a second
application, both compiled for and in active concurrent execution within a first operating system,
by iteratively performing steps comprising:
calculating updates to surfaces of the first application using the first operating
System,
rendering the updated surfaces of the first application using the first operating
system to generate a first graphics frame in a first memory location;
calculating updates to surfaces of the second application using the first operating
System;
storing the updated surfaces of the second application in a second memory location,
the second memory location being a shared memory location accessible by both the first
operating system and a second operating system running concurrently on a shared kernel;
and
rendering the updated surfaces of the second application using a console application
of the second operating system to generate a second graphics frame in a third memory

location.

2. The method of claim 1, further comprising:

displaying the first graphics frame from the first memory location to a display of a first
computing environment associated with the first operating system; and

displaying the second graphics frame from the third memory location to a display of a

second computing environment associated with the second operating system.

3. The method of claim 2, wherein the second graphics frame is displayed from the
third memory location to a display of a sccond computing cnvironment associated with the

second operating system via the console application.

4, The method of claim 1, further comprising receiving, by the console application, a

draw notification indicating that updated surfaces are available at the second memory location.
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5. The method of claim 4, wherein the receiving of the draw notification includes

receiving a file descriptor to the second memory location.

6. The method of claim 4, wherein the draw notification is received through an inter-

process communication channel.

7. The method of claim 4, further comprising receiving a reference to the second

mcmory location by mapping the file descriptor to the process space of the console application.

8. The method of claim 7, wherein rendering the updated surfaces of the second

application includes reading the second memory location through the reference.

9. The mcthod of claim 1, further comprising:
instantiating a renderer object in the console application; and
registering, in a graphics server of the first operating system, a remotable interface of the

renderer object to receive draw notifications for the surfaces of the first application.

10.  The method of claim 1, wherein the first operating system comprises a mobile

operating system and the second operating system comprises a desktop operating system.

11.  The method of claim 1, wherein the second application is incompatible with a

graphics server of the second operating system.

12 The method of claim 1, wherein the second application comprises an Android
application and a graphics server of the second operating system comprises an X-windows

graphics server.

13.  The method of claim 1, wherein rendering the updated surfaces of the second

application includes compositing the updated surfaces by a layer order.

14. A mobile computing device comprising:
a first application and a second application in active concurrent execution within a first
operating system;

a first graphics surface associated with the first application;
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a graphics server of the first operating system operable to render the first graphics surface
to generate a first graphics frame in a first memory location;

a second graphics surface associated with the second application, the second graphics
surface stored in a second memory location, the second memory location being a shared memory
location accessible by both the first operating system and a second operating system running
concurrently on a shared kernel; and

a console application running within the second operating system, the console application
operable to render the second graphics surface to generate a second graphics frame in a third

memory location.

15. The mobile computing device of claim 14, further comprising a renderer object
instantiated by the console application that includes a remotable method for rendering the second

graphics surface to generate the second graphics frame.

16.  The mobile computing device of claim 14, wherein the console application
receives a draw notification from the graphics server of the first operating system indicating that

the second graphics surface has been updated.

17.  The mobile computing device of claim 14, wherein a graphics server of the
second operating system is an X-windows type graphics server and wherein the second
application uses a graphics library of the first operating system that is incompatible with the X-

windows type graphics server of the second operating system.

18. A computing device including a computer-readable medium storing instructions
for a physical processor, the instructions, when executed, causing the processor to perform steps
comprising:

maintaining display of application graphics for a first application and a second
application, both compiled for and in active concurrent execution within a first operating system,
by iteratively performing steps comprising:

calculating updates to surfaces of the first application using the first operating
System,;
rendering the updated surfaces of the first application using the first operating

system to generate a first graphics frame in a first memory location;
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calculating updates to surfaces of the second application using the first operating
System,

storing the updated surfaces of the second application in a second memory
location, the second memory location being a shared memory location accessible by both
the first operating system and a second operating system running concurrently on a
shared kernel; and

rendering the updated surfaces of the second application using a console
application of the second operating system to generate a second graphics frame in a third

memory location.
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(54) Title: EXTENDED GRAPHICS CONTEXT WITH DIVIDED COMPOSITING

(57) Abstract: A mobile computing device with a mobile operating sys-
tem and desktop operating system running concurrently and independent-
ly on a shared kernel without virtualization. The mobile operating system
provides a user experience for the mobile computing device that suits the
mobile environment. The desktop operating system provides a full desk-
top user experience when the mobile computing device is docked to a
second user environment. Cross-environment rendering and user interac-
tion support provide a seamless computing experience in a multi-operat-
ing system computing environment. Real-time display of applications
running in the mobile operating system within an environment of the
desktop operating system is provided by rendering the application
through an extended graphics context of the mobile operating system.
Application graphics for multiple applications are rendered into separate
graphics frames. The mobile computing deviee may be a smartphone run-
ning the Android mobile operating system and a full desktop Linux dis-
tribution on a modilied Android kernel.
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EXTENDED GRAPHICS CONTEXT WITH DIVIDED COMPOSITING

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This Application is a non-provisional of and claims the benefit of the filing date of
U.S. Provisional Application Nos. 61/389,117, filed Oct. 1, 2010, entitled “Multi-
Operating System Portable Docking Device™; 61/507,199, filed July 13, 2011, entitled
“Dockable Mobile Software Architecture”; 61/507,201, filed July 13, 2011, entitled
“Cross-Environment Communication Framework™; 61/507,203, filed July 13, 2011,
entitled “Multi-Operating System”; 61/507,206, filed July 13, 2011, entitled “Auto-
Configuration of a Docked System in a Multi-OS Environment”; and 61/507,209, filed
July 13, 2011, entitled “Auto-Waking of a Suspended Secondary OS in a Dockable
System,” wherein the entire contents of the foregoing priority applications are

incorporated herein by reference for all purposes.

BACKGROUND
[0002] 1. Field

[0003] This Application relates generally to the field of mobile computing environments,
and more particularly to supporting multiple user environments through the use of

multiple operating systems in a single mobile computing device.
[0004] 2. Relevant Background

[0005] Mobile computing devices are becoming ubiquitous in today’s society. For
cxample, as of the end of 2008, 90 percent of Americans had a mobile wircless device. At
the samce time, the capabilitics of mobilc devices arc advancing rapidly, including
smartphones that integrate advanced computing capabilities with mobile telephony
capabilities. Mobile providers have launched hundreds of new smartphones in the last
three years based upon several different platforms (e.g., Apple iPhone, Android,
BlackBerry, Palm, and Windows Mobile). In the U.S., smartphone penetration reached
almost 23% by the middle of 2010, and over 35% in some age-groups. In Europe, the
smartphone market grew by 41% from 2009 to 2010, with over 60 million smartphone

subscribers as of July 2010 in the five largest European countries alone.

[0006] While smartphones are gaining in popularity and computing capability, they

provide a limited user experience. Specifically, they typically have an operating system
1
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that is modified for mobile device hardware and a restricted set of applications that are
available for the modified operating system. For example, many smartphones run
Google’s Android operating system. Android runs only applications that are specifically
developed to run within a Java-based virtual machine runtime environment. In addition,
while Android is based on a modified Linux kernel, it uses different standard C libraries,
system managers, and services than Linux. Accordingly, applications written for Linux do
not run on Android without modification or porting. Similarly, Apple’s iPhone uses the
10S mobile operating system. Again, while 10S is derived from Mac OS X, applications
developed for OS X do not run on i0S. Therefore, while many applications are available
for mobile operating systems such as Android and iOS, many other common applications
for desktop operating systems such as Linux and Mac OS X are not available on the

mobile platforms.

[0007] Accordingly, smartphones are typically suited for a limited set of user experiences
and provide applications designed primarily for the mobile environment. In particular,
smartphones do not provide a suitable desktop user experience, nor do they run most
common desktop applications. As a result, many users carry and use multiple computing
devices including a smartphone, laptop, and/or tablet computer. In this instance, each

device has its own CPU, memory, file storage, and operating system.

[0008] Connectivity and file sharing between smartphones and other computing devices
involves linking one device (e.g., smartphone, running a mobile OS) to a second, wholly
disparate device (e.g., notebook, desktop, or tablet running a desktop OS), through a
wireless or wired connection. Information is shared across devices by synchronizing data
between applications running separately on each device. This process, typically called

“synching,” is cumbersome and generally requires active management by the user.

SUMMARY
[0009] Embodiments of the present invention are directed to providing the mobile
computing experience of a smartphone and the appropriate user experience of a secondary
terminal environment in a single mobile computing device. A secondary terminal
cnvironment may be some combination of visual rendering devices (c.g., monitor or
display), input devices (e.g., mouse, touch pad, touch-screen, keyboard, etc.), and other

computing peripherals (e.g., HDD, optical disc drive, memory stick, camera, printer, etc.)



WO 2012/044872 PCT/US2011/054105

10

15

20

30

Page 384 of 1192

connected to the computing device by a wired (e.g., USB, Firewire, Thunderbolt, etc.) or
wireless (e.g., Bluetooth, WiF1i, etc.) connection. In embodiments, a mobile operating
system associated with the user experience of the mobile environment and a desktop
operating system associated with the user experience of the secondary terminal

environment are run concurrently and independently on a shared kernel.

[0010] According to one aspect consistent with various embodiments, application
graphics for a first and second application, both compiled for and in active concurrent
execution within a first operating system, are maintained by iteratively performing steps
including establishing an extended rendering context of the first operating system having
a first context space of the extended rendering context associated with the first application
and a sccond context space of the extended rendering context associated with the sccond
application, the first and second context spaces being non-overlapping, calculating
updates to surfaces of the first application and the second application using the first
operating system, rendering the updated surfaces of the first application according to the
first context space using the first operating system to generate a first graphics frame in a
frame buffer of the first operating system, and rendering the updated surfaces of the
second application according to the second context space using the first operating system
to generate a second graphics frame in a shared memory location accessible by both the
first operating system and a second operating system running concurrently on a shared

kernel.

[0011] According to other aspects consistent with various embodiments, the first graphics
frame associated with the first context space is displayed from the frame buffer to a
display of a first computing environment associated with the first operating system, and
the second graphics frame associated with the second context space is displayed from the
sharcd memory location to a display of a sccond computing cnvironment associated with
the second operating system. Displaying the second graphics frame from the shared
memory location to the display of the second computing environment associated with the
second operating system may include passing a file descriptor from the first operating
system to the second operating system indicating that the second graphics frame is
available at the shared memory location. The first operating system may be a mobile
operating system and the second operating system may be a desktop operating system.

The second application may be incompatible with a graphics server of the second

3
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operating system. The second application may be an Android application and a graphics

server of the second operating system may be an X-windows graphics server.

[0012] According to other aspects consistent with various embodiments, the method may
include receiving, by a console application of the second operating system, a draw
notification indicating that the second graphics frame is available at the shared memory
location. Receiving the draw notification may include receiving a file descriptor to the
shared memory location. The draw notification may be received through an inter-process
communication channel. The method may include receiving, by the console application, a
reference to the shared memory location by mapping the file descriptor to the process
space of the console application. The method may further include accessing, by the

console application, the sharcd memory location through the reference.

[0013] According to other aspects consistent with various embodiments, the method may
include registering, in a graphics server of the first operating system, a console
application of the second operating system to receive draw notifications for the second
application. The rendcering of the updated surfaces of the first and sccond applications by
the first operating system may use hardware assisted rendering of the first operating

system.

[0014] According to other aspects consistent with various embodiments, a mobile
computing device includes a first application and a second application in active
concurrent execution within a first operating system. A first graphics surface of the first
operating system is updated by the first application, and a second graphics surface of the
first operating system updated by the second application. The mobile computing device
further includes an extended rendering context of the first operating system, the extended
rendering context including a first context space associated with the first application and a
second context space of the extended rendering context associated with the second
application, the first and second context spaces being non-overlapping, and a graphics
server of the first operating system that renders updated surface information of the first
surface to generate a first graphics frame in a frame buffer of the first operating system,
first, the graphics server rendering updated surface information of the sccond surface to
generate a second graphics frame in a shared memory location accessible by both the first

operating system and a second operating system running concurrently on a shared kernel.
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[0015] According to other aspects consistent with various embodiments, the mobile
computing device includes a console application running in the second operating system
that accesses the shared memory location to display the second graphics frame on a
display of a user environment associated with the second operating system. A graphics
server of the second operating system may be an X-windows type graphics server and the
second application may use a graphics library of the first operating system that is

incompatible with the X-windows type graphics server of the second operating system.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] Embodiments of the present invention are illustrated in referenced figures of the
drawings, in which like numbers refer to like elements throughout the description of the

figures.

[0017] FIG. 1 illustrates a computing environment that provides multiple user computing

experiences, according to various embodiments.

[0018] FIG. 2 illustrates an exemplary system architecture for a mobile computing

device, according to various embodiments.

[0019] FIG. 3 illustrates an operating system architecture for a computing environment,

according to various embodiments.

[0020] FIG. 4 illustrates an exemplary computing environment employing various aspects

of embodiments.

[0021] FIG. 5 illustrates aspects of an operating system architecture for a computing

environment, according to various embodiments.

[0022] FIG. 6 illustrates an exemplary boot procedure that may be used to configure an
operating system architecture of a mobile computing device in more detail, according to

various embodiments.

[0023] FIG. 7 illustrates an operating system architecture configuration for providing
cross-environment rendering of applications and/or user interaction spaces, according to

various embodiments.
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[0024] FIG. 8 illustrates a computing environment with multiple user environments,

according to various embodiments.

[0025] FIG. 9 illustrates aspects of cross-environment remote rendering, according to

various embodiments.

[0026] FIG. 10 shows a flow diagram of an illustrative method for cross-environment

remote rendering in a non-cxtended rendering context, according to various cmbodiments.

[0027] FIG. 11 illustrates a registration and drawing process flow for cross-environment

remote rendering, according to various embodiments.

[0028] FIG. 12 shows a flow diagram of another illustrative method for cross-
environment rendering in a non-extended rendering context, according to various

embodiments.

[0029] FIG. 13 illustrates operating system architecture configuration 300b for providing
user interaction support to cross-environment applications, according to various

embodiments.

[0030] FIG. 14 illustrates aspects of user interaction support for cross-environment
applications rendered using a non-extended graphics context, according to various

embodiments.

[0031] FIG. 15 illustrates aspects of concurrent user interface support across multiple

OSs using extended rendering contexts, according to various embodiments.

[0032] FIG. 16 shows a flow diagram of an illustrative method for cross-environment

remote rendering in an extended rendering context, according to various embodiments.

[0033] FIG. 17 shows a flow diagram of another illustrative method for cross-
environment rendering in an extended rendering context, according to various

embodiments.

[0034] F1G. 18a illustrates a user environment that may be employed in cross-
environment rendering, in an extended rendering context, according to various

embodiments.
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[0035] FIG. 18D illustrates an extended input queue that may be employed in cross-
environment rendering, in an extended rendering context, according to various

embodiments.

[0036] FIG. 19 illustrates a method for receiving input events that may be employed in
cross-environment rendering, in an extended rendering context, according to various

embodiments.

[0037] FIG. 20 shows a flow diagram of an illustrative method for cross-environment

rendering to provide a mirrored context, according to various embodiments.

[0038] FIG. 21 shows a flow diagram 2100 of another illustrative method for cross-

environment rendering to provide a mirrored context, according to various embodiments.

[0039] FIG. 22 illustrates aspects of cross-environment redirection, according to various

embodiments.

[0040] FIG. 23 illustrates a flow diagram of an illustrative method that may be employed

to perform aspects of cross-environment redirection, according to various embodiments.

[0041] FIG. 24 illustrates a flow diagram of another illustrative method that may be
employed to perform aspects of cross-environment redirection, according to various

embodiments.

DETAILED DESCRIPTION
[0042] Mobile telephony devices, (i.e., smartphones, handsets, mobile stations, portable
communication devices, etc.) that include computing capabilities are increasing in
popularity. Many of these smartphones include a mobile operating system (“OS”) running
on a mobile processor. While mobile processors and mobile OSs have increased the
capabilities of these devices, smartphones have not tended to replace personal computer
(“PC”) environments (i.e., Windows, Mac OS X, Linux) such as desktop or notebook
computers at least because of the limited user experience provided. In particular, the user
interface device(s) found on smartphones are typically tailored to the mobile
cnvironment. For cxample, smartphones typically usc a small thumb-stylce QWERTY
keyboard, touch-screen display, click-wheel, and/or scroll-wheel as user interface

devices. Mobile OSs, as well as applications (i.e., “Apps”) developed for mobile OSs, are

7
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typically designed for the constraints of the mobile environment including a mobile
processor and the user interface device(s) present on mobile devices. Therefore, many
applications that have been developed for PC operating systems are not available for
mobile OSs (i.e., are not compiled for and do not run on mobile OSs). In addition, for
some tasks such as typing or editing documents, a full-size keyboard and large display are

casier to use than the user interface components typically found on a smartphone.

[0043] Accordingly, users typically use separate computing devices for each computing
experience, including a smartphone, tablet computer, laptop computer, and/or desktop
computer. In this instance, each device has its own CPU, memory, file storage, and OS.
Connectivity and file sharing between smartphones and other devices involves linking
onc device (c.g., smartphone, running a mobilc OS) to a sccond, wholly disparate device
(e.g., notebook, desktop, or tablet running a desktop OS), through a wireless or wired
connection. Information is shared across devices by synchronizing data between
applications running separately on each device. This process, typically called “synching,”

is cumbersome and generally requires active management by the user.

[0044] FIG. 1 illustrates a computing environment 100 that provides multiple user
computing experiences with a mobile device that includes multiple operating systems
associated with separate user interaction spaces (i.e., user environments), according to
various embodiments. A first user interaction space 115 of computing environment 100
includes display(s) 116 and /O devices 118 of mobile computing device 110. When
mobile computing device 110 is operated as a stand-alone mobile device, mobile OS 130
presents a typical mobile computing user experience through user interaction space 1135.
The mobile computing experience provided by mobile OS 130 typically includes mobile
telephony capabilities and a graphical user interface (“GUI”) suited to user interaction
spacc 115 including display(s) 116 and /O device(s) 118. For cxample, display(s) 116
may be a touch-screen display(s) and application programs (i.e., “Apps”) running on
mobile OS 130 may be controlled primarily through a gesture-based GUI of mobile OS
130 using touch-screen display(s) 116.

[0045] Tn computing cnvironment 100, mobile computing device 110 may be docked
with secondary terminal environment 140 that includes I/0 devices 144, 146, and/or 148.

In embodiments, mobile computing device 110 is docked with secondary terminal
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environment 140 by connecting port 120 of mobile computing device 110 to port 142 of
secondary terminal environment 140. In this instance, secondary terminal environment
140 presents a second user interaction space of computing environment 100. In some
instances, the second user interaction space may be more suited to a desktop computing
experience. In these instances, desktop OS 160 can be associated with secondary terminal
environment 140 to provide the full capabilities of a notebook, tablet, or desktop

computer environment through the second user interaction space.

[0046] In embodiments, mobile OS 130 and desktop OS 160 run concurrently on a shared
kernel on a processor of mobile computing device 110. Concurrent execution of a mobile
OS and a desktop OS on a shared kernel is described in more detail in U.S. Patent
Application No.13/217,108, filed August 24, 2011, entitled “MULTI-OPERATING
SYSTEM,” herein incorporated by reference. In this way, a single mobile computing
device can provide a mobile computing experience through a first user interaction space
and a desktop computing experience through a second user interaction space. While the
ability to carry one mobile device that can execute multiple operating systems
concurrently through separate user interaction spaces solves a number of problems for a
user, each user interaction space (through the concurrently running mobile OS and
desktop OS) generally provides a separate set of available applications and user

functionality.

[0047] Embodiments of the invention are directed to facilitating apparent execution of an
application running in a first OS (e.g., mobile OS 130) within a second OS (e.g., desktop
OS 160), where the first and second OS are running concurrently on a shared kernel.
Notably, providing a user with input (e.g., input device) and output (e.g., display, audio,
etc.) support in a second OS for applications compiled for and running in a first (e.g.,
incompatiblc) OS involves addressing a number of issucs. Additional issucs can arisc

when handling display and interactivity of multiple applications running concurrently.

[0048] Consider, for example, that a first and second application are both compiled for
the first OS and are running concurrently on the first OS. However, a user desires to view
graphical output of the first application and to intcract with that first application through
input/output devices associated with the first OS (e.g., using a touchscreen display of a

mobile computing environment), and to view graphical output of the second application
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and to interact with that second application through input/output devices associated with
the second OS (e.g., using a display, keyboard, and mouse of a desktop computing
environment). Handling this scenario involves concurrent handling of graphics in
multiple display environments and concurrent processing of multiple input/output streams

for separate applications all on separate (e.g., incompatible) operating systems.

[0049] Accordingly, embodiments provide various novel techniques for accessing
applications of a first OS within a user interaction space of a second OS, displaying
applications running in the first OS within the user interaction space of the second OS,
and handling user interaction with those applications through the user interaction space of
the second OS. Embodiments include a console application of the second OS that

supports various display and uscr intcraction features of cross-cnvironment applications.

[0050] One set of embodiments provides techniques for concurrent user interface support
across multiple-OS computing environments using a so-called “non-extended” rendering
context. Another set of embodiments provides techniques for concurrent user interface
support across multiple-OS computing cnvironments using a so-called “cxtended”
rendering context. Yet another set of embodiments provides techniques for concurrent
user interface support across multiple OSs using a so-called “mirrored” context. Yet
another set of embodiments provides access from the user interaction space of the second
OS to applications available on the first OS. Each of these sets of embodiments will be

described more fully below.

[0051] As described above, computing environment 100 provides multiple user
computing experiences through multiple user interaction spaces associated with a mobile
device running multiple operating systems concurrently. Specifically, because mobile
computing device 110 includes multiple OSs, where each OS is suited to a particular
computing environment, mobile computing device 110 may be adapted with external I/O
devices to provide a broad range of user experiences with a single mobile computing
device. For example, a user may have a mobile computing device 110 and a secondary
terminal environment 140 that includes a keyboard, display, and/or pointing device(s) in a
laptop-typc enclosurc. When mobile computing device 110 is docked with this laptop-like
secondary terminal environment, the full capabilities of desktop OS 160 are available

through the secondary terminal environment 140.

10
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[0052] FIG. 2 illustrates an exemplary hardware system architecture for mobile
computing device 110, according to various embodiments. Mobile computing device
hardware 112 includes mobile processor 114 that includes one or more CPU cores 204
and external display interface 220. Generally, mobile computing device hardware 112
also includes I/O devices 118, memory 206, storage devices 208, touch-screen display
controller 210 connected to touch-screen display 116, power management IC 214
connected to battery 216, cellular modem 218, communication devices 222, and/or other
devices 224 that are connected to processor 114 through various communication signals
and interfaces. /O devices 118 generally includes buttons and other user interface
components that may be employed in mobile computing device 110. For example, I/O
devices 118 may include a set of buttons, (e.g., back, menu, home, search, etc.), off-
screen gesture area, click-wheel, scroll-wheel, QWERTY keyboard, etc. Other devices
224 may include, for example, GPS devices, LAN connectivity, microphones, speakers,
cameras, accelerometers, and/or MS/MMC/SD/SDIO card interfaces. External display
interface 220 may be any suitable display interface (e.g., VGA, DVI, HDMI, etc.).

[00533] Processor 114 may be an ARM-based mobile processor. In embodiments, mobile
processor 114 is a mobile ARM-based processor such as Texas Instruments OMAP3430,
Marvell PXA320, Freescale iMX51, or Qualcomm QSD8650/8250. However, mobile
processor 114 may be another suitable ARM-based mobile processor or processor based
on other processor architccturcs such as, for cxample, x86-based processor architecturcs

or other RISC-based processor architectures.

[0054] While FIG. 2 illustrates one exemplary hardware implementation 112 for mobile
computing device 110, other architectures are contemplated as within the scope of the
invention. For example, various components illustrated in FIG. 2 as external to mobile
processor 114 may be intcgrated into mobilc processor 114. Optionally, cxternal display
interface 220, shown in FIG. 2 as integrated into mobile processor 114, may be external
to mobile processor 114. Additionally, other computer architectures employing a system
bus, discrete graphics processor, and/or other architectural variations are suitable for

employing aspects of the present invention.

[0055] FIG. 3 illustrates OS architecture 300 that may be employed to run mobile OS 130

and desktop OS 160 concurrently on mobile computing device 110, according to various

11
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embodiments. As illustrated in FIG. 3, mobile OS 130 and desktop OS 160 are
independent operating systems. Specifically, mobile OS 130 and desktop OS 160 may
have independent and incompatible user libraries, graphics systems, and/or framework
layers. Functions and instructions for OS architecture 300 may be stored as computer
program code on a tangible computer readable medium of mobile computing device 110.
For example, instructions for OS architecture 300 may be stored in storage device(s) 208

of mobile computing device hardware 112.

[0056] In OS architecture 300, mobile OS 130 and desktop OS 160 run concurrently on
shared kernel 320. This means that mobile OS 130 and desktop OS 160 are running on
shared kernel 320 at the same time. Specifically, mobile OS 130 and desktop OS 160 both
interface to shared kernel 320 through the same kernel interface 322, for cxample, by
making system calls to shared kernel 320. Shared kernel 320 manages task scheduling for
processes of both mobile OS 130 and desktop OS 160. In this regard, mobile OS 130 and
desktop OS 160 are running independently and concurrently on shared kernel 320. In
addition, shared kernel 320 runs directly on mobile processor 114 of mobile computing
device hardware 112, ag illustrated by hardware interface 312. Specifically, shared kernel
320 directly manages the computing resources of mobile computing device hardware 112
such as CPU scheduling, memory access, and I/O. In this regard, hardware resources are
not virtualized, meaning that mobile OS 130 and desktop OS 160 make system calls

through kernel interface 322 without virtualized memory or /0 acccss.

[0057] As illustrated in FIG. 3, mobile OS 130 has libraries layer 330, application
framework layer 340, and application layer 350. In mobile OS 130, applications 352 and
354 run in application layer 350 supported by application framework layer 340 of mobile
OS 130. Application framework layer 340 includes manager(s) 342 and service(s) 344
that arc uscd by applications running on mobile OS 130. For cxample, application
framework layer 340 may include a window manager, activity manager, package
manager, resource manager, telephony manager, gesture controller, and/or other
managers and services for the mobile environment. Application framework layer 340 may
include a mobile application runtime environment that executes applications developed
for mobile OS 130. The mobile application runtime environment may be optimized for
mobile computing resources such as lower processing power and/or limited memory

space. The mobile application runtime environment may rely on the kernel for process

12
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isolation, memory management, and threading support. Libraries layer 330 includes user
libraries 332 that implement common functions such as I/O and string manipulation,
graphics functions, database capabilities, communication capabilities, and/or other

functions and capabilities.

[0058] As illustrated in FIG. 3, desktop OS 160 has libraries layer 360, framework layer
370, and application layer 380. In desktop OS 160, applications 382 and 384 run in
application layer 380 supported by application framework layer 370 of desktop OS 160.
Application framework layer 370 includes manager(s) 372 and service(s) 374 that are
used by applications running on desktop OS 160. For example, application framework
layer 370 may include a window manager, activity manager, package manager, resource
managcr, and/or other managers and scrvices common to a desktop environment.
Libraries layer 360 may include user libraries 362 that implement common functions such
as 1/O and string manipulation, graphics functions, database capabilities, communication

capabilities, and/or other functions and capabilities.

[0059] In various cmbodiments of the present disclosure, desktop OS 160 runs in a
separate execution environment from mobile OS 130. For example, mobile OS 130 may
run in a root execution environment and desktop OS 160 may run in a secondary
execution environment established under the root execution environment. Processes and
applications running on mobile OS 130 access user libraries 332, manager(s) 342 and
service(s) 344 in the root execution environment. Processes and applications running on
desktop OS 160 access user libraries 362, manager(s) 372 and service(s) 374 in the

secondary execution environment.

[0060] In embodiments, mobile OS 130 and desktop 160 are independent operating
systems with incompatible user libraries, graphics systems, and/or application
frameworks. Therefore, applications developed for mobile OS 130 may not run directly
on desktop OS 160, and applications developed for desktop OS 160 may not run directly
on mobile OS 130. For example, application 352, running in application layer 350 of
mobile OS 130, may be incompatible with desktop OS 160, meaning that application 352
could not run on desktop OS 160. Specifically, application 352 may depend on
manager(s) 342, service(s) 344, and/or libraries 332 of mobile OS 130 that are either not

13
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available or not compatible with manager(s) 372, service(s) 374, and/or libraries 362 of
desktop OS 160.

[0061] As a result, mobile OS 130 and desktop OS 160 may have different sets of
available applications. In this regard, mobile OS 130 and desktop OS 160 of OS
architecture 300 provide separate user experiences through separate sets of applications
accessible through separate user interaction spaces. The user may access the applications
available on (i.e., compiled for and loaded within the execution environment of) mobile
OS 130 through a first user interaction space associated with mobile OS 130, and the
applications available on desktop OS 160 through a second user interaction space
associated with desktop OS 160.

[0062] As described above, mobile operating systems typically do not use the same
graphics environment as desktop operating systems. Graphics environments for desktop
OSs were designed for flexibility and high performance. For example, the X-window
system, used by some desktop OSs, provides platform and network independence at the
cxpensc of greater processing and system resources. In contrast, graphics cnvironments
for mobile OSs are designed more for efficiency and the specific user input devices of a
mobile computing environment and less for flexibility. Because the graphics
environments of mobile and desktop OSs are often different, an application running on a
mobile OS may not be re-directed to display within a user space of a desktop OS by re-
directing the graphics information from the graphics server of the mobile OS to the

graphics server of the desktop OS.

[0063] The most widely adopted mobile OS is Google’s Android. While Android is based
on Linux, it includes modifications to the kernel and other OS layers for the mobile
environment and mobile processors. In particular, while the Linux kernel is designed for a
PC (i.e., x86) CPU architecture, the Android kernel is modified for ARM-based mobile
processors. Android device drivers are also particularly tailored for devices typically
present in a mobile hardware architecture including touch-screens, mobile connectivity
(GSM/EDGE, CDMA, Wi-Fi, etc.), battery management, GPS, accelerometers, and
camcra modulcs, among other devices. Tn addition, Android docs not have a native X
Window System nor does it support the full set of standard GNU libraries, and this makes
it difficult to port existing GNU/Linux applications or libraries to Android.
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[0064] Apple’s iOS operating system (run on the iPhone) and Microsoft’s Windows
Phone 7 are similarly modified for the mobile environment and mobile hardware
architecture. For example, while iOS is derived from the Mac OS X desktop OS, common
Mac OS X applications do not run natively on iOS. Specifically, iOS applications are
developed through a standard developer’s kit (“SDK™) to run within the “Cocoa Touch”
runtime environment of i0S, which provides basic application infrastructure and support
for key i0S features such as touch-based input, push notifications, and system services.
Therefore, applications written for Mac OS X do not run on iOS without porting. In
addition, it may be difficult to port Mac OS X applications to 10S because of differences
between user libraries and/or application framework layers of the two OSs, and/or

differences in system resources of the mobile and desktop hardware.

[0065] In one embodiment consistent with OS architecture 300, an Android mobile OS
and a full Linux OS run independently and concurrently on a modified Android kernel. In
this embodiment, the Android OS may be a modified Android distribution while the
Linux OS (“Hydroid™) may be a modified Debian Linux desktop OS. FIGS. 4-6 illustrate
Android mobile OS 430, Android kernel 520, and Hydroid OS 660 that may be employed

in OS architecture 300 in more detail, according to various embodiments.

[0066] As illustrated in FIG. 4, Android OS 430 includes a set of C/C++ libraries in
libraries layer 432 that are accessed through application framework layer 440. Libraries
layer 432 includes the “bionic” system C library 439 that was developed specifically for
Android to be smaller and faster than the “glibc” Linux C-library. Libraries layer 432 also
includes inter-process communication (“IPC”) library 436, which includes the base
classes for the “Binder” IPC mechanism of the Android OS. Binder was developed
specifically for Android to allow communication between processes and services. Other
librarics shown in librarics laycr 432 in FIG. 4 include mcdia librarics 435 that support
recording and playback of media formats, surface manager 434 that managers access to
the display subsystem and composites graphic layers from multiple applications, 2D and
3D graphics engines 438, and lightweight relational database engine 437. Other libraries
that may be included in libraries layer 432 but are not pictured in FIG. 4 include bitmap
and vector font rendering libraries, utilities libraries, browser tools (i.e., WebKit, etc.),

and/or secure communication libraries (i.e., SSL, etc.).
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[0067] Application framework layer 440 of Android OS 430 provides a development
platform that allows developers to use components of the device hardware, access
location information, run background services, set alarms, add notifications to the status
bar, etc. Framework layer 440 also allows applications to publish their capabilities and
make use of the published capabilities of other applications. Components of application
framework layer 440 of Android mobile OS 430 include activity manager 441, resource
manager 442, window manager 443, dock manager 444, hardware and system services
445, desktop monitor service 446, multi-display manager 447, and remote communication
service 448. Other components that may be included in framework layer 440 of Android
mobile OS 430 include a view system, telephony manager, package manager, location

manager, and/or notification manager, among other managers and services.

[0068] Applications running on Android OS 430 run within the Dalvik virtual machine
431 in the Android runtime environment 433 on top of the Android object-oriented
application framework. Dalvik virtual machine 431 is a register-based virtual machine,
and runs a compact executable format that is designed to reduce memory usage and
processing requirements. Applications running on Android OS 430 include home screen
451, email application 452, phone application 453, browser application 454, and/or other
application(s) (“App(s)”) 455.

[0069] The Android OS graphics system uses a client/server model. A surface manager
(“SurfaceFlinger”™) is the graphics server and applications are the clients. SurfaceFlinger
maintains a list of display ID’s and keeps track of assigning applications to display ID’s.
In one embodiment, mobile computing device 110 has multiple touch screen displays
116. In this embodiment, display ID 0 is associated with one of the touch screen displays
116 and display ID 1 is associated with the other touch screen display 116. Display ID 2
is associated with both touch screen displays 116 (i.c., the application is displaycd on
both displays at the same time). Display ID’s greater than 2 are virtual displays, meaning
that they are not associated with a display physically present on mobile computing device

hardware 112.

[0070] Graphics information for Android applications includes windows, vicws, and
canvasses. Each window, view, and/or canvas is implemented with an underlying surface

object. Surface objects are double-buffered (front and back buffers) and synchronized
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across processes for drawing. SurfaceFlinger maintains all surfaces in a shared memory
pool which allows all processes within Android to access and draw into them without
expensive copy operations and without using a server-side drawing protocol such as X-
Windows. Applications always draw into the back buffer while SurfaceFlinger reads from
the front buffer. SurfaceFlinger creates each surface object, maintains all surface objects,
and also maintains a list of surface objects for each application. When the application
finishes drawing in the back buffer, it posts an event to SurfaceFlinger, which swaps the
back buffer to the front and queues the task of rendering the surface information to the

frame buffer.

[0071] SurfaceFlinger monitors all window change events. When one or more window
changc cvents occur, SurfaccFlinger renders the surface information to the frame buffer
for one or more displays. Rendering includes compositing the surfaces, i.e., composing
the final image frame based on dimensions, transparency, z-order, and visibility of the
surfaces. Rendering may also include hardware acceleration (e.g., OpenGL 2D and/or 3D
interface for graphics processing hardware). SurfaceFlinger loops over all surface objects

and renders their front buffers to the frame buffer in their Z order.

[0072] FIG. 5 illustrates modified Android kernel 520 in more detail, according to
various embodiments. Modified Android kernel 520 includes touch-screen display driver
521, camera driver(s) 522, Bluetooth driver(s) 523, shared memory allocator 524, IPC
driver(s) 525, USB driver(s) 526, WiFi driver(s) 527, I/O device driver(s) 528, and/or
power management module 530. I/O device driver(s) 528 includes device drivers for
external I/O devices, including devices that may be connected to mobile computing
device 110 through port 120. Modified Android kernel 520 may include other drivers and
functional blocks including a low memory killer, kernel debugger, logging capability,

and/or other hardware device drivers.

[0073] FIG. 6 illustrates Hydroid OS 660 in more detail, according to various
embodiments. Hydroid is a full Linux OS that is capable of running almost any
application developed for standard Linux distributions. In particular, libraries layer 662 of
Hydroid OS 660 includes Linux librarics that support networking, graphics processing,
database management, and other common program functions. For example, user libraries

662 may include the “glibc” Linux C library 664, Linux graphics libraries 662 (e.g.,
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GTK, OpenGL, etc.), Linux utilities libraries 661, Linux database libraries, and/or other
Linux user libraries. Applications run on Hydroid within an X-Windows Linux graphical
environment using X-Server 674, window manager 673, and/or desktop environment 672.
Illustrated applications include word processor 681, email application 682, spreadsheet

application 683, browser 684, and other application(s) 685.

[0074] The Linux OS graphics system is based on the X-windows (or “X11”) graphics
system. X-windows is a platform-independent, networked graphics framework. X-
windows uses a client/server model where the X-server is the graphics server and
applications are the clients. The X-server controls input/output hardware associated with
the Linux OS such as displays, touch-screen displays, keyboards, pointing device(s), etc.
In this regard, X-windows provides a server-side drawing graphics architecture, i.c., the
X-server maintains the content for drawables including windows and pixmaps. X-clients
communicate with the X-server by exchanging data packets that describe drawing
operations over a communication channel. X-clients access the X communication
protocol through a library of standard routines (the “Xlib”). For example, an X-client may
send a request to the X-server to draw a rectangle in the client window. The X-server
sends input events to the X-clients, for example, keyboard or pointing device input,
and/or window movement or resizing. Input events are relative to client windows. For
example, if the user clicks when the pointer is within a window, the X-server sends a
packet that includes the input cvent to the X-clicnt associated with the window that

includes the action and positioning of the event relative to the window.

[0075] Because of the differences in operating system frameworks, graphics systems,
and/or libraries, applications written for Android do not generally run on Hydroid OS 660
and applications written for standard Linux distributions do not generally run on Android
OS 430. Tn this rcgard, applications for Android OS 430 and Hydroid OS 660 arc not
bytecode compatible, meaning compiled and executable programs for one do not run on

the other.

[0076] In one embodiment, Hydroid OS 660 includes components of a cross-environment
communication framcwork that facilitatcs communication with Android OS 430 through

shared kernel 520. These components include IPC library 663 that includes the base
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classes for the Binder IPC mechanism of the Android OS and remote communications

service 671.

[0077] In one embodiment, Hydroid OS 660 is run within a chrooted (created with the
‘chroot’ command) secondary execution environment created within the Android root
environment. Processes and applications within Hydroid OS 660 are run within the
secondary execution environment such that the apparent root directory seen by these
processes and applications is the root directory of the secondary execution environment.
In this way, Hydroid OS 660 can run programs written for standard Linux distributions
without modification because Linux user libraries 662 are available to processes running

on Hydroid OS 660 in the chrooted secondary execution environment.

[0078] Referring back to FIG. 3, mobile OS 130 and desktop 160 are in active concurrent
execution on shared kernel 320 on a mobile device. Mobile OS 130 and desktop OS 160
may be incompatible with regard to user libraries, graphics systems, and/or application
frameworks. Therefore, mobile OS 130 and desktop OS 160 have different sets of
availablc applications, mcaning that at Icast some applications available on mobile OS
130 are not available on desktop OS 160 and vice-versa. Accordingly, mobile OS 130 and
desktop OS 160 of OS architecture 300 provide separate user experiences through
different sets of applications accessible through separate user interaction spaces. The user
may access the applications available on (i.e., compiled for and loaded within the
execution environment of) mobile OS 130 through the user interaction space associated
with mobile OS 130, and the applications available on desktop OS 160 through the user

interaction space associated with desktop OS 160.

[0079] Embodiments of the present invention extend the functionality of OS architecture
300 to provide a more seamless computing experience in a multi-OS computing
environment. Embodiments include cross-environment rendering of applications and/or
the user interaction space of a first operating system within a user interaction space of a
second operating system, even where the graphics environments of the first and second
operating systems are not compatible. Embodiments further include user-interaction
support of cross-cnvironment applications, and accessing applications of thc first
operating system from the user interaction space of the second operating system. This

functionality enables, for example, mobile OS applications, running on mobile OS 130, to
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be displayed and interacted with through a user interaction space associated with desktop
OS 160. For example, while a user is interacting with desktop OS 160 through a user
interaction space associated with desktop OS 160, the user may wish to have access to a
particular application of mobile OS 130 that is not available for (i.e., is not compiled for
and does not run on) desktop OS 160. Using various embodiments disclosed below, the
user may access, display, and interact with an application compiled for and running on
mobile OS 130 through the user interaction space associated with desktop OS 160.
Notably, the embodiments provide cross-environment interaction support with any
application of the mobile OS, meaning that mobile OS applications do not need to be

modified to include specific cross-environment support to use the embodiments below.

[0080] To provide scamless cross-cnvironment user interaction support for an application
and/or the user interaction space of a first OS (e.g., mobile OS 130) from within a user
interaction space of a second OS (e.g., desktop OS 160), it may be desirable for graphics
data of the application and/or the user interaction space (i.e., graphics context or active
display) to be rendered for display in the user interaction space of the second OS in real-
time. Real-time (or instant) rendering, in this context, means that graphics data of the
application is rendered to the user interaction space of the second OS fast enough that the
user can interact with the application without a noticeable or substantial reduction in
application performance due to delays associated with transferring the graphics
information. Tn this rcgard, the techniques for real-time (or instant) cross-cnvironment
rendering, as described herein, provide for rapid transfer of graphics information, for
example, with a limited number of frame delays or other delays associated with copying
or transferring the graphics information from the first OS to the second OS. However, it
does not mean that the graphics transfer does not take any time, and the cross-
environment rendering techniques disclosed herein may be considered instant or in real-
time, even though a finite time period passes before the graphics information is displayed

on the user interaction space of the second OS.

[0081] To achieve cross-environment rendering of applications, a potentially large

amount of graphics data may be passed from the application running in the first operating
system to a graphics system of the second operating system. Existing mechanisms are not
capable of transferring the required graphics data without potentially affecting the display

update or frame rate. For example, transferring graphics data directly would not be
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practical within the constraints of a mobile computing environment. Compression
techniques could be used to reduce the total amount of data to be transferred, but at the
cost of increased processing requirements to compress and de-compress the information.
Remote desktop-like systems could be used to pass vector graphics or graphics update
information, however, these are also typically slow when transferring large amounts of

graphics data or for rapidly changing graphics content.

[0082] FIG. 7 illustrates OS architecture configuration 300a, which may be employed to
provide cross-environment rendering of an application and/or the user interaction space of
a first OS within a user interaction space of a second OS, where the first and second OS
are running concurrently on a shared kernel and are associated with separate user
intcraction spaccs that include scparate display devices, according to various
embodiments. Components of OS architecture configuration 300a allow applications
running on mobile OS 130 and/or the graphics context of mobile OS 130 to be rendered
within the user interaction space of desktop OS 160, where OS 130 and desktop OS 160
run concurrently on shared kernel 320. In various embodiments, an application is
displayed in a console window in the user interaction space of desktop OS 160 through
console application 782 of desktop OS 160. In one implementation, console application
782 is an X-windows type application that is displayed within the user interaction space

of desktop OS 160 through an X-windows type graphics system of desktop OS 160.

[0083] In OS architecture configuration 300a, mobile OS 130 includes graphics server
734 that allocates and manages surface information (e.g., surfaces 726, 727, and 728) for
applications (e.g., application 752 and 754) of mobile OS 130. In one embodiment,
graphics server 734 allocates memory for graphics surfaces using anonymous shared
memory (i.e., named memory blocks shared between processes that the kernel is allowed
to frec). Graphics server 734 also allocates and tracks displays of mobile OS 130,
including displays that are integrated within mobile computing device hardware 112 (i.e.,
local displays) and so-called virtual displays through which applications of mobile OS
130 may be displayed remotely (i.c., within a user interaction space of another OS).
Mobile OS 130 may also include a window system for displaying multiple applications at
the same time on a display screen associated with mobile OS 130. In one embodiment,
mobile OS 130 includes a service that provides a remote communication channel for

access to components of mobile OS 130 from desktop OS 160.
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[0084] OS architecture configuration 300a includes a first application 752 that is running
on mobile OS 130 and displayed within a first user interaction space associated with
mobile OS 130. OS architecture configuration 300a includes a second application 754
that is also running on mobile OS 130, but is displayed within a second user interaction
space associated with desktop OS 160 through cross-environment rendering according to
embodiments described below. In one embodiment, application 754 is displayed within a
console window of the second user interaction space through console application 782

running on desktop OS 160.

[0085] Generally, applications of mobile OS 130 instantiate views through which the user
interacts with the application. For example, an application may have a single view that
makcs up the application window. Within views, applications instantiatc drawing objccts
for specific areas of the application interface. The drawing objects may be called canvases
or drawing layers and are the objects through which the application draws graphics
information. When an application instantiates a canvas or layer, graphics server 734
allocates memory for the surface information associated with the canvas or layer and
returns the drawing object to the application, which the application then uses to draw
graphics information for the surfaces of the canvas or layer. Graphics server 734 then
monitors the surface information and renders the surface information into the frame
buffer (e.g., frame buffer 716) when the surface information is updated. Typically, the
uscr also intcracts with the application through the view objects. The view objects include
event listeners that are called by the mobile OS input queue 736 when actions are

performed by the user on the view object.

[0086] As illustrated in OS architecture 300a, surfaces 726, 727, and/or 728 are allocated
by graphics server 734 in shared memory 724. Shared memory 724 is managed by shared
kernel 320 and is accessible by all processcs running on mobile OS 130 and desktop OS
160. As described above, shared memory 724 may be named shared memory. While
named shared memory is accessible by all processes running on shared kernel 320, other
processes cannot access regions of named shared memory by name. Accordingly, a file
descriptor to regions of named shared memory must be passed through an inter-process
communication mechanism to pass a reference to named shared memory across process
boundaries. Shared kernel 320 also includes IPC driver 725, which allows processes in

mobile OS 130 and desktop OS 160 to communicate with one another across process
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boundaries. IPC driver 725 may be, for example, a Unix domain socket driver, Android

Binder driver, and/or network socket driver.

[0087] Desktop OS 160 of OS architecture configuration 300a includes console
application 782 and window system 774. Console application 782 is compiled for and
runs on desktop OS 160, and is displayed within a console window in the user interaction
space associated with desktop OS 160. Window system 774 may include a window
manager, graphics server, and/or graphics device interface that provides the basis for
representing graphical objects and transmitting them to display devices through desktop
OS frame buffer 718. For example, window system 774 may display console application
782 within the user interaction space of desktop OS 160 through desktop OS frame buffer
718. Window systcm 774 also provides input cvents from the uscr cnvironment of
desktop OS 160 associated with console application 782 to console application 782. For
example, window system 774 may provide pointing device location or gesture
information from the user interaction space associated with desktop OS 160 to console

application 782.

[0088] In FIG. 7, memory blocks including shared memory 724, mobile OS frame buffer
716, and desktop OS frame buffer 718 are shown as located within shared kernel 320 for
ease of illustration. However, these memory blocks are physically located in tangible
memory storage elements of mobile computing device 110 and managed by shared kernel
320. For example, these memory blocks may be located in RAM on processor 114, and/or
in RAM of memory device 206 of mobile computing device hardware 112 illustrated in

FIG. 2.

[0089] OS architecture configuration 300a provides support for cross-environment
rendering of applications of a first operating system running on a shared kernel within a
user interaction space associated with a second operating system, where the first and
second operating systems run concurrently on the shared kernel. OS architecture
configuration 300a may be employed to provide support for cross-environment rendering
in a computing environment that provides multiple user computing experiences through
multiple uscr intcraction spaces. For example, OS architccturc configuration 300a may be

used in computing environment 100 as illustrated in FIG. 1.

23



WO 2012/044872 PCT/US2011/054105

10

15

20

25

30

Page 405 of 1192

[0090] FIG. 8 illustrates computing environment 800, according to various embodiments.
Computing environment 800 has a first user environment that includes touch-screen
display(s) 116 and other /O devices 118 of mobile computing device hardware 112. This
user environment presents a first user interaction space through which the user interacts
with mobile OS 130. A second user environment of computing environment 800 includes
display monitor 844, keyboard 846, and/or pointing device 848. User environment 840
may be connected to mobile computing device 110 through dock connector 841 and dock
cable 843. Dock connector 841 and dock cable 843 may include a port that interfaces
through dock interface 122 to port 120 of mobile computing device 110 as illustrated in
FIG. 1. In this regard, user environment 840 provides a docked secondary terminal
environment to mobile computing device 110. In computing environment 8300, desktop
OS 160 may be associated with docked secondary terminal environment 840 such that the
user can interact with desktop OS 160 through the user interaction space provided by
secondary terminal environment 840. While secondary terminal environment 840 is
illustrated as a typical desktop-type computing environment, desktop OS 160 may present
a sccond uscr intcraction spacc through other types of computing environments, including

laptop, tablet, and/or other types of computing environments.

[0091] OS architecture configuration 300a may be used within computing environment
800 to provide cross-environment rendering of applications running on a first OS (i.e.,
mobile OS) and displaycd within a uscr cnvironment of a sccond OS (i.c., user
environment 840 associated with desktop OS 160). For example, application 754, running
on mobile OS 130, may be displayed within console window 882 on the user interaction
space 880 of desktop OS 160. Other windows within user interaction space 880, including
window 884 and 886, may be windows of other applications running on desktop OS 160.
To the user, computing environment 800 provides a seamless computing experience for
application 754 because application 754 can be used within the user interaction space of
desktop OS 160 as if it was running on desktop OS 160, while in fact application 754 is

running on mobile OS 130.

[0092] FIG. 8 illustrates a desktop-like secondary terminal environment 840. In this
instance, the user may interact with an application and/or the user interaction space of the
mobile OS through console window 882 using keyboard 846 and mouse 848 (i.e., a

primarily pointing device-based GUI) of secondary terminal environment 840. However,
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cross-environment rendering of an application and/or mirroring of the mobile OS user
interaction space may be used with other secondary terminal environments. For example,
desktop OS 160 could be associated with a tablet-like secondary terminal environment
that includes a touch-screen display. In this instance, the user may interact with a cross-
environment application or mirrored user interaction space of mobile OS 130 in much the
same manner (i.e., a primarily gesture-based GUI) in which the user typically interacts

with the user interaction space of mobile OS 130.

[0093] As discussed above, embodiments of the invention are directed to providing
concurrent user interface support across cross-environment applications and/or a mirrored
user interaction space in a multiple-OS computing environment. In one example, user
intcrface support is provided for cross-cnvironment applications to allow an application,
running on a first OS, to be displayed and interacted with through a user interaction space

of a second OS, substantially as if running natively on the second operating system.

[0094] Non-Extended Rendering Context Embodiments

[0095] Some embodiments handle concurrent user interface support across multiple OSs
without extending the graphics rendering context of the first operating system. The first
OS (e.g., the mobile OS, Android) is typically configured to define a single, active user
interaction space. The user interaction space includes an active display (e.g., with
associated characteristics, like resolution) and one or more active input devices for
allowing user interaction with the elements displayed on the active display. Accordingly,
the first OS establishes a rendering context through which it can render surface

information for applications that are running for display to the active display.

[0096] As described above, however, novel techniques are described herein for
cffectively fooling the first OS into concurrently handling multiple uscr intcraction
spaces. Moreover, the techniques allow the multiple user interaction spaces to be
associated with different (e.g., incompatible) operating systems on multiple computing
environments. Some embodiments involve techniques for handling the display outputs
through cross-environment remote rendering. Other embodiments involve techniques for

handling the user interaction in those contexts.
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[0097] In cross-environment remote rendering, application graphics for an application
running on the first OS and displayed within a computing environment associated with a
second OS are rendered from within the second OS. In one embodiment, a console
application, running on the second OS, accesses surface information for the application
from shared memory and renders the application within a console window of the

computing environment associated with the second OS.

[0098] Suppose that a calendar application and a word processing application are both
compiled for and concurrently running on a first OS (e.g., mobile OS 130) on a mobile
device. A second OS (e.g., a non-mobile OS, like desktop OS 160) is running
concurrently on the mobile device using a shared kernel. A user has docked the mobile
device with a sccond, desktop computing cnvironment, and desires to intcract with the
word processing application through that desktop computing environment. It is desirable
to handle the user interaction space of the desktop computing environment using the
second OS of the mobile computing environment (i.e., the mobile device) in a way that is

transparent to the user.

[0099] FIG. 9 illustrates aspects of cross-environment remote rendering, according to
various embodiments. In application rendering diagram 900 illustrated in FIG. 9, the first
application 910 (e.g., calendar application) calculates updates for a first surface 912
within the first OS. The first surface 912 is stored in a first memory location in a shared
memory space by the first operating system. For example, the first memory location may
be a region of named shared memory. The first application 910 updates the back buffer
914 of the first surface 912. Similarly, the second application 930 (e.g., word processing
application) calculates updates for a second surface 932 using the first OS. The second
surface 932 is stored in a second memory location in the shared memory space (e.g., a

sccond rcgion of namcd sharcd memory) by the first OS.

[0100] The first OS determines when to initiate a rendering sequence. For example, the
first OS may initiate a rendering sequence when surface information for surfaces 912
and/or 932 has changed. The first OS may perform a single loop over all surfaces,
including the first surface 912 and sccond surface 932, determining whether surface
information associated with particular applications has changed. In the rendering

sequence, if surface information for surface 912 has changed, the first OS swaps the front
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buffer 916 and back buffer 914, such that the surface information that was in the back
buffer 914 is now in front buffer 916. The first operating system renders the first surface
912 into a third memory location 920 to create the final image 918 to be displayed within

a first user interaction space associated with the first OS.

[0101] If surface information for the second surface 932 has changed, the first OS notifies
the second OS that the surface information for the second surface 932 has changed.
Specifically, the first OS sends a draw notification to a console application of the second
OS indicating that surface 932 has been updated through an inter-process communication
channel. The draw notification may include a file descriptor to the front image 936,
and/or other characteristics of the shared memory space for front image 936 including
buffer size, layer order, cte. The console application maps the file descriptor to its process
space to obtain a reference to the second memory location. Through the reference to the
second memory location, the console application of the second OS reads directly the
surface information from the front image buffer 936 and renders the surface information
for the front image 936 of the second surface 932 in a console window 940 within a
second user interaction space associated with the second OS. In this way, the console
application can render the second application 930 in the console window 940 in real-time
without copying a graphics frame or surface information across processes. Instead, the
console application reads the surface information directly by mapping the shared memory
of the second surface 932 to its own process spacc using the file descriptor passed

through inter-process communication.

[0102] FIG. 10 shows a flow diagram 1000 of an illustrative method for cross-
environment remote rendering in a non-extended rendering context, according to various
embodiments. Embodiments maintain display of application graphics for a first
application (c.g., the calendar application) and a sccond application (e.g., the word
processing application), both compiled for and in active concurrent execution within a

first operating system.

[0103] The method 1000 begins at block 1004 by calculating updates to surfaces of the
first application using the first opcrating systecm. Calculating updatcs to the surfaccs may
involve using application data to determine which surfaces have changed and in what

ways. For example, user interaction may have caused some surfaces to change position,
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order (e.g., one layer may be partially in front of another layer, completely hidden by

another layer, etc.), size, color, texture, etc.

[0104] At block 1008, these updated surfaces of the first application are rendered using
the first operating system to generate a first graphics frame in a first memory location. For
example, a rendering engine of the first OS previously established a rendering context
associated with a display. A graphics frame can then be rendered by iterating through the
updated surface information to effectively draw a full or partial image of visible portions
of surfaces from the first application according to characteristics (e.g., resolution) of the
display associated with the rendering context. This graphics frame is rendered to a first
memory location. The memory location can be frame buffer memory, shared memory, or

any other uscful memory location.

[0105] In some embodiments, at block 1012, the rendered first graphics frame is
displayed from the first memory location to a display of a first computing environment
associated with the first operating system. For example, the first graphics frame is
rendered into a back buffer portion of the frame buffer of the mobile device.
Subsequently, the frame buffer flips (i.e., the back buffer portion becomes the front buffer
portion) and the now-front buffer portion of the frame buffer is displayed to the display of

the mobile device.

[0106] At block 1016, updates are calculated to surfaces of the second application using
the first operating system. This may be performed substantially identically to the
calculation of block 1004 for surfaces of the first application. Unlike with the updated
surface data of the first application, however, the updated surface information of the
second application is not rendered by the first OS. Rather, at block 1020, the updated
surfaces of the second application are stored in a second memory location. The second
memory location is a shared memory location accessible by both the first and second

OSs, which are running concurrently on the shared kernel of the mobile device.

[0107] At block 1024, the updated surfaces of the second application are rendered using a
console application of the second operating system to generate a second graphics frame in
a third memory location. For example, console application 782 of FIG. 7 may render
updated surfaces of application 754 into frame buffer memory of the second OS (e.g.,
associated with the display of the second computing environment). In some embodiments,
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at block 1028, the second graphics frame is displayed from the third memory location to a
display of a second computing environment associated with the second operating system.
For example, the display driver of the desktop computing environment display accesses
the frame buffer memory to access and display the second graphics frame. In certain
implementations, the console application also maintains a console interaction space, and
the second graphics frame is rendered into the console interaction space. For example, the
console application renders one or more windows on the desktop display, and the

graphics of the second application are displayed in one of those windows.

[0108] In some embodiments, the method 1000 iterates through the blocks to
concurrently maintain the graphics environments for both applications. For example, the
mobilc OS calculates updates to the first application’s graphics and renders thosc updatcs
to mobile frame buffer memory; then the mobile OS calculates updates to the second
application’s graphics and stores those updates to shared memory, from where the
desktop OS’s console application renders those updates to desktop frame butfer memory;
then the method 1000 repeats with the next set of updates. Notably, some
implementations perform certain steps out of order and/or in parallel. For example, it may
be possible to calculate updates to surfaces for the first and second applications at
substantially the same time (i.c., perform blocks 1004 and 1016 substantially in parallel),
though only a portion of those updated surfaces will be rendered locally (e.g., at block
1008) and the othcer portion of thosc updated surfaces will be stored for remote rendering

(e.g., at blocks 1020 and 1024).

[0109] In one embodiment, an Android mobile OS and a full Linux OS (e.g., Hydroid)
are running concurrently on a shared kernel on a mobile device. When an Android
application is launched from Hydroid OS 660, a console application launches on Hydroid
OS 660 and requests that Android OS 430 launch the Android application and send draw
notifications for the Android application to the console application. Android OS 430
launches the Android application, associates the application with a virtual display ID and
registers the console application to receive draw notifications for the application. For
example, the Android graphics server (i.e., SurfaceFlinger) may allocate an unused virtual
display ID and associate the application with the virtual display ID through an application

object list. SurfaceFlinger allocates memory for surface information of the Android
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application in shared memory and registers the console application to receive draw

notifications for the Android application.

[0110] When SurfaceFlinger determines that the surface information is updated,
SurfaceFlinger sends a draw notification to the console application through an inter-
process communication channel. For example, SurfaceFlinger may send the draw
notification to the console application through a unix domain socket, Binder interface,
and/or network socket. The draw notification includes a file descriptor to the surface
information. The file descriptor may be generated by SurfaceFlinger based on a
namespace for a named shared memory region of the surface. The draw notification may
also include data format, buffer size, and surface position information. The console
application maps the filc descriptor to its process space and rcads from the sharcd
memory location through the mapped file descriptor. The console application then renders
the graphics frame for the application directly from the surface information. The rendered
graphics frame is then displayed by the desktop OS graphics system (i.e., through the X-
windows graphics system of Hydroid OS 660).

[0111] FIG. 11 illustrates a registration and drawing process flow 1100 for cross-
environment remote rendering in more detail, according to various embodiments.
Initially, console application 1102, running on Hydroid OS 660, requests through 1IPC
channel 525 of shared kernel 520 at step 1106 that an Android application be started and
displayed within a user environment of Hydroid OS 660, or moved from a user
environment of Android OS 430 to a user environment of Hydroid OS 660. Android
requests from SurfaceFlinger 434 a virtual display ID for the application, starts the
application, and sets parameters for the virtual display at steps 1108, 1110, and 1112. At
step 1114, Android returns the display ID to the console application through IPC channel
525. At step 1116, the application requests a new surface, which SurfaccFlinger 434

creates by creating an instance of surface class 1104 at step 1118.

[0112] Console application 1102 instantiates a renderer object at step 1120, which
renders Android surface information through the X-window system of Hydroid OS 660.
At step 1122, consolc application 1102 registers a remotable interface of the renderer
object 1124 with SurfaceFlinger 434 to receive draw notifications for surface information

for the Android application. In one embodiment, the remotable interface of the renderer
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object includes draw() and clear() methods that may be called through IPC channel 525.
At steps 1126 and 1128, SurfaceFlinger attaches the IPC object to the surface such that
the console application 1102 will be notified through the remotable interface when the

surface information has been updated.

[0113] Steps 1130 and 1132 are part of the render loop of process flow 1100. In the
render loop, SurfaceFlinger notifies console application 1102 that the surface information
is updated and passes a file descriptor to the surface information through IPC channel
525. For example, a draw method of the console application renderer may be called and
passed the file descriptor to the surface. Console application 1102 maps the file descriptor
to its process space and accesses the referenced shared memory location to read the
surfacc information and render the graphics frame to be displayed on a display of a

second computing environment associated with Hydroid OS 660.

[0114] FIG. 12 shows a flow diagram 1200 of another illustrative method for cross-
environment rendering in a non-extended rendering context, according to various
cmbodiments. As with the method 1000 of FIG. 10, cmbodiments maintain display of
application graphics for a first application and a second application, both compiled for

and in active concurrent execution within a first operating system.

[0115] The method 1200 begins at block 1204 by establishing a first rendering context of
the first operating system. The rendering context may be unique to the display with which
it is associated. For example, implementations of the mobile OS can be associated with a
mobile device display having a certain resolution. The rendering context may be
established to match the resolution of the associated display, so that graphics will be
appropriately rendered for that resolution. At block 1208, the method 1200 calculates
updates to surfaces of the first application using the first operating system. As discussed
above, calculating updates to the surfaces may involve using application data to

determine which surfaces have changed and in what ways.

[0116] The updated surfaces of the first application are then rendered using the first
operating system, at block 1212, to generate a first graphics frame in a first memory
location. Rendering typically involves converting graphical primitives into bits (e.g., a
bitmap) that form a graphics frame for display. For example, surface information defines
mathematically properties of each surface, including shape, size, color, layering order
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(i.e., which other surfaces it is in front or in back of), transparency, etc. The rendering
engine of the OS can interpret the surface data to determine, at each location (e.g., “X, Y”
location) in the rendering context, what bit to display as a function of rendering all the
surface information (e.g., using iterative compositing, ray-tracing, and/or other
techniques). The updated surfaces of the first application can be rendered, using the first
rendering context, into a bitmap for storage into the first memory location (e.g., frame

buffer memory, shared memory, or any other useful memory location).

[0117] In some embodiments, at block 1216, the first graphics frame is displayed from
the first memory location to a display of a first computing environment associated with
the first operating system. For example, a display driver for the mobile device display
acccsses associated frame buffer memory to display the bitmap gencrated in the first
rendering context. At block 1220, the first rendering context is disestablished (e.g., “torn

down”).

[0118] At block 1224, a second rendering context of the first operating system is
cstablished. In some implementations, the sccond rendering context is identical to the first
rendering context. However, the second rendering context may also be established
according to characteristics of a display of the second computing environment (e.g., the
desktop display). Updates to surfaces of the second application are calculated using the
first operating system at block 1228. These updates are then rendered, at block 1232, in
the second rendering context of the first operating system to generate a second graphics
frame in a second memory location. Notably, the second memory location is a shared
memory location accessible by both the first operating system and the second operating

system, which are running concurrently on the shared kernel of the mobile device.

[0119] In some embodiments, at block 1236, the second graphics frame is displayed from
the second memory location to a display of a second computing environment associated
with the second operating system. It is worth noting that, unlike in FIG. 10, both
applications’ updated graphics frames are rendered using the first OS’s rendering engine.
For example, the console application of the second OS can access the second, shared
mecmory location to dircctly retricve a rendered bitmap for display to the second
computing environment’s display. At block 1240, the second rendering context is

disestablished.
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[0120] In some embodiments, the method 1200 iterates through the blocks to
concurrently maintain the graphics environments for both applications. For example, the
mobile OS iteratively establishes, uses, and tears down a rendering context for the first
application; then establishes, uses, and tears down a rendering context for the second
application. Using this technique, all the rendering can be performed by one OS (i.e., by
the rendering engine of the first OS), and there is no need to provide or use rendering
functionality of the other OS. However, the technique involves additional overhead

associated with repeatedly establishing and tearing down rendering contexts.

[0121] The above embodiments of cross-environment rendering describe how a graphics
frame for an application running on a first OS may be displayed within a console window
of a uscr interaction space of a sccond OS in a multi-OS computing cnvironment using
non-extended rendering contexts. To support user interaction with such cross-
environment applications, embodiments redirect input events from the user interaction
space of the second OS to the first OS in such a way that cross-environment applications
receive input events as if coming from the user interaction space of the first OS (i.e., the
application receives the input events through the same event handlers and/or views
through which it would receive user input if displayed within the user interaction space of

the first OS).

[0122] Referring back to FIGS. 7 and 8, desktop OS 160 is configured to provide a
second user interaction space through secondary terminal environment 840 suitable to a
desktop computing experience. As described above, application 752 may be displayed
within the user interaction space of mobile OS 130 while application 754, running on
mobile OS 130, is displayed in console window 882 of the second user interaction space
through console application 782 running on desktop OS 160 using embodiments of cross-
cnvironment rendering described above. Notably, applications 752 and 754 can be any
applications compiled for mobile OS 130, running within the mobile OS runtime
environment and accepting input events through the mobile OS framework without
modification for being displayed or interacted with remotely (not on the user interaction

space of mobile OS 130).

[0123] FIG. 13 illustrates OS architecture configuration 300b for providing user

interaction support to cross-environment applications, according to various embodiments.
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In OS architecture configuration 300b, device drivers in shared kernel 320 implement the
hardware interfaces for /O devices 844, 846, and/or 848 that make up secondary terminal
environment 840. Through the device drivers, input events for these devices appear in
devices 1364, 1366, and/or 1368 of /O devices 1360 of shared kernel 320. Because
system resources of shared kernel 320 are available to both mobile OS 130 and desktop
OS 160, mobile OS determines whether input events on input devices 1364, 1366, and/or
1368 are intended for mobile OS 130. When desktop OS 160 is configured to provide a
second user interaction space (i.e., mobile computing device 110 is docked to secondary
terminal environment 840), mobile OS 130 ignores input events from input devices
associated with the second user interaction space. In OS architecture configuration 300b,
mobile OS 130 ignores input events from devices 1364, 1366, and/or 1368. In this
instance, desktop OS 160 accepts input events from devices 1364, 1366, and/or 1368.

[0124] Desktop OS 160 processes input events from devices 1364, 1366, and/or 1368 and
determines how to distribute the events to various windows or GUI elements within
desktop OS 160. For example, window system 774 of desktop OS 160 may accept input
events from devices 1364, 1366, and/or 1368. In one embodiment, the graphics system of

desktop OS 160 is an X-windows graphics system.

[0125] In one instance, the user clicks a button of a pointing device at a screen location
within console window 882 of console application 782. A corresponding input event
appears in device 1368 and desktop OS 160 receives and processes the input event.
Window system 774 directs the input event to console application 782 through which
application 754, running on mobile OS 130, is displayed using embodiments of cross-
environment rendering. As described above, application 754 is a mobile application and
instantiates views and other event handlers using libraries of mobile OS 130 that receive
input from thc input qucuc 736 of mobilc OS 130 to accept user input. To present the
input event to application 754 in such a way that application 754 will properly interpret
the input event, console application 782 maps the input event to the graphics context of
mobile OS 130 and passes the event to the input queue 736 of mobile OS 130 through
virtual input device 1370. Virtual input device 1370 appears to mobile OS 130 as an input
device with the proper input event protocol for mobile OS 130. In addition, input events
are formatted by console application 782 to be relative to the graphics context of mobile
OS 130. Mobile OS 130 associates virtual input device 1370 with application 754 such
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that application 754 receives the input event from the mobile OS event queue. For
example, mobile OS 130 may associate virtual input device 1370 with the virtual display
ID of application 754. In this way, application 754 receives and processes the input event
just as if application 754 was displayed and interacted with through the user interaction
space of mobile OS 130.

[0126] FIG. 14 illustrates aspects of user interaction support for cross-environment
applications rendered using a non-extended graphics context, according to various
embodiments. The method 1400 begins at block 1402, when an input event is received
from an input device (e.g., keyboard 846, pointing device 848) connected to mobile
computing device 110. As described above, the input event may appear in an input device
in the shared kernel. At block 1404, the mobilc OS determines whether mobile computing
device 110 is docked and the desktop OS is associated with the input device. For
example, if mobile computing device 110 is not docked with a secondary terminal
environment and the desktop OS is suspended, the mobile OS may determine that the
desktop OS is not associated with the input device. If the desktop OS is suspended or the
input device is not part of a secondary terminal environment associated with the desktop

OS, the mobile OS accepts the input command from the input device at block 1406.

[0127] 1f the desktop OS is not suspended and the input device is part of a secondary
terminal environment associated with the desktop OS, the mobile OS ignores the input
event on the input device and the desktop OS accepts the input event at block 1408. At
block 1410, the desktop OS distributes the input event to the appropriate window or GUI
element within the desktop OS. If the input event is not directed to the console window,
the input event is directed to another window or GUI element at block 1412. If the input
event is directed to the console window (e.g., the user clicks a pointing device within the
console window arca), the input cvent is passed to the console application as an input

event at block 1414.

[0128] At block 1416, a virtual input device is generated for input events from the
console application. The virtual input device may be generated in the shared kernel or
input cvents may be written directly into the mobile OS input devices. At block 1418, the
console application maps the input event to the graphics context of the mobile OS. For

example, the console application may map the position of an input event within the

35



WO 2012/044872 PCT/US2011/054105

10

15

20

25

30

Page 417 of 1192

console window of the console application to the position within the graphics context of
the mobile OS. The console application may translate the input event for an input format
or input mode state for the mobile OS. For example, an input format may be different
between the desktop OS and the mobile OS. Even with common input formats, the
desktop OS and mobile OS may have different input mode states. For example, the
desktop OS may be processing input events using a non-touch mode input state while the
mobile OS is in a touch mode input state. Tn this instance, an input event generated by a
pointing device in the desktop OS user interaction space may be translated to appear as a

gesture-based event in the virtual input device.

[0129] At block 1420, the virtual input device is associated in the mobile OS with the
virtual display dcvice for the application displaycd within the console window. For
example, multiple applications may be running on the mobile OS and displayed within
different console windows on the user interaction space of the desktop OS. Each
application displayed within a separate console window in the user interaction space of
the desktop OS is assigned a virtual display ID within the mobile OS. Therefore, when
the mobile OS receives an input event from a console application of the desktop OS
through a virtual device, the mobile OS can map the virtual device to the correct
application through the virtual display ID. At block 1422, the input event is passed to the
application associated with the virtual display and the application can process the input
cvent as if it occurred through a uscr interaction space of the mobile OS. Notably, the
above method works with any application of mobile OS 130, the application does not
need to be specially designed to accept input events through the console application of the
desktop OS.

[0130] Extended Rendering Context Embodiments

[0131] Some embodiments handle concurrent user interface support across multiple OSs
by establishing extended rendering contexts within the first operating system. As
discussed above, the first OS (e.g., the mobile OS, Android) is typically configured to
define a single, active user interaction space with a single active rendering context. Novel
techniques arc described herein for cffectively fooling the first OS into concurrently
handling multiple user interaction spaces by tiling a number of so-called “context spaces”

into a single, extended rendering space and associating each context space with a different
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display. Embodiments include techniques for handling the display outputs to multiple

user interaction spaces and techniques for handling the user interaction in those contexts.

[0132] Returning to the example discussed above with reference to the non-extended
rendering context embodiments, suppose again that a calendar application and a word
processing application are both compiled for a first OS (e.g., mobile OS, Android OS)
and are both running concurrently within the first OS on a mobile device. A second OS
(e.g., a non-mobile OS, like Hydroid) is running concurrently on the mobile device using
a shared kernel. A user has docked the mobile device with a second, desktop computing
environment, and the desktop computing environment is associated with and displaying
the user interaction space for the second OS. The user desires to interact with the word
processing application, running on the first OS, through the desktop computing
environment of the second OS. It is desirable to handle the user interaction space of the
desktop computing environment using the second OS of the mobile computing

environment (i.e., the mobile device) in a way that is transparent to the user.

[0133] FIG. 15 illustrates aspects of concurrent user intcrface support across multiple
OSs using extended rendering contexts, according to various embodiments. In application
rendering diagram 1500 illustrated in FIG. 15, the first application 1510 (e.g., calendar
application) calculates updates for a first surface 1512 within the first OS. The first
surface 1512 is stored in a first memory location in a shared memory space by the first
OS. Specifically, the first application 1510 updates the back buffer 1514 of the first
surface 1512. Similarly, the second application 1530 (e.g., word processing application)
calculates updates for a second surface 1532 using the first operating system. Again, the
updates by the second application 1530 to the second surface 1532 are made to the back
buffer 1534. The second surface 1532 is stored in a second memory location in the shared

memory space by the first OS.

[0134] The first OS determines when surface information is changed and initiates a
rendering sequence. The first OS may perform a single loop over all surfaces, including
the first surface 1512 and second surface 1532, determining when surface information
associatcd with particular applications has changed. In the rendering scquence, the first
OS determines when surface information is changed and swaps the front buffer 1516 and

back buffer 1514 of the first surface 1512, and the front buffer 1536 and back buffer 1534
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of the second surface 1532. The first OS establishes an extended rendering context 1520
in a third memory location in a shared memory space and renders the first surface 1512
into a first context space 1522 of the extended rendering context 1520. The first OS
renders the second surface 1533 into a second context space 1524 of the extended

rendering context 1520.

[0135] In embodiments, the extended rendering context 1520 may overlap in memory
space with the frame buffer of the first OS. For example, the memory location of the first
context space 1522 of the extended rendering context 1520 may be coextensive with the
frame buffer of the first OS. The first OS passes a notification to the second OS that the
final image is rendered at the third memory location. For example, the first OS may pass a
file descriptor to the shared memory location of the second context space 1524 of the
extended context 1520 to a console application of the second OS through an inter-process
communication channel. The second OS accesses the second portion of the extended
graphics context at the third memory location to retrieve the rendered graphics frame
1538 for display in the console window 1540 of the second OS. For example, the console
application of the second OS may map the file descriptor to its process space and read the
rendered graphics frame from the third memory location for display within the user
interaction space of the second OS. In this way, the second OS displays the rendered

graphics frame for the second application within its user interaction space in real-time.

[0136] FIG. 16 shows a flow diagram 1600 of an illustrative method for cross-
environment rendering using an extended rendering context, according to various
embodiments. Embodiments maintain display of application graphics for a first
application (e.g., a calendar application) and a second application (e.g., a word processing
application). It is assumed that both applications are compiled for and in active concurrent
cxccution within a first operating system (c.g., the Android OS), but that a uscr dcesires to
interact with the second application through a second computing environment associated
with a second OS. Notably, these techniques can be applied in environments where the
two OSs are incompatible (e.g., applications compiled for the first OS could not be
directly executed on the second OS). In some implementations, as described above, the
two OSs are running independently and concurrently on a shared kernel of the mobile

device.
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[0137] The method 1600 begins at block 1604 by establishing an extended rendering
context of the first OS. As discussed above, the rendering context is typically established
according to characteristics of a single, active display. However, the extended rendering
context is established to have a first context space associated with the first application and
a second context space associated with the second application. The first and second

context spaces are non-overlapping.

[0138] In some embodiments, the extended rendering context is generated by tiling the
active display of the local device (e.g., the display of the mobile device having the shared
kernel) and any virtual displays (i.e., displays of the first OS associated with console
windows displayed within the user interaction space of the second OS) to form what
looks to the first OS to be one, large display. Regions of the extended rendering context
are designated as non-overlapping context spaces to maintain their association with their
respective physical or virtual displays. Notably, in some implementations, different
context spaces may have different resolutions or other characteristics. Also, in certain
embodiments, context spaces are not contiguous. For example, the extended rendering
context is established in such a way that space is left between each context space that is

not assigned to any context space.

[0139] At block 1608, updates are calculated to surfaces of the first application and the
second application using the first operating system. The updated surfaces are then
rendered using the first operating system, at block 1612, to generate an extended graphics
frame in a shared memory location accessible by both the first operating system and a
second operating system (e.g., which may be running concurrently on a shared kernel). A
first portion of the extended graphics frame is associated with the first context space
(associated with the first application) and a second portion of the extended graphics frame
is associated with the sccond context space (associated with the sccond application. When
the rendering occurs at block 1608, the updated surfaces of the first application are
rendered to the first portion of the extended graphics frame, and the updated surfaces of
the second application are rendered to the second portion of the extended graphics frame.
It is worth noting that, in this way, the extended graphics frame effectively includes

rendered surfaces of both applications tiled into their appropriate context spaces.
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[0140] In some embodiments, at block 1616, the first portion of the extended graphics
frame associated with the first context space is displayed from the shared memory
location to a display(s) of a first computing environment associated with the first OS. For
example, as discussed above, the shared memory location is frame buffer memory (or is
copied to frame buffer memory) of the mobile device, and a display device driver of the
mobile device accesses the frame buffer memory to display the first portion of the
extended graphics frame to its display(s). Further, in some embodiments, the second
portion of the extended graphics frame associated with the second motion space is
displayed, at block 1620, from the shared memory location to a display of a second
computing environment associated with the second operating system. For example, as
discussed above, the shared memory location is copied to frame buffer memory of the
second OS associated with the second (e.g., desktop) computing environment, and a
display device driver displays the second portion of the extended graphics frame to a

display of the second computing environment.

[0141] In embodiments discussed with reference to FIG. 12, rendering for the second
application’s updated graphics is performed remotely by the second OS. In embodiments
discussed with reference to FIG. 15, rendering for both applications is performed locally
by the rendering engine of the mobile device, but the rendering context is continually
established and disestablished. The embodiments discussed with reference to FIG. 16
allow rendering for both applications to be performed locally by the rendering enginc of
the mobile device, while maintaining a single, albeit extended, rendering context (i.e.,

without disestablishing the rendering context).

[0142] FIG. 17 shows a flow diagram 1700 of another illustrative method for cross-
environment rendering using an extended rendering context, according to various
cmbodiments. As in the mcthod 1600 of FIG. 16, cmbodiments maintain display of
application graphics for a first application and a second application that are both compiled
for and in active concurrent execution within a first operating system. The method 1700
begins by establishing an extended rendering context of the first operating system at
block 1704 and calculating updates to surfaces of the first application and the second
application using the first operating system at block 1708. As discussed above, the
extended rendering context is established to have a first context space associated with the

first application and a second context space associated with the second application. The
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first and second context spaces are non-overlapping. In some implementations, blocks
1704 and 1708 are performed in a substantially identical manner to blocks 1604 and
1608, respectively.

[0143] At block 1712, the updated surfaces of the first application are rendered according
to the first context space using the first operating system to generate a first graphics frame
in a frame buffer of the first operating system. For example, the first context space may
be associated with a particular resolution, particular tiling offsets (e.g., starting “X”
position), etc. In some implementations, the first graphics frame is generated in a
substantially identical manner to generation of the respective portion of the extended
graphics frame in the method 1600 of FIG. 16. In some embodiments, at block 1716, the
first graphics framc associated with the first context spacc is displaycd from the frame
buffer to a display of a first computing environment associated with the first operating

system.

[0144] At block 1720, the updated surfaces of the second application are rendered using
the first operating system to gencrate a sccond graphics frame in a shared memory
location. As discussed above, the shared memory location is accessible by both the first
operating system and a second operating system (e.g., which may be running concurrently
on a shared kernel). In some embodiments, at block 1724, the second graphics frame
associated with the second motion space is displayed from the shared memory location to
a display of a second computing environment associated with the second operating

system.

|0145] Notably, the embodiments of both FIGS. 16 and 17 establish extended rendering
contexts with context spaces for each application. However, while the method 1600 of
FIG. 16 renders all the graphics updates into a single extended bitmap, the method 1700
of FIG. 17 renders the graphics updates into separate bitmaps. One or the other technique
may be desirable, for example, depending on how memory is being managed and/or

accessed.

[0146] As with the embodiment of FIG. 12, in the embodiments of FIGS. 16 and 17 both
applications’ updated graphics frames are rendered using the first OS’s rendering engine.
Using the first OS’s rendering engine allows both applications to use hardware
acceleration capabilities of the mobile device that are available in the first OS. For
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example, in the embodiments of FIGS. 12, 16, and/or 17, either or both of the first and the
second application may be rendered by the first OS using 2D or 3D hardware-assisted

rendering.

[0147] Remote display of a graphics frame for an application running on a first OS (i.e.,
mobile OS, Android) using an extended rendering context provides a way for the first OS
to provide rendering for multiple applications for display within multiple user interaction
spaces using 4 single rendering context. However, an extended rendering context creates
issues for handling input events for applications displayed through the extended rendering
context. Specifically, the input queue of the first OS must be configured to handle
multiple input events from multiple applications displayed through separate virtual

displays of an cxtended rendering context.

[0148] Embodiments of cross-environment user interaction support are directed to
handling user input events for multiple applications running on a first OS and displayed
on multiple separate user interaction spaces (i.e., the mobile device user interaction space
and a dcsktop OS user interaction spacc) through an cxtended rendcering context of the
first OS. Embodiments include an extended input queue where input events from virtual
input devices for remotely displayed applications are mapped to separate motion spaces
within the input queue. For example, a first application (e.g., calendar application) is
running on a first OS and is being displayed to a first display associated with the first
device (e.g., the display of the mobile device on which the first OS is running). A second
application (e.g., word processing application) is also running concurrently with the first
application, but is rendered within a context space (i.e., virtual display) of the extended
rendering context and displayed on a second user interaction space of a second OS
running concurrently with the first OS on a shared kernel of a mobile device. The first OS
renders a graphics frame through an extended rendering context that includes both
application graphics for the first application in the first context space (i.e., the mobile
device display) and the second application in the second context space. The second
context space is displayed on a user interaction space of the second OS through a console

application running on the second OS.

[0149] Input events for applications displayed remotely through an extended rendering

context are received by the second OS (i.e., desktop OS, Hydroid) and passed to a virtual
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input device by the console application of the second OS in the same manner as described
above for non-extended graphics contexts. However, as described above, the input events
received in the mobile OS from the virtual input device are relative to the console
window displayed within the user interaction space of the second OS. Virtual input
devices are mapped to motion spaces within the extended input queue that are associated
with virtual displays corresponding to remotely displayed applications. The extended
input queue allows the first OS to correctly process input from multiple local and virtual
input devices intended for multiple concurrently executing applications using a single

input queue.

[0150] FIGS. 18a and 18b illustrate aspects of user interaction support for cross-
cnvironment applications using an cxtended rendering context, according to various
embodiments. FIG. 18a illustrates a user interaction space 1810 that is remotely
displaying applications running on a first OS (e.g., the GUI of the second OS displaying
applications running in the first OS). For example, first, second, and third applications
may be running on the first OS (i.e., in active concurrent execution with the first OS). The
first OS may display the first, second, and third applications within a first, second, and
third context space of an extended rendering context of the first OS according to
embodiments described above. Console windows 1812 and 1814 in user interaction space
1810 may be displaying the second application and the third application running in the

first OS, respectively.

[0151] FIG. 18b illustrates an extended input queue 1840 of the first OS that provides
user interaction support for each application running on the first OS. The extended input
queue 1840 includes a first motion space 1842, a second motion space 1844, and a third
motion space 1846. The first motion space is associated with the first context space of the
cxtended rendering context of the first OS, which is typically used to render a non-virtual
display 1852 of the first OS (i.e., the context space associated with display(s) 116 of
mobile computing device 110). The second and third motion spaces are associated with
virtual displays 1854, 1856, which are rendered through the second and third context

spaces, respectively.

[0152] When an input event occurs that is directed to a console window of a remotely

displayed application, the input event is directed to the motion space associated with the
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virtual display through which the application is displayed. For example, if the user clicks
with a pointing device within console window 1812 of user interaction space 1810, as
indicated by input event 1820, the window system of the second OS directs the input
event to the console application associated with console window 1812. The console
application maps the input event to a virtual input device as described above. However,
the input event is relative to the console window 1812. If the input event is fed directly to
the input queue of the first OS, the input event would not be directed to the correct
application event handler. Therefore, the input event 1820 from the virtual input device is
remapped to the second motion space 1844. In this way, the extended input queue directs
the input event to event handlers of the second application which receive and process the

input event 1820.

[0153] In embodiments, virtual displays are offset within the mobile OS input queue. For
example, in FIG. 18b, virtual displays 1854 and 1856 are offset by virtual display offset

1858 within the mobile OS input queue 1840. Virtual display offset 1858 prevents virtual
displays from appearing adjacent within the input queue, which may cause an input event
intended for one virtual display from being interpreted within a motion space associated

with a different application. The virtual display offset should be large enough never to be
used as an actual virtual display resolution parameter. In one embodiment, virtual display

offset 1858 is selected to be 10000 pixels.

[0154] FIG. 19 illustrates a method 1900 for receiving input events for cross-environment
applications displayed through an extended rendering context, according to various
embodiments. For example, method 1900 may be used to process input events for a first
application and a second application running within a first OS, the first application
displayed locally on the user interaction space of the first OS and the second application
displaycd remotcly in a user interaction spacc of a sccond OS through an cxtended

rendering context of the first OS.

[0155] Method 1900 begins at block 1902, when a first user input is received in a first
08, a first application and a second application in active concurrent execution within the
first OS, the first application displaycd within a first user environment associatcd with the
first OS and the second application displayed within a second user environment

associated with a second OS, the first and second operating systems running concurrently
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on a shared kernel, the first OS maintaining application graphics for the second
application by rendering a graphics frame for the second application through a first virtual
display of an extended rendering context. At block 1904, the first OS establishes an
extended input queue that includes a first motion space and a second motion space, the
second motion space corresponding to the first virtual display. For example, the first
operating system allocates the first virtual display for the second application, establishes
an extended rendering context having a first context space and a second context space,
associates the first virtual display with the second context space, and renders a graphics
frame for the second application through the second context space of the extended

rendering context using the techniques described above.

[0156] At block 1906, a first user input cvent is received by the first OS at a first virtual
input device from a first console application running in the second OS that is displaying
the rendered graphics frame for the second application through the second OS. At block
1908, the first virtual input device is mapped to the second motion space of the extended
input queue of the first operating system. Mapping the first virtual input device to the
second motion space allows the extended input queue of the first OS to correctly associate
input events from the first virtual input device to event handlers within views of the
second application. Specifically, when the input event is mapped to the second motion
space, the first OS will treat the input event as occurring at a location associated with the
sccond application in the extended input qucuc. At block 1910, the first OS passes the
first user input event to the second application from the mapped first virtual input device.
The extended input queue uses the tiled nature of the extended rendering context to
enable the input queue to handle multiple input events from multiple user interaction
spaces and direct the input events to the appropriate event handlers of the intended

applications.

[0157] Mirrored Context Embodiments

[0158] Embodiments of the extended and non-extended rendering contexts are described
above in the context of maintaining concurrent user interaction space support across
multiple applications over multiple operating systems. Tn many instances, it is desirable to
mirror the context for a single user interaction space. It is desired to view and interact

with the first OS (i.e., to “mirror” the interaction space) concurrently in a second
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computing environment associated with a second OS (e.g., a desktop environment
associated with Hydriod OS). Through the mirrored user interaction space, the user can
interact with the first OS as if interacting through the local device (i.e., the user can
browse available applications, start and stop applications, use the search capabilities of
the first OS, etc.).

[0159] The first OS (e.g., the mobile OS, Android) is typically configured to define a
single, active user interaction space. The user interaction space includes an active display
(e.g., with associated characteristics, like resolution) and one or more active input devices
for allowing user interaction with the elements displayed on the active display. Novel
techniques are presented for using cross-environment rendering to provide one or more
mirrorcd uscr interaction spaccs across multiple OSs. As discussced above, cmbodiments
operate even where the multiple OSs are incompatible and/or are running independently

and concurrently on a shared kernel.

[0160] Maintaining concurrent user interaction support with a mirrored context may be
accomplished using many of the same system clements referred to above with regard to
maintaining concurrent user interaction support for cross-environment applications. For
example, referring to FIG. 7, the graphics context for mobile OS 130 may be actively
displaying an application (e.g., applications 752 and/or 754) and/or a home screen of the
mobile OS 130 (e.g., home screen application 451 of Android OS 430). Surface
information for an actively displayed application and/or the home screen of the mobile
OS may be stored within shared memory 724. The mirrored context for mobile OS 130
may be displayed within the user interaction space of desktop OS 160 through console

application 782.

[0161] FIG. 20 shows a flow diagram 2000 of an illustrative method for cross-
environment rendering of a graphics context to provide a mirrored user interaction space,
according to various embodiments. The method 2000 begins at block 2004 by calculating,
using a first operating system, updates to a set of surfaces of a first application compiled
for and in active execution within the first operating system. For example, calculations
arc madc to dctermine changes in surfacc shapcs, sizes, texturcs, laycering, cte. The

surface updates are then rendered at block 2008, using the first operating system, to
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generate a graphics frame. The graphics frame may be a bitmap that reflects the updated

graphics information for the application.

[0162] At block 2012, the graphics frame is stored in a shared memory location
accessible by both the first operating system and a second operating system. In some
embodiments, the first and second OS are running concurrently on a shared kernel. The
graphics frame may be displayed to a first application display of the first application on a
first display of a first computing environment using the first operating system at block
2016. For example, the shared memory location may be frame buffer memory or may be
copied to a frame buffer of the first operating system. A display device driver of the local
device (e.g., which is running the shared kernel) accesses the frame buffer memory to

display thc bitmap.

[0163] Subsequent to storing the graphics frame in the shared memory location at block
2012, it is desirable to inform the second OS that the updated graphics information is
available. At block 2020, a file descriptor is passed, indicating the shared memory
location to a consolc application compiled for and in active cxccution within the sccond
OS. In some implementations, the file descriptor includes an indication of the shared
memory location. In other implementations, the file descriptor includes additional
information, like a flag indicating availability of updated graphics information for the

application being mirrored.

[0164] As described above, the console application may be an X-Windows or similar
type of application that is displayed within a window of a display in the second
computing environment. At block 2024, the console application accesses the updated
graphics information (e.g., the bitmap) at the shared memory location according to the file
descriptor and displays the graphics frame from the shared memory location to a second
application display of the first application on a second display of a second computing
environment. In some embodiments, the updated graphics information of the application
is displayed substantially concurrently on the displays of both the first and second

computing environments.

[0165] FIG. 21 shows a flow diagram 2100 of another illustrative method for cross-

environment rendering of a graphics context to provide a mirrored user interaction space,

according to various embodiments. As in FIG. 20, the method 2100 begins at block 2104
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by calculating, using a first operating system, updates to a set of surfaces of a first
application compiled for and in active execution within the first operating system. At
block 2108, the updated set of surfaces is stored in a shared memory location accessible
by both the first operating system and a second operating system (e.g., running

concurrently on a shared kernel).

[0166] At block 2112, the updated set of surfaces is rendered with the first operating
system to generate a first graphics frame. The first graphics frame can then be displayed,
at block 2116, to a first application display of the first application on a first display of a
first computing environment using the first operating system. For example, the mobile OS
130 renders the updated application graphics and displays the updated graphics to the
display(s) 116 of thc mobilc device 110.

[0167] At any time subsequent to storing the updated set of surfaces in shared memory in
block 2108, it is desirable to notify the second OS that the updated graphics information
is available. At block 2120, a file descriptor is passed indicating the shared memory
location to a consolc application compiled for and in active cxccution within the sccond
operating system. Notably, the information stored in the shared memory is un-rendered
surface information (e.g., geometric primitives) rather than rendered bits as in the method

2000 of FIG. 20.

[0168] Accordingly, at block 2124, the updated set of surfaces is rendered by the second
operating system (e.g., via the console application according to the file descriptor) from
the shared memory location to generate a second graphics frame that is substantially
identical to the first graphics frame. At block 2128, the second graphics frame is
displayed to a second application display of the first application on a second display of a
second computing environment via the console application of the second operating
system, such that the second application display is substantially identical to the first

application display.

[0169] It is worth noting that additional overhead may be involved in replicating the
rendering on both the first and second operating systems. However, this additional
overhead may be worthwhile in a number of circumstances. For example, where the

displays of the different computing environments have appreciably different
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characteristics, it may be desirable to render updated graphics information in separate

rendering contexts that are each suited for a respective one of the displays.

[0170] The methods of FIGS. 20 and 21 describe cross-environment mirroring of a
graphics context with active display of an application running in the first OS within the
mirrored graphics context. However, the methods may be used where no application is
actively displayed within the graphics context. For example, the graphics context may be
displaying a home screen or other feature (e.g., search screen, etc.) of the first OS. In
these instances, the surface information for the graphics context is updated by a
component of the first OS, and the other steps of the methods of FIGS. 20 and 21 may be

performed to provide the mirrored graphics context in the second application display.

[0171] Notably, cross-environment mirroring of a graphics context may be employed
concurrently with cross-environment rendering of an application. For example, a method
according to FIG. 20 or 21 may be used to mirror the active graphics context of the user
interaction space of the mobile device to a second user environment at the same time that
an application running on the first OS is displaycd within the sccond user cnvironment
using the techniques for cross-environment rendering of an application described above.
Referring to FIG. 8 for the sake of illustration, the user interaction space of the mobile OS
may be displayed within a first console window 882 while a mobile OS application is
displayed within a second console window 884 within the user interaction space of the

desktop OS on display 844.

[0172]Providing user interaction support for a mirrored graphics context may be
performed in substantially the same way as providing user interface support for a cross-
environment application illustrated in FIGS. 13, 14, 18, and/or 19. Specifically, input
events may be provided from a console application of the second OS to a virtual input
device. The first OS may accept input events from the virtual input device through an

extended or a non-extended input queue.

[0173] Cross-Environment Redirection Embodiments

[0174] The techniques described above provide cross-cnvironment user intcraction
support for applications and graphics contexts of a first operating system through a user

interaction space of a second operating system. To facilitate a transparent cross-
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