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ASSOCIATING NETWORK-HOSTED FILES
WITH NETWORK-HOSTED APPLICATIONS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to, and is a continuation of, U.S. Non-
provisional Patent Application No. 14/145,242, filed on December 31, 2013, entitled
“Associating Network-Hosted Files with Network-Hosted Applications” and claims
priority to, and is a continuation of, U.S. Non-provisional Patent Application No.
14/145,236, filed on December 31, 2013, entitled, “Remote Desktop Video Streaming

Alpha-Channel”, both of which are incorporated by reference herein in their entirety.

BACKGROUND

[0001] Despite the ubiquitousness of personal computing devices (e.g., smartphone,
laptop, tablet or notebook computer, etc.), users may still have to use or rely on
natively-operating applications running in a high power desktop or server
environment for certain computing needs (e.g., computer-aided design (CAD), image
processing, numerical simulations, etc.) that require processor-intensive or data-
intensive computing applications (e.g., computer-aided design applications, image
processing applications, numerical simulators, etc.).

[0002] A need exists for providing processor-intensive or data-intensive computing
capabilities to a personal computing device by exploiting, for example, cloud
computing arrangements or architectures involving network-based applications for
processing user data, documents or files.

[0003] In addition, a local personal computing device may concurrently run one or
more instances of programs or applications (e.g., natively-operating applications).
Thus, the local personal computing device may have multiple open program or
application windows displayed on its graphical user interface. The multiple open
program or application windows may be displayed in different geometrical
arrangements (e.g., a cascade arrangement - which puts windows in a single stack that
has been fanned out; a stacked arrangement - which puts windows in one or more
vertical stacks; or a side by side arrangement - which places each window open, but

not maximized, on display). When multiple windows are open on the graphical user
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interface of the computing device, a user may navigate to, activate or operate a
specific program or application window using navigational aids (e.g., tabs, taskbar
buttons, etc.).

[0004] Consideration is now being given to the display, on a personal computing
device, of an open program window of a cloud-based or network-based application

running in the cloud.

SUMMARY

[0005] This disclosure generally relates to cloud computing arrangements and
services.

[0006] In a general aspect, a method includes establishing a registry on a network.
The registry associates a filename extension with a network-hosted application, which
is configured to process a file having the associated filename extension. The method
further includes providing a cloud computing service to a personal computing device.
The cloud computing service uses the registry to select the network-hosted application
to process, on the network, a network-hosted file having the associated filename
extension. The network-hosted file is user-selected for processing via the personal
computing device.

[0007] In an aspect, establishing a registry includes listing, in the registry, a filename
extension of a network-hosted file stored in a user’s cloud storage service account.
[0008] In another aspect, establishing a registry includes associating, in the registry,
the filename extension with a group of network-hosted applications, each capable of
processing a file having the associated filename extension.

[0009] In an aspect, associating, in the registry, the filename extension with a group
of network-hosted applications, each capable of processing a file having the
associated filename extension, includes ranking the network-hosted applications in the
group based on criteria including one or more of user preference, popularity or market
share of the application, reputation or brand name of the application, version number
of the application, and error history of the application.

[0010] In an aspect, using the registry to select the network-hosted application
includes selecting the network-hosted application based on the ranking of the
network-hosted applications in the group.

[0011] In another aspect, using the registry to select a network-hosted application

includes presenting an application-selection dialog on the computing device, the
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application-selection dialog configured to receive a user’s selection of which
application of the network-hosted applications in the group associated with the
filename extension in the registry should be used to process the user-selected
network-hosted file.

[0012] In yet another aspect, using the registry to select the network-hosted
application to process, on the network, a network-hosted file having the associated
filename extension includes projecting a remote desktop on a user interface of the
personal computing device.

[0013] In a general aspect, a system includes a server including at least one
processor and at least one memory. The server is hosted on a network having a
communicative link to a personal computing device. The system further includes a
registry associating a filename extension with a network-hosted application, which is
configured to process a file having the associated filename extension. The server is
configured to provide a cloud computing service to the personal computing device.
The cloud computing service uses the registry to select the network-hosted application
to process, on the network, a network-hosted file having the associated filename
extension. The network-hosted file can be user-selected via the personal computing
device.

[0014] In a general aspect, a non-transitory computer-readable storage medium has
instructions stored thereon, which instructions when executed by one or more
microprocessors provide a registry on a network and provide a cloud computing
service to a personal computing device, which is communicatively linked to the
network. The registry associates a filename extension with a network-hosted
application, which is configured to process a file having the associated filename
extension. The cloud computing service uses the registry to select the network-hosted
application to process, on the network, a network-hosted file having the associated
filename extension. The network-hosted file can be user-selected via the personal

computing device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] FIG. 1 is a schematic illustration of an example “Filename Extension —
Applications” registry, which may be made available to a cloud computing service for
a local personal computing device.

[0016] FIG. 2 is a schematic block diagram illustration of an example system that
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may be used to implement a cloud computing service for a local personal computing
device.

[0017] FIG 3 is an illustration of an example method for providing cloud
computing capability to a personal computing device.

[0018] FIG 4 is a schematic block diagram illustration of an example computer
system that may be used to implement a cloud computing service for a personal
computing device.

[0019] FIGS. 5A and 5B are schematic representations of a video stream
transmitting an image of a server runtime/desktop from a cloud computing service to
a computing device.

[0020] FIGS. 6A - 6C are schematic illustrations of an example local desktop of a
client computing device and example cloud-hosted remote desktops overlaid on the
local desktop in different scenarios.

[0021] FIG. 7 is a flowchart illustration of an example method for integrating a
network-hosted application on a local desktop of a personal computing device.

[0022] FIG. 8 is a schematic illustration of a generic computer device and a
generic mobile computer device, which may be used with the techniques described
herein.

[0023] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

[0024] Despite the ubiquitousness of personal computing devices (e.g.,
smartphone, laptop, tablet or notebook computer, etc.), users may still have to use or
rely on natively-operating applications running in a high power desktop computer or
server environment for certain computing needs (e.g., computer-aided design, image
processing, numerical simulations, etc.) that require processor-intensive or data-
intensive computing applications (e.g., computer-aided-design, image processing
applications, numerical simulators, etc.).

[0025] Under a cloud computing paradigm, a personal computing device (e.g.,
smartphone, laptop, tablet or notebook computer) may be configured with computing
capabilities via a cloud-based or network-based service (hereinafter “cloud-computing
service”). Computing programs or applications (e.g., computer-aided-design
programs, image processing applications, numerical simulators, etc.) required for the

service may be hosted and executed on one or more remote servers that are located in
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the cloud. The data, documents or files processed or operated on by cloud-based or
network-based applications also may be stored in the cloud (e.g., in a user’s cloud
storage account with a public, private, or community cloud storage service).

[0026] A personal computing device may be configured or integrated with a cloud-
based or network-based computing service (hereinafter “cloud computing service™)
that allows the personal computing device to process network-based user data,
documents or files using a cloud-based or network-based application running in the
cloud. The cloud computing service may be configured to transmit a cloud-hosted or
remote desktop as a video stream to the personal computing device for display on a
graphical user interface (e.g., a local desktop) of the personal computing device. The
remote desktop may include an open application window object (hereinafter “cloud-
application” window) corresponding to the cloud-based or network-based application
instance executing in the cloud. A user of the local personal computing device may
initiate, monitor or interact with the instance of the cloud-based or network-based
application executing in the cloud via the displayed remote desktop/open cloud-
application window.

[0027] Consideration is now being given to the display, on a personal computing
device, of an open application window of a cloud-based or network-based application
running in the cloud. Attention is directed to making user experience of a cloud-based
or network-based application appear to be the same as that of using a natively-
operating application on the personal computing device.

[0028] 1In accordance with the principles of the present disclosure, the cloud
computing service may be configured to “video shape” images of the remote
desktop/open cloud-application window that are video streamed to and displayed on
the graphical user interface or local desktop of the personal computing device. Video
shaping of the images may involve modifying a transparency attribute of the images
in a desired spatial pattern or shape and may be accomplished by including a separate
transparency or alpha channel in the video stream to carry transparency or alpha
values for individual pixels in the images. Video shaping of the remote desktop/open
cloud-application window may allow integration of the cloud-hosted application on
the local desktop of the personal computing device. An example video-shaped remote
desktop/open cloud-application window may have an appearance and interactive use

properties or behaviors, which may be the same or similar to the appearance and the
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interactive use properties or behaviors of an open natively-operating application
window on the local desktop of the personal computing device. The interactive use
properties or behaviors may, for example, include responses to user-input actions (e.g.
keyboard entries, mouse clicks, drag and drop actions, etc.).

[0029] For convenience in description, the term “image” may be used
interchangeably herein to refer to image data or to a physical depiction (or rendering)
of an image, as may be appropriate in context. Further, for convenience in description,
the terms “cloud,” “cloud-based,” “network,” and “network-based” may be used
interchangeably herein. Data in whatever form (e.g., tables, textual data, numerical
data, web pages, image data, files, etc.) processed or consumed by an application may
be referred to herein as a “document” or “file.” Processing of data by an application
may be referred to herein as “opening a document” or “opening a file” by the
application.

[0030] It will be understood that the data, documents, or files that are the subject of
the present disclosure may include data, documents, or files of any of a variety of
format types (e.g., archive and compressed files, physical recordable media archiving
files, computer-aided design (CAD) files, electronic design automation (EDA) files,
test technology files, database files, desktop publishing files, formatted and plain text
documents, font files, geographic information system files, graphical information
organizer files, graphics files, color palettes, raster graphics files, vector graphics
files, 3D graphics files, mathematical files, scientific data (data exchange) files, etc.).

[0031] An example cloud computing service (which may also be referred to as a
cloud computing environment) may be configured to prepare images of a remote
desktop including an open cloud-application window object corresponding to an
instance of a network-hosted application executing on the network and to encode the
images of the remote desktop as image frames in a video stream. The cloud
computing service may be configured to shape the images in the video stream so that
a portion of the remote desktop, when displayed on the local desktop of the
computing device, is transparent. Objects or widgets (windows, taskbars, icons, etc.)
of the local desktop may not be hidden from view under the transparent portion of the
remote desktop, but may remain visible and user-accessible or operable via user-input
actions (e.g., keyboard entries, mouse clicks, etc.,) through the portion of the remote

desktop which is transparent.
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[0032] Cloud-based or network-based computing is a type of computing that relies
on sharing computing resources over the web or a network rather than relying on local
resources (e.g., local servers or personal devices) to handle applications. Different
services or resources (e.g., servers, storage, data and applications) can be delivered
over the web to a user, for example, via a web browser. A user may have one or more
accounts with cloud-based or network-based service providers to avail of the different
services or resources.

[0033] Generally, a web application (“web app”) is a program that is written in, for
example, HTMLS, JavaScript, and CSS, and is designed to be run entirely within a
web browser on a user’s computing device. Word processing applications and web
mail are examples of cloud-based or network-based web apps that are used or run
entirely within a web browser tab.

[0034] A web app that can run entirely within the web browser may, for example, be
hosted on the Internet or other network, available as an URL, and accessed by users
using a web browser. The web app’s components on the Internet may include, for
example, a portion of a web site that itself may include one or more web pages and
possibly some metadata that may be pertinent to a functionality of the web
application. A web app may be downloaded to the user’s computing device from a
public or private app store.

[0035] Furthermore, “native” or “natively-operating” apps are apps that are
developed to operate in their own application containers outside of a web browser on
the user’s computing device. A natively-operating app may interact with and take
advantage of operating system features and other software that may be typically
installed on user’s computing device but are not available to web apps. A natively-
operating app may be bundled in a package that can be downloaded (e.g., from a
public or private app store) for local installation and execution on the user’s
computing device.

[0036] Apps (either web apps or natively-operating apps) often require access to data
or resources (“files” or “documents”), which may be available in a user's cloud- or
network-based account, for certain app functionalities. For example, a financial or
accounting app may require access to user-owned financial data (e.g., bank balances,
mortgage payments, etc.) stored in the user's cloud- or network-based account (“user

account”).
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[0037] A personal computing device (e.g., smartphone, laptop, tablet or notebook
computer), which is intended for a user who spends most of his or her computer time
on the Web, may have an operating system designed to work primarily with web
applications. Such a personal computing device, which may be referred to as a “Web
thin client,” may only provide a web browser, and rely on web applications to provide
gencral-purpose computing functionality. The user interface of such a personal
computing device/Web thin client may take a minimalist approach and may consist
almost entirely of just the web browser. The only “native” applications on the
operating system may, for example, be the browser, a media player and a file manager.

[0038] In accordance with the principles of the present disclosure, a personal
computing device may be configured or integrated with a cloud computing
arrangement or architecture that allows the personal computing device to use of
network-based applications for processing network-based user data, documents or
files.

[0039] Cloud computing is a relatively new business model in the computing world
whose characteristics and properties are dynamically and rapidly evolving. According
to an example definition of cloud computing in a National Institute of Standards
(NIST) 2011publication, “cloud computing is a model for enabling ubiquitous,
convenient, on-demand network access to a shared pool of configurable computing
resources (e.g., networks, servers, storage, applications and services) that can be
rapidly provisioned and released with minimal management effort or service provider
interaction.” The NIST definition lists five essential characteristics of cloud
computing: on-demand self-service, broad network access, resource pooling, rapid
elasticity or expansion, and measured service. It also lists three "service models”
(software, platform and infrastructure), and four "deployment models" (private,
community, public and hybrid) that together categorize ways to deliver cloud services.
While the NIST definition may be intended to serve as a definition for broad
comparisons of cloud services and deployment strategics, and to provide a baseline
for discussion from what is cloud computing to how to best use cloud computing.

[0040] Under a cloud computing paradigm, a local personal computing device/Web
thin client (e.g., with relatively low computing power) may be provided with more
powerful or intensive computing processing capabilities via a cloud- or network-based

service, in accordance with the principles of the present disclosure. The computing
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applications (e.g., computer-aided design applications, image processing applications,
numerical simulators, etc.) required for the service may be hosted and run on one or
more remote servers that are located in the cloud. The data or documents processed or
operated on by such cloud- or network-based applications also may be stored in the
cloud (e.g., in a user’s cloud storage account with a public, private, or community
cloud storage service). The cloud- or network-based service may be configured to
display a remote desktop window or other user interface on the local personal
computing device/Web thin client through which a user can initiate, monitor or
interact with the processing of a document by a cloud- or network-based application.
For convenience in description the subject cloud- or network-based service may be
referred to hereinafter as the “cloud computing service.”

[0041] It will be understood that the data, documents, or files that are the subject of
the present disclosure may include data, documents, or files of any of a variety of
format types (e.g., archive and compressed files, physical recordable media archiving
files, computer-aided design (CAD) files, electronic design automation (EDA) files,
test technology files, database files, desktop publishing files, formatted and plain text
documents, font files, geographic information system files, graphical information
organizer files, graphics files, color palettes, raster graphics files, vector graphics
files, 3D graphics files, mathematical files, scientific data (data exchange) files, etc.).
Within each of the foregoing example format types, the data or files may be of any of
a further variety of format subtypes. For example, a raster data file that is the subject
of the present disclosure may be of a format subtype associated with a file name
extension such as “.bmp”, “.dds”, “.gif”, “.jpg”, “.png”, “.psd”, “.pspim”, “.tga”,
“tiff”, or “.yuv”.

[0042] 1t will be understood that the data, documents or files in a user’s cloud
storage account may have a format associated with any of a variety of filename
extensions. However, specific computing applications available in the cloud for
processing data, documents, or files may be coded or configured to handle or process
only data, documents, or files having correspondingly specific filename extensions.
For example, a CAD application “A” may be coded to process an CAD Drawing
Database document with a filename extension “.dwg”. Another CAD application “B”
may be coded to process a Drawing Exchange Format document with a filename

extension “.dxf”.
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[0043] Also, in accordance with the principles of the present disclosure, a “Filename
Extension — Applications” registry or table, which cross-references or associates
particular filename extensions with available applications that can handle or process
the files or documents having the particular filename extensions, may be made
available to the cloud computing service. The Filename Extension — Applications
registry (hereinafter “registry”’) may be coupled to a user’s cloud data storage account
and list the filename extensions and associated handling applications for the data,
documents, or files in the user’s cloud data storage account.

[0044] FIG. 1 schematically shows an example “Filename Extension — Applications”
registry 100 (hereinafter “registry 100”), which may be made available to the cloud
computing service. Registry 100, may, for example, include a list 101 of filename
extensions 101a-101c¢ (e.g., .dwg, .dxf, .xyz, etc.) of files or documents that can be
processed by the cloud computing service. Registry 100 may further include a list 102
of groups of handling applications 102a-102c that are available in the cloud to process
files or documents with filename extensions 101a-101c, respectively. Handling
applications 102a-102c may, for example, have declared in their respective manifests
which filename extensions they can handle or process. Each group of handling
applications associated with a filename extension may include one or more handling
applications. For example, group of handling applications 102a, which is associated
with filename extension 101a (.dxg), may include three applications (i.e. Application
Al, Application A2, and Application A3) available to process files or documents
having the filename extension .dxg.

[0045] In cases where there are more than one handling applications in a group of
handling applications (e.g., group 102a, or group 102c¢) in registry 100, the
applications may be rank ordered based on user preference or other comparative
evaluation schemes, which may be implemented, for example, by a cloud computing
service provider. Thus, for example, in group of handling applications 102¢ shown in
registry 100, Application X1 may be ranked higher than Application X2 for
processing or opening files or documents having a filename extension 101c (.xyz).

[0046] Evaluation schemes for ranking a handling application in a group of handling
applications associated with a filename extension in registry 100 may be based on
consideration of one or more criteria including, for example, technical performance of

the application, market performance of the application, user-specific characteristics,
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and compatibility of the application with features of the user’s computing device, etc.

[0047] An example evaluation scheme for assigning a rank to an application in a
group of handling applications associated with a filename extension in registry 100
may involve evaluation of technical performance (e.g., error history, speed, UL
characteristics, etc.) and market-related performance (e.g., market shares of the
applications, reputation of the application developers or vendors, price, etc.) of the
applications. Information on the technical performance and market-related
performance of the applications may be obtained from public or private sources (e.g.,
public or private web app stores, internet monitoring services, industry or trade
journals, market research or survey organizations, etc.). In an example
implementation, one or more web stores (or other entity) may supply technical
performance and market-related performance information for ranking the applications
based on, for example, application sales or subscription volumes and/or customer
surveys, etc. The cloud computing service provider may use the information supplied
by the one or more web stores to rank order a group of handling applications (e.g.,
group 102a, or group 102c¢) associated with a filename extension in registry 100.

[0048] In a further example evaluation scheme for assigning a rank to an application
in a group of handling applications associated with a filename extension, the rank
ordering of the handling applications in registry 100 may be customized for a user
according to user-specific characteristics. The user-specific characteristics may, for
example, include the user’s application usage patterns (which may be monitored by a
web store or by the cloud computing service provider) and/or explicit user instructions
or preferences for particular application brands or vendors (which may be received by
the cloud computing service provider during previous interactions with the user). The
cloud computing service provider may also infer user preference for particular
applications or application types by detecting installation of the particular or similar
applications on the user’s computing device.

[0049] In a further evaluation scheme for assigning a rank to an application in a
group of handling applications associated with a filename extension, the rank ordering
of applications in registry 100 may be customized for a user so that the applications
are prioritized according to compatibility with features of the user’s computing device
(e.g., I/O device type, screen size, etc.). A handling application which may be

incompatible with features of the user’s computing device may be assigned lower
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rank than a rank assigned to a handling application which is compatible with features.
For example, a handling application which configured for use with a high resolution
display may be assigned a low rank (or even excluded) when the user’s computing
device has only a low resolution display.

[0050] In response to a user selection of a file or document having a particular
filename extension for opening or processing, the cloud computing service may use
registry 100 to select an application from the group of handling applications
associated with the particular filename extension to open or process the file or
document.

[0051] In an implementation, the cloud computing service may automatically select
an application from the group of handling applications associated with the particular
filename extension in registry 100 to open or process the file or document, for
example, based on the rank the application in the group of handling applications. Thus
in the foregoing example of group of handling applications 102c, the cloud computing
service may select Application X1, which is ranked higher than Application X2, to
open or process a file or document having a filename extension .xyz.

[0052] In an alternate implementation, the cloud computing service may present an
application-selection dialog on a user interface of the local personal computing
device/Web thin client. The application-selection dialog may show some or all of the
applications in a group of handling applications (e.g., 102¢) in registry 100 that are
available to open or process a file or document selected by the user. The application-
selection dialog may allow the user to choose which application from the available
group of handling applications should be used by the cloud computing service to open
or process the file or document selected by the user. The user’s choice or selection of
may override any previous ranking of applications in the group of handling
applications (e.g., 102¢).

[0053] Registry 100 may be updated or refreshed when a new network-hosted
application become available or a previously available network-hosted application
becomes unavailable for processing or opening files or documents in the user’s cloud
storage account.

[0054] FIG. 2 is a schematic block diagram of an example system 200 that may be
used to implement the cloud computing service for a local personal computing device

202, in accordance with the principles of the present disclosure.
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[0055] In various implementations, system 200 may include one or more personal
computing devices 202 (such as desktop computers, notebook computers, netbook
computers, tablet computers, smart-phones, etc.) that are communicatively linked to
one or more physical or virtual servers (e.g., server 250, server 260, etc.) hosted on a
network 290.

[0056] A personal computing device 202 may include one or more processors (e.g.,
CPU 204), one or more memories 206, and an operating system (e.g., OS 208)
designed to work primarily with web apps. Such a personal computing device, which
may be referred to as a web thin client, may only provide a web browser 212, and rely
on web applications (downloaded, for example, from Web store 255 on server 250) to
provide general-purpose computing functionality. Computing device 202 may execute
a runtime 220 and various web applications (not shown), for example, in a tab of web
browser 212, which may be provided by OS 208.

[0057] As noted above, computing device 202 may be communicatively linked to
one or more servers (e.g., servers 250 and 260) on network 290. Server 250 and server
260 may each include one or more CPUs and memories (e.g., CPU 252/Memory 254,
and CPU 262 /Memory 264, respectively). Server 250 may also host or support a web
store 250, a public or private cloud data storage service 258, one ore more network-
hosted applications 259, and Filename — Applications registry 100. Cloud data storage
service 258 may store user data and documents in a cloud storage account of a user of
computing device 202. Registry 100, as discussed above with reference to FIG. 1, may
be coupled to cloud data storage service 258 and may include a list of individual
filename extensions of user data, files and documents in the user’s cloud storage
account with cloud data storage service 258. Registry 100 may further associate one
or more network-hosted applications 259 that are capable of handling or processing
the data, files and documents with the individual filename extensions listed in the
registry.

[0058] Further, server 260 may host or support a cloud computing service module
266. Cloud computing service module 266 may be configured to provide cloud
computing capability to computing device 202. Cloud computing service module 266
may be configured so that when a user of computing device 202 selects a network-
hosted file or document having a particular filename extension (e.g., network-hosted

file or document 270 or 470) from cloud data storage (e.g., cloud data storage service
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258) for opening or processing, cloud computing service module 266 selects an
appropriate network-hosted application (e.g., network-hosted application 271 or
network-hosted file 471) to open or process network-hosted file or document 270 on
server 260. Cloud computing service module 266 may refer to registry 100 to select
the appropriate network-hosted application (e.g., network-hosted application 271 or
471) as being capable of handling a network-hosted file or document having the
particular filename extension (e.g., network-hosted file or document 270).

[0059] For instances where a plurality of applications is associated in registry 100
with the particular file name extension of network-hosted file or document 270
selected by the user, cloud computing service module 266 may be configured to select
the appropriate network-hosted application (e.g., network-hosted application 271) by
selecting, for example, a highest ranked application of the plurality applications
associated in registry 100 with the particular file name extension. In some
implementations, cloud computing service module 266 may be configured to,
additionally or alternatively, present an application-selection dialog 232 on computing
device 200 to receive the user’s choice or selection of which application of the
plurality of applications associated with the particular file name extension in registry
100 should be used to open or process network-hosted file or document 270.

[0060] Cloud computing service module 266 may be configured to open or process
the user-selected file or document (e.g., network-hosted file or document 270) with
the selected network-hosted application (e.g., network-hosted application 271) on
server 260 in a server runtime 272. Cloud computing service module 266 may be
further configured to project at least a view of server runtime 272 as a remote desktop
222 on computing device 202. A user may be able to initiate, monitor, or interact with
the opening or processing of network-hosted file or document 270 by network-hosted
application 271 in server runtime 272 via remote desktop 222.

[0061] It will be understood that FIG. 2 shows a particular distribution or
arrangement of components (i.e. web store 250, public or private cloud data storage
service 258, one or more network-hosted applications 259, Filename — Applications
registry 100, cloud computing service module 266, etc.) hosted on two servers (e.g.,
servers 250 and 260) only for purposes of an example illustration of system 200.
Various other implementations of system 200 may have other distributions or

arrangements of the components, which may be hosted on one or more physical or
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virtual servers on network 290, and may involve less or more components than shown
in FIG. 2.

[0062] FIG. 3 shows an example method 300 for providing cloud computing
capability to a personal computing device (e.g., a laptop computer, a notebook
computer, a tablet computer, a smart-phone, etc.). The personal computing device may
be configured with an operating system and may be designed to work primarily with
web apps. Such a personal computing device, which may be referred to as a “Web thin
client,” may only provide a web browser, and rely on web applications to provide
general-purpose computing functionality. The cloud computing capability provided by
method 300 to the personal computing device may involve opening or processing
network-hosted files or documents with network-hosted applications.

[0063] A network-hosted application may be capable of opening or processing a file
or document having a particular filename extension. Method 300 may generally
involve establishing a “Filename Extension — Applications” registry in which a
filename extension of a file or document is associated with a respective network-
hosted application that is capable of opening or processing files or documents having
that filename extension (310). Method 300 may include listing, in the registry,
filename extensions of one or several network-hosted files or documents stored in a
user’s cloud storage service account (312). Further, method 300 may include
associating a group of one or more network-hosted applications capable of opening or
processing files or documents for each of the listed filename extensions (314). For
each group of one or more network-hosted applications, the method may involve
ranking the applications in the group based on criteria including, for example, one or
more of user preference, popularity of the application, reputation or brand name of the
application/developer, version number of the application, and error history of the
application, etc. (316).

[0064] Mcthod 300 may include configuring a cloud computing service to generate a
response to a user-selection, on a personal computing device, of a network-hosted file
or document having a particular filename extension for processing by using the
Filename Extension — Applications registry (320). The response may include selecting
a network-hosted application to open or process the user-selected network-hosted file
or document.

[0065] In some instances, a plurality of network-hosted applications may be
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associated in the Filename Extension — Applications registry with the particular
filename extension of the user-selected file or document. In such instances, using the
Filename Extension — Applications registry to select a network-hosted application to
open or process the user-selected network-hosted file or document 320 may include
selecting the network-hosted application to open or process the user-selected network-
hosted file or document based on a rank ordering of the plurality of network-hosted
applications associated with the particular filename extension of the user-selected file
or document in the registry (322). Alternatively or additionally, using the Filename
Extension — Applications registry to select a network-hosted application to open or
process the user-selected network-hosted file or document 320 may include presenting
an application-selection dialog on the computing device to receive the user’s choice or
selection of which application of the plurality of applications associated with the
particular file name extension in the registry should be used to open or process the
user-selected network-hosted file or document (324).

[0066] Mecthod 300 may further involve configuring the cloud computing service to
process the user-selected network-hosted file or document on the network (e.g., in a
server runtime) using the network-hosted application selected by using the registry
(330), and projecting at least a view of the server runtime as a remote desktop on a
user interface of the computing device (340). The remote desktop may allow the user,
to initiate, monitor or interact with the opening or processing of the user-selected
network-hosted file or document in the server runtime hosted on the network.

[0067] A computer system (e.g., system 200) may be deployed to practice method
300 in conjunction with a non-transitory computer-readable storage medium having
instructions stored thereon. The instructions when executed by one or more
microprocessors may cause the computer system to establish a Filename Extension —
Applications registry and make such registry available to a cloud computing service
for a personal computing device as described above with reference to FIGS. 1-3.

[0068] FIG. 4 is a schematic block diagram of another example system 400 that may
be used to implement the cloud computing services described above for a local
personal computing device 402, in accordance with the principles of the present
disclosure.

[0069] In various implementations, system 400 may include one or more personal

computing devices 402 (e.g., computing device 202) that are communicatively linked
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to one or more physical or virtual servers (e.g., server 450, server 460, etc.) hosted on
a network 490.

[0070] A personal computing device 402 may include one or more processors (e.g.,
CPU 404), one or more memories 406, a video encoder/decoder 425, and an operating
system (e.g., OS 408, OS 208). OS 408 may, for example, be an operating system,
which is designed to work primarily with web apps. Such a personal computing
device, which may be referred to as a web thin client, may only provide a web
browser 412, and rely on web applications (downloaded, for example, from Web store
455 on server 450) to provide general-purpose computing functionality. Computing
device 402 may execute a runtime 420 and various web applications (not shown), for
example, in a tab of web browser 412, which may be provided by OS 408. Computing
device 402 may be configured to use a video encoder/decoder (e.g., video codec 425)
to decode image frames of a video stream (e.g., received from server 460 over
network 490) and display the decoded images (e.g., remote desktop 472 including
open cloud-application window 473”) in its graphical user interface (e.g., web browser
412 or local desktop).

[0071] As noted above, computing device 402 may be communicatively linked to
one or more servers (e.g., servers 450 and 460) on network 490. Server 450 and server
460 may each include one or more CPUs and memories (e.g., CPU 452/Memory 454,
and CPU 462 /Memory 464, respectively). Server 450 may also host or support a web
store 455, a public or private cloud data storage service 458, and one ore more
network-hosted applications 459. Cloud data storage service 458 may store user data,
documents and files in a cloud storage account of a user of computing device 402.

[0072] Further, server 460 may host or support a cloud computing service module
466 and a video encoder/decoder (e.g., video codec 475) coupled thereto. Cloud
computing service module 466 may be configured to provide cloud computing
capability to computing device 402.

[0073] Cloud computing service module 466 (or cloud computing service 266) may
be configured so that when a user of computing device 402 selects, for example, a
network-hosted file or document (e.g., network-hosted file 470) from cloud data
storage (e.g., cloud data storage service 458) for opening or processing, cloud
computing service module 466 selects an appropriate network-hosted application

(e.g., network-hosted application 471 or 271) to open or process network-hosted file
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470 on server 460. Cloud computing service module 466 may select the appropriate
network-hosted application, for example, with reference to Filename — Applications
registry 100.

[0074] Cloud computing service module 466 may be configured to open or process
the user-selected file or document (e.g., network-hosted file or document 470 or 270)
with the selected network-hosted application (e.g., network-hosted application 471 or
271) on server 460, for example, in an open cloud-application window 473 in server
runtime/desktop 472. It will be understood that server 460 may not include an actual
physical display and desktop 472 may not be actually displayed on server 460.

[0075] Computing service module 466 may be further configured to use video codec
475 to compress or encode images of server runtime/desktop 472 (including open
cloud-application window 473) as image frames in a video stream (e.g., video stream
500, FIG. 5) to be transmitted over network 490 to project a remote desktop on
computing device 402. Computing device 402 may use video codec 425 to
decompress or decode the image frames in the video stream. Computing device 402
may display the decoded image frames, for example, as images of remote desktop
472’ (including open cloud-application window 473’) on its graphical user interface.
Computing device 402 may be configured so that a user may control processing of
network-hosted file 470 (or network-hosted file 270) by network-hosted application
471 in server runtime/desktop 472 via open cloud-application window 473’ in the
displayed remote desktop 472°. Keyboard entries, mouse clicks or other user-input
device actions in open cloud-application window 473’ may be used to control or
interact with the instance of network-hosted application 471 executing in the cloud.

[0076] Server runtime/desktop 472 images may have a standard size, for example,
720x480 pixels (for a standard definition display) or 4920x1080 pixels (for a high
definition display). The image frames in the video stream (e.g., video stream 200, FIG.
2) prepared by computing service module 466 (e.g., using video codec 475) may be
compressed to a smaller but fixed size (e.g., 640x480, 640x360, 480x270, 440x330,
400x300, 320x240, 320x180, 240x180 pixels, etc.) depending, for example, on a
choice of a data rate and a video resolution for the video stream. Each pixel of the
image frames in the video stream prepared by computing service module 466/video
codec 475 may, for example, include image components or channels associated with a

color model (e.g., RBG, YUYV, etc.) that may be adopted for server runtime/desktop
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472 images. A RBG image frame may, for example, have three color channels: red,
green, and blue, associated with a standard RGB model that is used in computer
graphics hardware. Further, for example, a YUV image frame may have a luminance
or brightness channel (Y) and two chrominance or color channels (U) and (V),
associated with a standard YUV model that is used in analog television systems.

[0077] In accordance with the principles of the disclosure herein, each pixel of the
image frames in the video stream prepared by computing service module 466/video
codec 475 may include a transparency or alpha channel in addition to the color
channels. Thus, for example, in a 32-bit system, cach pixel of the image frames may,
contain four channels -- three 8-bit channels for red, green, and blue (RGB) colors,
respectively, and one 8-bit alpha channel. The alpha channel may carry information
on the transparency or opacity of the pixel. An alpha value of zero may represents
fully transparent pixel, and a value of 255 may represent a fully opaque pixel.

[0078] FIGS. 5A and 5B show a schematic representation of a video stream 500
transmitting an image of server runtime/desktop 472 from cloud computing service
466 to computing device 402, in accordance with the principles of the disclosure
herein. As shown schematically in the figure, each image frame/pixel 501 in video
stream 500 may, for example, include an alpha channel 501d with transparency or
opacity information for the pixel in addition to red, green and blue color channels
501a-201c.

[0079] Computing service module 466 may be configured to “shape” video stream
500 by assigning different alpha values or setting different levels of transparency for
different portions of the image of server runtime/desktop 472. For example, in a first
scenario 510 shown in FIG. 5A, computing service module 466 may assign full
opacity (i.e. alpha = 555) to a background portion of server runtime/desktop 472
image surrounding or abutting open cloud-application window 473. In a second
scenario 520 shown in FIG. 5B, computing service module 466 may assign full
transparency (i.e. alpha = 0) to the background portion of server runtime/desktop 472
image surrounding open application window 473. FIGS. 5A and 5B show, for
example, renderings of the image of server runtime/desktop 472 on computing device
402 as remote desktop 472 in two scenarios 510 and 520, respectively. In scenario
510 shown in FIG. 5A, the opaque background portion of remote desktop 472° may

hide or obscure features a local desktop of computing device 402 on which remote
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desktop 472’ is displayed. In scenario 520 shown in FIG. 5B, the transparent
background portion of remote desktop 472 may reveal underlying features, objects or
widgets of the local desktop of computing device 402 on which remote desktop 472’
is displayed.

[0080] FIGS. 6A - 6C show examples of a local desktop of a client computing device
and examples of cloud-hosted remote desktops in different scenarios. In particular,
FIG. 6C (with reference to FIGS. 6A and 6B) pictorially exemplifies integration of a
network-hosted application (e.g., network-hosted application 471 or 271) on local
desktop 600 of the client computing device, in accordance with the principles of the
present invention. The network-hosted application may be integrated on local desktop
600 in a manner which, for example, can provide a user a same or similar experience
operating the network-hosted application as operating any natively-operating
application on local desktop 600 of the client computing device.

[0081] FIG. 6A schematically shows local desktop 600 having one or more open
application windows (e.g. windows 601-603), which may, for example, correspond to
instances of natively-operating applications running on the client computing device.
FIGS. 6B and 6C show example cloud-hosted remote desktops 610 and 620,
respectively, overlaid on local desktop 600. Remote desktops 610 and 620 may both
include an open cloud-hosted application window 630 corresponding to an instance of
the network-hosted application (e.g., network-hosted application 471 or 271) running
in the cloud. Images of remote desktops 610 and 620 may be transmitted to the client
computing device in a video stream prepared, for example, by cloud computing
service module 466 for display on local desktop 600.

[0082] In the example shown in FIG. 6B, only open cloud-hosted application
window 630 is visible on remote desktop 610 disposed on local desktop 600. All
portions of remote desktop 610 including open cloud-hosted application window 630
may be non-transparent or opaque (either because there is no alpha channel in the
video stream prepared by cloud computing service module 466 or the alpha channel is
set at non-transparent values). Opaque remote desktop 610 may hide or obscure
objects or widgets on local desktop 600. For example, windows 601-603
(corresponding to instances of natively-operating applications running on the client
computing device) seen in FIG. 6A are hidden and not visible through opaque remote

desktop 610 in FIG. 6B. Thus, in the remote desktop example shown in FIG. 6B, a
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user may not be able to see or interact with local desktop 600 including windows 601-
603 without closing or minimizing remote desktop 610, which includes open cloud-
hosted application window 630.

[0083] In the example shown in FIG. 6C, which exemplifies integration of the
network-hosted application on local desktop 600, open cloud-hosted application
window 630 may be the only visible object of remote desktop 620, which is overlaid
on local desktop 610. In contrast to remote desktop 610 (FIG. 6B), background
portions of remote desktop 620 surrounding or abutting open cloud-hosted application
window 630 may be transparent, for example, because of video shaping by cloud
computing service module 466. For video shaping remote desktop 620, cloud
computing service module 466 may, for example, have set alpha channel values for
the background portions to values (alpha =0) that render the background portions
transparent.

[0084] The background portions of remote desktop 620 may not only be transparent
visually but may also be transparent to user-input actions (e.g., keyboard entries,
mouse clicks, etc.) when remote desktop 620 is overlaid on local desktop 600. Objects
or widgets on local desktop 600 may remain visible and user-accessible or operable
via user-input actions (e.g., keyboard entries, mouse clicks, etc.) through the
transparent background portions of remote desktop 620. For example, windows 601-
603 (corresponding to instances of natively-operating applications running on the
client computing device) seen in FIG. 6A are at least partially visible in FIG. 6B
through the transparent background portions of remote desktop 620 surrounding or
abutting open cloud-application window 630. Open cloud-hosted application window
630 (corresponding to the network-hosted application being integrated on local
desktop 600) may have the same or similar appearance and interactive use properties
or behaviors on local desktop 600 as that of any other local application window (e.g.,
windows 601-302) on local desktop 600. A user’s experience of the network-hosted
application on local desktop 600 may be the same as that of any natively-operating
application because of the same or similar appearance and interactive use properties
or behaviors of the respective application windows. A user may, for example, manage
(e.g., sort, select, move, bring forward, send back, resize, or operate) the multiple
windows including open cloud-hosted application window 630 displayed on local

desktop 600 as if open cloud-hosted application window 630 were a local application
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window (e.g., windows 601-602).

[0085] The client computing device may include event handling algorithms or
software (e.g., mouse listeners) which can determine the relative and/or absolute
geometrical positions of input actions (e.g., mouse clicks) on the graphical user
interface (e.g., local desktop 600/remote desktop 630) of the client computing device.
The event handling algorithms or software may be configured so that input actions
(e.g., keyboard entries, point and click actions, drag and drop, etc.) in local
application windows (e.g., windows 601-603) are passed through to the corresponding
natively-operating applications and dealt with in runtime 420 by OS 408 of computing
device 402. In contrast, even though open cloud-hosted application window 630 may
have a look and appearance of a local application window (e.g., windows 601-603) on
local desktop 600, input actions (e.g., keyboard entries, point and click actions, drag
and drop, etc.) in open cloud-hosted application window 630 may be transmitted over
network 490 to the instance of the corresponding network-hosted application and
dealt with by a corresponding runtime/operating system in the cloud.

[0086] With renewed reference to FIG. 4, it will be understood that the figure shows
a particular distribution or arrangement of components (i.e. web store 455, public or
private cloud data storage service 458, one or more network-hosted applications 459,
cloud computing service module 466, etc.) hosted on two servers (e.g., servers 450
and 460) only for purposes of an example illustration of system 400. Various other
implementations of system 400 may have other distributions or arrangements of the
components, which may be hosted on one or more physical or virtual servers on
network 490, and may involve less or more components than shown in FIG. 4.

[0087] It will be noted that the foregoing describes solutions for integrating network-
hosted applications on a local desktop of a computing device using display examples
of singular instances of a network-hosted application (e.g., network hosted application
170), a remote desktop (e.g., remote desktop 320), and an open cloud-application
window (e.g., open cloud-application window 330) only for purposes of illustration
and convenience in description. However, it will be understood that the solutions for
integrating network-hosted applications on a local desktop of a computing device on
the local desktop of the computing device may involve simultaneous or concurrent
displays of multiple open cloud-application windows in one or more remote desktops

corresponding to multiple instances of one or more network-hosted applications, in
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accordance with the principles of the disclosure herein.

[0088] FIG. 7 shows an example method 700 for integrating network-hosted
applications on a local desktop of a personal computing device (e.g., a laptop
computer, a notebook computer, a tablet computer, a smart-phone, etc.). The personal
computing device may be configured with an operating system and may be designed
to work primarily with web apps. Such a personal computing device, which may be
referred to as a web thin client, may only provide a web browser, and rely on web
applications to provide general-purpose computing functionality. The personal
computing device may further have cloud computing capability, which involves
opening or processing network-hosted files with network-hosted applications. The
cloud computing capability may be provided to the personal computing device, for
example, by a cloud computing service module hosted on a network server connected
to the personal computing device.

[0089] Mecthod 700 may include preparing images of a remote desktop including
an open “cloud-application” window object corresponding to an instance of a
network-hosted application executing on the network (710). The images of the remote
desktop may have a rectangular shape and a standard size (e.g., about 720x480 pixels
for a standard definition display, or about1920x1080 pixels for a high definition
display). Method 700 may further include compressing or encoding the images of the
remote desktop as image frames in a video stream (720).

[0090] In method 700, encoding the images of the remote desktop as image frames
in a video stream 720, may include encoding the images in the video stream so that
each image pixel has at least one color channel and a separate transparency or alpha
channel (722). Method 700 may include video signal shaping of the images in the
video stream so that at least a portion of remote desktop when displayed on the local
desktop of the computing device is transparent (724). The video signal shaping may
be accomplished in method 700, for example, by assigning values (e.g., zero and non-
zero) to the pixel alpha channels in the images in a spatial pattern so that portion of
remote desktop when displayed on the local desktop of the computing device is
transparent and the open cloud-application window object has the same or similar
appearance as a window of a natively-operating application on the local desktop
(726).

[0091] Method 700 may further include transmitting the video stream (with the
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video-shaped images) over the network to the personal computing device (730) and
decompressing or decoding the image frames in the transmitted video stream to
reconstruct the images of the remote desktop and displaying the reconstructed images
of the remote desktop on the local desktop of the computing device (740). A portion
of the remote desktop displayed on the local desktop of the computing device may be
transparent as a result of the video shaping of the images in the video stream. Further,
displaying the reconstructed images of the remote desktop on the local desktop of the
computing device 740 may include displaying, on the local desktop, the open cloud-
application window object corresponding to the instance of the network-hosted
application executing on the network as an object having the same or similar
appearance and behavior as a window of a natively-operating application on the local
desktop (742) and displaying the remote desktop on the local desktop so that a portion
of the local desktop is visible and user-accessible or operable through the transparent
portion of remote desktop (746).

[0092] A computer system (e.g., system 100) may be deployed to practice method
700 in conjunction with a non-transitory computer-readable storage medium having
instructions stored thereon. The instructions when executed by one or more
microprocessors may cause the computer system to integrate a network-hosted
application on to a local desktop of personal computing device as described above or
below.

[0093] FIG. 8 shows an example of a generic computer device 800 and a generic
mobile computer device 850, which may be used with the techniques described here.
Computing device 800 is intended to represent various forms of digital computers,
such as laptops, desktops, workstations, personal digital assistants, servers, blade
servers, mainframes, and other appropriate computers. Computing device 850 is
intended to represent various forms of mobile devices, such as personal digital
assistants, cellular telephones, smart phones, and other similar computing devices.
The components shown here, their connections and relationships, and their functions,
are meant to be exemplary only, and are not meant to limit implementations of the
inventions described and/or claimed in this document.

[0094] Computing device 800 includes a processor 802, memory 804, a storage
device 806, a high-speed interface 808 connecting to memory 804 and high-speed

expansion ports 810, and a low speed interface 812 connecting to low speed bus 814
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and storage device 806. Each of the components 802, 804, 806, 808, 810, and 812, are
interconnected using various busses, and may be mounted on a common motherboard
or in other manners as appropriate. The processor 802 can process instructions for
execution within the computing device 800, including instructions stored in the
memory 804 or on the storage device 806 to display graphical information for a GUI
on an external input/output device, such as display 816 coupled to high speed
interface 808. In other implementations, multiple processors and/or multiple buses
may be used, as appropriate, along with multiple memories and types of memory.
Also, multiple computing devices 800 may be connected, with each device providing
portions of the necessary operations (e.g., as a server bank, a group of blade servers,
or a multi-processor system).

[0095] The memory 804 stores information within the computing device 800. In one
implementation, the memory 804 is a volatile memory unit or units. In another
implementation, the memory 804 is a non-volatile memory unit or units. The memory
804 may also be another form of computer-readable medium, such as a magnetic or
optical disk.

[0096] The storage device 806 is capable of providing mass storage for the
computing device 800. In one implementation, the storage device 806 may be or
contain a computer-readable medium, such as a floppy disk device, a hard disk
device, an optical disk device, or a tape device, a flash memory or other similar solid
state memory device, or an array of devices, including devices in a storage area
network or other configurations. A computer program product can be tangibly
embodied in an information carrier. The computer program product may also contain
instructions that, when executed, perform one or more methods, such as those
described above. The information carrier is a computer- or machine-readable medium,
such as the memory 804, the storage device 806, or memory on processor 802.

[0097] The high speed controller 808 manages bandwidth-intensive operations for
the computing device 800, while the low speed controller 812 manages lower
bandwidth-intensive operations. Such allocation of functions is exemplary only. In
one implementation, the high-speed controller 808 is coupled to memory 804, display
816 (e.g., through a graphics processor or accelerator), and to high-speed expansion
ports 810, which may accept various expansion cards (not shown). In the

implementation, low-speed controller 812 is coupled to storage device 806 and low-
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speed expansion port 814. The low-speed expansion port, which may include various
communication ports (e.g., USB, Bluetooth, Ethernet, wireless Ethernet) may be
coupled to one or more input/output devices, such as a keyboard, a pointing device, a
scanner, or a networking device such as a switch or router, e.g., through a network
adapter.

[0098] The computing device 800 may be implemented in a number of different
forms, as shown in the figure. For example, it may be implemented as a standard
server 820, or multiple times in a group of such servers. It may also be implemented
as part of a rack server system 824. In addition, it may be implemented in a personal
computer such as a laptop computer 822. Alternatively, components from computing
device 800 may be combined with other components in a mobile device (not shown),
such as device 850. Each of such devices may contain one or more of computing
device 800, 850, and an entire system may be made up of multiple computing devices
800, 850 communicating with each other.

[0099] Computing device 850 includes a processor 852, memory 864, and an
input/output device such as a display 854, a communication interface 866, and a
transceiver 868, among other components. The device 850 may also be provided with
a storage device, such as a microdrive or other device, to provide additional storage.
Each of the components 850, 852, 864, 854, 866, and 868, are interconnected using
various buses, and several of the components may be mounted on a common
motherboard or in other manners as appropriate.

[00100] The processor 852 can execute instructions within the computing device
850, including instructions stored in the memory 864. The processor may be
implemented as a chipset of chips that include separate and multiple analog and
digital processors. The processor may provide, for example, for coordination of the
other components of the device 850, such as control of user interfaces, applications
run by device 850, and wireless communication by device 850.

[00101] Processor 852 may communicate with a user through control interface 858
and display interface 856 coupled to a display 854. The display 854 may be, for
example, a TFT LCD (Thin-Film-Transistor Liquid Crystal Display) or an OLED
(Organic Light Emitting Diode) display, or other appropriate display technology. The
display interface 856 may comprise appropriate circuitry for driving the display 854

to present graphical and other information to a user. The control interface 858 may
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receive commands from a user and convert them for submission to the processor 852.
In addition, an external interface 862 may be provided in communication with
processor 852, so as to enable near arca communication of device 850 with other
devices. External interface 862 may provide, for example, for wired communication
in some implementations, or for wireless communication in other implementations,
and multiple interfaces may also be used.

[00102] The memory 864 stores information within the computing device 850. The
memory 864 can be implemented as one or more of a computer-readable medium or
media, a volatile memory unit or units, or a non-volatile memory unit or units.
Expansion memory 874 may also be provided and connected to device 850 through
expansion interface 872, which may include, for example, a SIMM (Single In Line
Memory Module) card interface. Such expansion memory 874 may provide extra
storage space for device 850, or may also store applications or other information for
device 850. Specifically, expansion memory 874 may include instructions to carry out
or supplement the processes described above, and may include secure information
also. Thus, for example, expansion memory 874 may be provided as a security
module for device 850, and may be programmed with instructions that permit secure
use of device 850. In addition, secure applications may be provided via the SIMM
cards, along with additional information, such as placing identifying information on
the SIMM card in a non-hackable manner.

[00103] The memory may include, for example, flash memory and/or NVRAM
memory, as discussed below. In one implementation, a computer program product is
tangibly embodied in an information carrier. The computer program product contains
instructions that, when executed, perform one or more methods, such as those
described above. The information carrier is a computer- or machine-readable medium,
such as the memory 864, expansion memory 874, or memory on processor 852 that
may be received, for example, over transceiver 868 or external interface 862.

[00104] Device 850 may communicate wirelessly through communication interface
866, which may include digital signal processing circuitry where necessary.
Communication interface 866 may provide for communications under various modes
or protocols, such as GSM voice calls, SMS, EMS, or MMS messaging, CDMA,
TDMA, PDC, WCDMA, CDMA2000, or GPRS, among others. Such communication

may occur, for example, through radio-frequency transceiver 868. In addition, short-
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range communication may occur, such as using a Bluetooth, Wi-Fi, or other such
transceiver (not shown). In addition, GPS (Global Positioning System) receiver
module 870 may provide additional navigation- and location-related wireless data to
device 850, which may be used as appropriate by applications running on device 850.

[00105] Device 850 may also communicate audibly using audio codec 860, which
may receive spoken information from a user and convert it to usable digital
information. Audio codec 860 may likewise generate audible sound for a user, such as
through a speaker, e.g., in a handset of device 850. Such sound may include sound
from voice telephone calls, may include recorded sound (e.g., voice messages, music
files, etc.) and may also include sound generated by applications operating on device
850.

[00106] The computing device 850 may be implemented in a number of different
forms, as shown in the figure. For example, it may be implemented as a cellular
telephone 880. It may also be implemented as part of a smart phone 882, personal
digital assistant, or other similar mobile device.

[00107] Various implementations of the systems and techniques described here can
be realized in digital electronic circuitry, integrated circuitry, specially designed
ASICs (application specific integrated circuits), computer hardware, firmware,
software, and/or combinations thereof. These various implementations can include
implementation in one or more computer programs that are executable and/or
interpretable on a programmable system including at least one programmable
processor, which may be special or general purpose, coupled to receive data and
instructions from, and to transmit data and instructions to, a storage system, at least
one input device, and at least one output device.

[00108] These computer programs (also known as programs, software, software
applications or code) include machine instructions for a programmable processor, and
can be implemented in a high-level procedural and/or object-oriented programming
language, and/or in assembly/machine language. As used herein, the terms “machine-

29 ¢C

readable medium” “computer-readable medium” refers to any computer program
product, apparatus and/or device (e.g., magnetic discs, optical disks, memory,
Programmable Logic Devices (PLDs)) used to provide machine instructions and/or
data to a programmable processor, including a machine-readable medium that

receives machine instructions as a machine-readable signal. The term “machine-
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readable signal” refers to any signal used to provide machine instructions and/or data
to a programmable processor.

[00109] To provide for interaction with a user, the systems and techniques described
here can be implemented on a computer having a display device (e.g., a CRT (cathode
ray tube) or LCD (liquid crystal display) monitor) for displaying information to the
user and a keyboard and a pointing device (e.g., a mouse or a trackball) by which the
user can provide input to the computer. Other kinds of devices can be used to provide
for interaction with a user as well; for example, feedback provided to the user can be
any form of sensory feedback (e.g., visual feedback, auditory feedback, or tactile
feedback); and input from the user can be received in any form, including acoustic,
speech, or tactile input.

[00110] The systems and techniques described here can be implemented in a
computing system that includes a back end component (e.g., as a data server), or that
includes a middleware component (e.g., an application server), or that includes a front
end component (e.g., a client computer having a graphical user interface or a Web
browser through which a user can interact with an implementation of the systems and
techniques described here), or any combination of such back end, middleware, or
front end components. The components of the system can be interconnected by any
form or medium of digital data communication (e.g., a communication network).
Examples of communication networks include a local area network (“LAN”), a wide
area network (“WAN”), and the Internet.

[00111] The computing system can include clients and servers. A client and server
are generally remote from each other and typically interact through a communication
network. The relationship of client and server arises by virtue of computer programs
running on the respective computers and having a client-server relationship to each
other.

[00112] A number of embodiments have been described. Nevertheless, it will be
understood that various modifications may be made without departing from the spirit
and scope of the disclosure herein.

[00113] In addition, the logic flows depicted in the figures do not require the
particular order shown, or sequential order, to achieve desirable results. In addition,
other steps may be provided, or steps may be eliminated, from the described flows,

and other components may be added to, or removed from, the described systems.
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Accordingly, other embodiments are within the scope of the following claims.

[00114] In one general aspect, a method can include receiving, on a computing
device, a video stream transmitted over a network. The video stream can include
images of a remote desktop including an open cloud-application window object
corresponding to an instance of a network-hosted application executing on the
network. The images of the remote desktop encoded as image frames in a video
stream. The method can include decoding the image frames in the video stream to
reconstruct the images of the remote desktop, and displaying the reconstructed images
of the remote desktop on a local desktop of the computing device so that at least a
portion of the local desktop is visible and user-accessible through a transparent
portion of the remote desktop. The displaying the reconstructed images of the remote
desktop can include displaying the open cloud-application window object
corresponding to the instance of the network-hosted application executing on the
network as an object on the local desktop having an appearance and behavior of an
open window corresponding to a natively-operating application on the local desktop
of the computing device.

[00115] The method can also include any combination of the following concepts.
For example, the images of the remote desktop can include images of the remote
desktop having a rectangular shape. The images of the remote desktop can be
encoded as image frames in the video stream include image frames shaped so that a
portion of the remote desktop when displayed on a local desktop of a computing
device is transparent. The images of the remote desktop can be encoded as image
frames in the video stream include images encoded so that each image pixel has at
least one color channel and a separate transparency channel. The images of the
remote desktop can be encoded as image frames in the video stream include images
encoded so that each image pixel has a red channel, a green channel, a blue channel,
and the separate transparency channel. The images of the remote desktop can be
encoded as image frames in the video stream include values assigned to the alpha
channels of the pixels in the images so that a portion of remote desktop when
displayed on the local desktop of the computing device is transparent. The images of
the remote desktop can be encoded as image frames in the video stream include
values assigned to the alpha channels of the pixels in the images so that the open

cloud-application window object has an appearance of a window of a natively-
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operating application on the local desktop. The method can include passing user-
input actions directed to an object on the portion of the local desktop that is visible
and user-accessible through the transparent portion of remote desktop to an operating
system of the computing device. The user-input actions can include one or more of
keyboard entries and mouse clicks.

[00116] In another general aspect, a system can include at least one server including
at least one processor, at least one memory, and at least one video encoder where the
server is hosted on a network having a communicative links for establishing a
connection to a computing device. The system can include a cloud computing service
module coupled to the at least one video encoder where the cloud computing service
module is configured to prepare images of a remote desktop including an open cloud-
application window object corresponding to an instance of a network-hosted
application executing on the network. The images of the remote desktop can have a
size conforming to a size of a local desktop of the computing device. The cloud
computing service module can be configured to encode the images of the remote
desktop as image frames in a video stream signal, and add a transparency channel to
the video stream signal where the transparency channel can carry values of a
transparency attribute of the images.

[00117] The system can also include any combination of the following concepts.
The images of the remote desktop can hae a size conforming to a size of a local
desktop of the computing device. The cloud computing service can be configured to
encode the images in the video stream so that each image pixel has at least one color
channel and a separate transparency channel. The cloud computing service can be
configured to assign values to the alpha channels of the pixels in the images of the
remote desktop so that the portion of remote desktop when displayed on the local
desktop of the computing device is transparent and the open cloud-application
window object has an appearance of a window of a natively-operating application on
the local desktop. The cloud computing service can be configured to shape the image
frames in the video stream so that the portion of the remote desktop when displayed
on the local desktop of the computing device is transparent such that a portion of the
local desktop is visible and user-accessible through the transparent portion of the
remote desktop. The portion of the remote desktop which is transparent is a

background portion abutting the open cloud-application window object on the remote
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desktop.

[00118] In yet another general aspect, a method can include preparing images of a
remote desktop including an open cloud-application window object corresponding to
an instance of a network-hosted application executing on a network, and encoding the
images of the remote desktop as image frames in a video stream. The method can
include transmitting the video stream over the network to a computing device where
the images the remote desktop can be encoded such that when the images are
decoded, reconstructed, and displayed on a local desktop of the computing device, the
open cloud-application window object corresponding to the instance of the network-
hosted application executing on the network has an appearance and behavior of an
open window corresponding to a natively-operating application on the local desktop.

[00119] The method can also include any combination of the following concepts.
Preparing images of a remote desktop includes preparing images of the remote
desktop having a rectangular shape and a size conforming to a size of the local
desktop of the computing device. The encoding images of the remote desktop as
image frames in a video stream includes video shaping the image frames in the video
stream so that a portion of the remote desktop when displayed on a local desktop of a
computing device is transparent such that a portion of the local desktop is visible and
user-operable or accessible through the transparent portion of the remote desktop.
The encoding images of the remote desktop as image frames in a video stream
includes encoding the images in the video stream so that each image pixel has at least
one color channel and a separate transparency channel. The encoding images of the
remote desktop as image frames in a video stream includes encoding the images in the
video stream so that cach image pixel has — a red color channel, a green color channel,
a blue color channel, and the separate transparency channel. The encoding images of
the remote desktop as image frames in a video stream includes assigning values to the
alpha channels of the pixels in the images so that a portion of remote desktop when
displayed on the local desktop of the computing device is transparent. The encoding
images of the remote desktop as image frames in a video stream includes assigning
values to the alpha channels of the pixels in the images so that the open cloud-
application window object has an appearance of a window of a natively-operating
application on the local desktop. The transparent portion of remote desktop is

configured to pass through user-input actions to operate or access an object on the

32



WO 2015/103249 PCT/US2014/072728

portion of the local desktop that is visible and user-operable or accessible through the

transparent portion of remote desktop.
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WHAT IS CLAIMED IS:

1. A method, comprising:
establishing a registry on a network, the registry associating a filename
extension with a network-hosted application, the network-hosted application
configured to process a file having the associated filename extension; and
providing a cloud computing service to a personal computing device,
the cloud computing service using the registry to select the network-hosted
application to process, on the network, a network-hosted file having the
associated filename extension, the network-hosted file being user-selected via

the personal computing device.

2. The method of claim 1, wherein establishing a registry includes listing, in the
registry, a filename extension of a network-hosted file stored in a user’s cloud

storage service account.

3. The method of claim 1 or 2, wherein establishing a registry includes
associating, in the registry, the filename extension with a group of network-
hosted applications, each capable of processing a file having the associated

filename extension.

4. The method of any of claims 1 through 3, wherein associating, in the registry,
the filename extension with a group of network-hosted applications, each
capable of processing a file having the associated filename extension, includes
ranking the network-hosted applications in the group based on criteria
including one or more of technical performance of the applications, market
performance of the applications, user-specific characteristics, and

compatibility of the applications with features of the user’s computing device.
5. The method of claim 4, further comprising using the registry to select the

network-hosted application includes selecting the network-hosted application

based on the ranking of the network-hosted applications in the group.
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6. The method of any of claims 3 through 5, further comprising using the registry
to select a network-hosted application includes presenting an application-
selection dialog on the computing device, the application-selection dialog
configured to receive a user’s selection of which application of the network-
hosted applications in the group associated with the filename extension in the

registry should be used to process the user-selected network-hosted file.

7. The method of any of claims 1 through 6, further comprising using the registry
to select the network-hosted application to process, on the network, a network-
hosted file having the associated filename extension includes projecting a

remote desktop on a user interface of the personal computing device.

8. A system, comprising

a server including at least one processor and at least one memory, the
server hosted on a network having a communicative link to a personal
computing device; and

a registry associating a filename extension with a network-hosted
application, the network-hosted application configured to process a file having
the associated filename extension,

the server configured to provide a cloud computing service to the
personal computing device, the cloud computing service using the registry to
select the network-hosted application to process, on the network, a network-
hosted file having the associated filename extension, the network-hosted file
being user-selected via the personal computing device,

wherein the registry includes a ranking of the network-hosted
applications in a group based on criteria including one or more of technical
performance of the applications, market performance of the applications, user-
specific characteristics, and compatibility of the applications with features of

the user’s computing device.
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10.

11.

12.

13.

The system of claim 8, wherein the registry includes a listing of a filename
extension of a network-hosted file stored in a user’s cloud storage service

account.

The system of claim 8 or 9, wherein the registry includes an association of the
filename extension with the group of network-hosted applications, each

capable of processing a file having the associated filename extension.

The system of any of claims 8 through 10, wherein the cloud computing
service is configured to select the network-hosted application to process the
network-hosted file having the associated filename extension based on the

ranking of the network-hosted applications in the group.

The system of any of claims 8 through 11, wherein the server is configured to
present an application-selection dialog on the personal computing device to
receive a user’s choice of which of network-hosted applications in the group
associated in the registry with the filename extension should be used to

process the network-hosted file.

The system of any of claims 8 through 12, wherein the server is configured to:

prepare images of a remote desktop including an open cloud-
application window object corresponding to an instance of a network-hosted
application executing on the network, the images of the remote desktop having
a size conforming to a size of a local desktop of the computing device;

encode the images of the remote desktop as image frames in a video
stream signal;

add a transparency channel to the video stream signal, the transparency
channel carrying values of a transparency attribute of the images; and

project the remote desktop on a user interface of the personal
computing device by transmitting the video stream signal to the personal

computing device
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14.

15.

16.

17.

18.

A non-transitory computer-readable storage medium having instructions
stored thercon, which instructions when executed by one or more
Microprocessors:

provide a registry on a network, the registry associating a filename
extension with a network-hosted application, the network-hosted application
configured to process a file having the associated filename extension; and

provide a cloud computing service to a personal computing device
communicatively linked to the network, the cloud computing service using the
registry to select the network-hosted application to process, on the network, a
network-hosted file having the associated filename extension, the network-

hosted file being user-selected via the personal computing device.

The non-transitory computer-readable storage medium of claim 14, wherein
the registry includes a filename extension of a network-hosted file stored in a

user’s cloud storage service account.

The non-transitory computer-readable storage medium of claim 14 or 15,
wherein the registry includes an association of the filename extension with a
group of network-hosted applications, each capable of processing a file having

the associated filename extension.

The non-transitory computer-readable storage medium of claim 16, wherein
the registry includes a ranking of the network-hosted applications in the group
based on criteria including at least one of technical performance of the
applications, market performance of the applications, user-specific
characteristics, and compatibility of the applications with features of the user’s

computing device. .

The non-transitory computer-readable storage medium of any of claims 16
through 17, wherein the cloud computing service is configured to select the
network-hosted application to process the user-selected network-hosted file

based on a rank ordering of the network-hosted applications in the group.
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19.

20.

21.

22.

The non-transitory computer-readable storage medium of any of claims 16
through 18, wherein the cloud computing service is configured to present an
application-selection dialog on the personal computing device to receive a
user’s choice of which one of the network-hosted applications in the group

should be used to process the user-selected network-hosted file.

The non-transitory computer-readable storage medium of any of claims 14
through 19, wherein the cloud computing service is configured to project a

remote desktop on a user interface of the personal computing device.

A method, comprising:

receiving, on a computing device, a video stream transmitted over a
network, the video stream including images of a remote desktop including an
open cloud-application window object corresponding to an instance of a
network-hosted application executing on the network, the images of the
remote desktop encoded as image frames in a video stream;

decoding the image frames in the video stream to reconstruct the
images of the remote desktop; and

displaying the reconstructed images of the remote desktop on a local
desktop of the computing device so that at least a portion of the local desktop
is visible and user-accessible through a transparent portion of the remote
desktop,

the displaying the reconstructed images of the remote desktop
including displaying the open cloud-application window object corresponding
to the instance of the network-hosted application executing on the network as
an object on the local desktop having an appearance and behavior of an open
window corresponding to a natively-operating application on the local desktop

of the computing device.

The method of claim 21, wherein the images of the remote desktop encoded as
image frames in the video stream include image frames shaped so that a
portion of the remote desktop when displayed on a local desktop of a

computing device is transparent.
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23.

24.

The method of claim 22, wherein the images of the remote desktop encoded as
image frames in the video stream include images encoded so that cach image

pixel has at least one color channel and a separate transparency channel.

The method of claim 23, wherein the images of the remote desktop encoded as
image frames in the video stream include images encoded so that cach image
pixel has a red channel, a green channel, a blue channel, and the separate

transparency channel.

39



WO 2015/103249 1 /8 PCT/US2014/072728

Filename Extension — Applications registry
100

e 101 — 102

Filename extension Handling Applications

101a 102a
.dwg - Application A1

Application A2
Application A3

/ 1010 / 102b
dxf . Application B

/ 101c / 102¢

Xyz > Application X1

Application X2

FIG. 1



202

—~

2/8

WO 2015/103249
200
Server 250
CPU Memory
o5 254
Registry Cloud data storage
100 service 258
Web Store Network-Hosted
255 applications 259

PCT/US2014/072728

Server 260

CPU Memory

N~

262 —~

264

272

Cloud Computing Service

266

A

Network-Hosted
Document 270

Network-Hosted

Application 271

/

232~ 5 web browser 21 2\ /
/ V4
Application- -————— == '/
Selection Dialog : 222 |
| Remote Desktop :
l |
l |
l |
L _ J
204—\ 206 ~ 208 ~ 220 D
CPU Memory o/s Runtime




WO 2015/103249 3/8 PCT/US2014/072728

310
Establishing a “Filename Extension — Applications” registry in which a flename extension
of a file or document is associated with a respective network-hosted application that is
capable of opening or processing documents having that filename extension

I 312 I
: Listing in the registry filename extensions of one or several network-hosted files or :
: documents stored in a user’s cloud storage service account :

fo 4 |
:Associating a group of one or more network-hosted applications capable of :
1 opening or processing files or documents for each of the listed filename extensions !

_———e—,ee e e ettt e, e, ———————

|
| 316 |
: For each group of one or more network-hosted applications, ranking the :
I'applications based on criteria including one or more of user preference, popularity :
|
|
|

: of the application, reputation or brand name of the application developer, version
I number of the application, and past error performance of the application, etc.

320
Configuring a cloud computing service to generate a response to a user-selection, on a
personal computing device. of a network-hosted document having a particular filename
extension for processing, the response including using the registry to select a network-
hosted application that is capable of processing files or documents having that particular
filename extension

I Selecting the network-hosted application to open or process the user-selected

| | network-hosted file or document based on a rank ordering of the plurality of

' network-hosted applications associated with the particular flename extension of
: the user-selected file or document in the registry

| | Presenting an application-selection dialog on the computing device to receive the
| user’s choice or selection of which application of the plurality of applications

| | associated with the particular file name extension in the registry should be used to
: open or process the user-selected network-hosted file or document

330
Configuring the cloud computing service to process the user-selected network-hosted file
or document on the network (e.g., in a server runtime) using the network-hosted
application selected by using the registry

340
Projecting at least a view of the server runtime as a remote desktop on a user interface of
the computing device

00
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710
Preparing images of a remote desktop including an open cloud-application window object
corresponding to an instance of the network-hosted application executing on the network

720
Encoding images of the remote desktop as image frames in a video stream
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l 122

|
: encoding the images in the video stream so that each image pixel has at least one color :
I channel and a separate transparency or alpha channel :

! 724
: Video signal shaping of the images in the video stream so that a portion of the remote
I desktop when displayed on a local desktop of a computing device is transparent

:Assigning values to the pixel alpha channels in the images in a spatial pattern so that the
| portion of remote desktop when displayed on the local desktop of the computing device is
: transparent and the open cloud-application window object has the same or similar

: appearance and behavior as a window of a natively-operating application on the local

| desktop

730
Transmitting the video stream (with the video shaped images) over the network to the computing
device

740
Decompressing or decoding the transmitted image frames in the video stream to reconstruct the
images of the remote desktop and displaying the reconstructed images of the remote desktop on a
local desktop of the computing device

I 742

: Displaying, on the local desktop, the open cloud-application window object corresponding
I to the instance of the network-hosted application executing on the network as an object

: having the same or similar appearance and behavior as a window of a natively-operating

I application on the local desktop )

I 746
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