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notes/comments, etc., may be displayed only on the control device, but not on the display device, as desired by the presenter/user.
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APPLICATION/DOCUMENRT COLLABORATION IN A MULTE-DEVICE
ENVIRONMENT

ACKGROUND

{00061]  With the advent of modern wired/wireless computing systems, the desire/need to
engage 1o collaborative mccting sessions has greatly intensified, In addition, owing to
great developments in computing devices/systems of a variety of shapes/sizes and
functionalities, users are no longer satisfied with using whitehoards, blackboards,
projection screens, and the like for conducting meetings or work sessions.
i8002] Conducting a collaborative session using a spreadsheet application and
associated document s often problematic owing to the complexity of spreadsheet
functionality. For example, a typical spreadshect application user utilizes the functionality
of the application for creating content, modifying conient {e.g. filtering, sorting,
calculating, summarizing, charting, tabling, and the like), presenting the content, sharing
the content, and the like. When a user is presenting spreadsheet application functionality
and associated content in a collaborative work session, the user may wish to present
spreadsheet application conteunt to other users without showing the other users the
underlying calculations, metadata, presenter notes, and the like, but fustead, the presenting
user may desire to fully control the content that is displayed to other users in the
collaborative work session from the presenting user’s device. Unfortunately, because
current spreadsheet application functionalitics do not allow for this type of collaborative
exchange between devices, use of spreadsheet applications and associated documents or
other content in a collaborative work session may be ipefficient, cumbersome, or
unsatistying. A way of communicating changes to a spreadshect between multiple devices
running a full or partial spreadsheet application and giving one of the devices control over
committing the changes to the spreadsheet would be an improvement providing a technical
advantage over the current state of the art because it would give multiple users the ability
to collaborative create and edit a spreadsheet application while retaining the integrity of
the spreadsheet document.
{6003] It is with respect to these and other considerations that the present invention has
been made,

SUMMARY
{0004] This summary 1s provided to mtroduce a sclection of concepts i a siraplified

form that are further described below in the detailed descrniption. This summary is not
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intended to identify key features or cssential features of the claimed subject matter, nor is
it intended as an aid 1 deterrmning the scope of the claimed subject watter,

{6005} Embodiments of the present invention solve the above and other problems by
providing application/document collaboration in a multi-device environment. According {o
embodiments, application functionality and associated documents or other content may be
enabled in a multi-device environment. An application and associated document or other
content, for example, a spreadsheet application and associated spreadsheet documents and
content may be displayed on one or more endpoint display devices. A presenter may
control the application/document from another device, for example, a smartphone, tablet-
style computer, laptop computer, desktop computer, and the like. User interactions on the
presenter control device may be reflected oun the display device, including, document
navigation, document editing, document entry, and the like.

{8066] Document conlent may be previewed on the control device before it 1s sent lo the
display device. Document metadata and/or presenter notes/comments, etc., may be
displayed only on the control device, but not on the display device, as desired by the
presenter/user. That is, the presenting user may interact with the software application
and/or content on his/her presenter control device, including modifving the data, reviewing
document metadata, presenter notes, and the hike without publishing such 1nformation to
the endpoint display device for review by other users. Alternatively, as desired, the
presenting user may send desired countent from the coutrol device to the display device.
{00071  According to embodiments, the control device may operate as a full
application/device editor, and the endpomt device may be readily switched such that
another device, including smali-form user devices of other users may become the endpoint
display device for the collaborative session. That is, in a collaborative work session, any
computing device may be designated as the presenter control device or as the endpoint
display device, as desired by participants in the collaborative work session.

{0008] The details of one or more embodiments are set forth in the accompanying
drawings and description below. Other features and advantages will be apparent from a
reading of the following detailed description and a review of the associated drawings. It is
to be understood that the following detailed description is explanatory only and is not
restrictive of the invention as claime

BRIEY DESCRIPTION OF THE DRAWINGS

{0009] Fig. 1 tllustrates a system architecture in which embodiments of the present

invention may be practiced.

[S)
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{8018} Fig. 2 iliustrates an cxample spreadsheet application and associated content
being displayed on a presenter control device and on an endpoint display device and
showing user interaction with the presenter device and reflected interactions on the dispiay
device.

{8011} Figs. 3 and 4 illustrate the sending of content displayed and/or modified on a
presenter device to an endpoint display device.

{6012] Fig. 5 illostrates the presentation of document metadata, presentation notes,
comments, and the like on a presenter device, without publishing such information to a
display device.

{8013} Fig. 6 1s a flowchart of a method for providing application/document
collaboration 1o a multi-device suvironment.

{6014} Fig. 7 is a block diagram illustrating example physical components of a
computing device with which embodiments of the wvention may be practiced.

{0015]  Figs. 8A and 8B are simplified block diagrams of a mobile computing device
with which embodiments of the present invention may be practiced.

{6316]  Fig. 913 a simplified block diagram of a distributed computing system in which
embodiments of the present mvention may be practiced.

DETAILED DESCRIPTION

{8017} The following detailed description refers to the accompanying drawings.
Wherever possible, the same reference numbers are used in the drawings and the
following description to refer to the same or similar elements. While embodiments of the
invention may be described, modifications, adaptations, and other implemeniations are
possible. For example, substitutions, additions, or modifications may be made to the
elements ilustrated in the drawings, and the methods described may be modified by
substititing, reordering, or adding stages to the disclosed methods. Accordingly, the
following detailed description does not limztt the invention bui, instead, the proper scope of
the invention is defined by the appended claims.

{0018] As briefly described above, embodiments of the present invention are directed to
application/document collaboration n a multi-device environment. In a multi-device
environment, an application and associated document, for example, a spreadsheet
application and associated spreadsheet documents and other content, may be controlied by
a control device, for example, a smariphone, tablet-style computer, laptop computer,
desktop computer, and the hike, and application documents and/or other content may be

presented to one or more endpoint display devices in a collaborative working session.

(2
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BEach endpoint display device likewise may take the form of any suitable computing
device, as described above for the control device. According to embodirnents, computing
devices operating in the collaborative work session may be interchanged as presenter
control devices and as endpoint display devices as desired such that any user 1o the
collaborative work session may be operating and/or reviewing a display device, or may
become the presenter wherein his/her computing device may be designated as the control
device, as desired by the participants in the collaborative work session.

16019] A presenting user may conirol application functionality and associated
documents and/or content from a controlling device, and the documents and/or other
content may be presented at one or more endpoint display devices. According to
embodiments, the user may perform vavigation and other application functioualitics ou the
presenter control device, and the results of those actions and/or functionalities will be
reflected 1o the documents and other conteunt displayed oun the oue or wore endpoint
display devices. Alternatively, the preseunting user may review document metadata,
presenter notes, and perform onc or more application functionalitics on the presenter
control device followed by publishing only those portions of a document or other content
to the endpoint display devices as desired by the presenting user.

{00201 Fig. 1 illustrates a system archilecture in which embodiments of the present
invention may be practiced. In Fig. 1, a variety of computing devices are illustrated that
may serve as both presenter control devices (also referred to as preseutation control
devices) and as endpoint display devices in a collaborative work session. For example, a
small-form smartphone or other handheld computing device 110 is llustrated having a
display surface 111 and being associated with a software application 115, A larger form
tablet-style computing device 105 having a display surface 106 and an associated software
application 115 ts iHustrated. A large display device 120 having a display surface 121 is
ithustrated being associated with a computer 125 and a software application 113,

{8021} As should be appreciated, the computing devices 105, 110, 128, 125 are
purposes of illustration only and arc not exhaustive of the various types of computing
devices that may be used in accordance with embodiments of the present wnvention, For
example, while the display device 120 is illustrated as a display unit with an associated
computing device 125, the large-form display device 120 may operate as an infegrated
display/computing device that may be used for any suitable use from large-scale display
uses, for example, in a conference room, to personal computing, as desired. According to

embodiments, cach of the computing devices illustrated in Fig. 1 may receive input
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through a varicty of suitable means including touch or gesture input, keyboard input,
mouse inputl, voice command input, electronic wking mput, and the hike.

{6022] Referring still to Fig. 1, the software applications 115 illustrated in association
with cach of the coraputing devices 105, 110, 120, 125 are dlustrative of any of a variety
of software applications that may be utilized in a collaborative work session according to
embodiments of the present mvention, for example, spreadsheet applications, word
processing applications, shide presentation applications, electronic mail applications,
calendaring applications, tasks applications, notes applications, desktop publishing
applications, and the like. That is, any software application that may be operated on any of
the computing devices 105, 116, 120, 125 may be operated in a manner that allows for
functionality and/or documents or other content enabled by the applications 115 to be used
in a collaborative work session between cach of the different computing devices, as
described herein. According to emboduments, each device 105, 110, 125 may share a
single session of a given application 115 (via local client applications, via a server
application, or via a cloud-based web services application), or cach of the devices may run
separate sessions locally and communicate commands and changes to each other as
required.

{00231  Each of the computing devices 105, 116, 120, 125 may operate 1o a collaborative
work environment through one or more wired or wireless data connections 145, 150, 155,
That is, each of the computing devices may communicate with cach other through wired or
wireless data lines via direct connection, or via conncction through a distributed
computing network 130 such as an Internet or intranet.

{0024] According to embodiments, application functionality associated with each of the
computing devices 105, 110, 120, 125 may operate according to one or more variations.
For example, cach application 115 may be a fully functional “thick™ client application
having all application functionality including the ability to send and receive data to and
from other applications 115 operating on other computing devices in the collaborative
work session. Fach such application not only has its native functionality, for example,
spreadsheet functiopality, word processing functionality, shde presentation functionality,
and the like, but according to embodiments of the present invention, each such application
also contains safficicut computer executable 1ustructions for allowing each application to
operate as a control application for controlling information sent from a control device for
receipt by an ondpoint display device. Likewise, cach such application has sufficient

computer executable nstructions for allowing the application to operate as an endpoint
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display device for receiving control functions from another computing device, as
described below. For example, if the smariphone device 110 is operating as a presenter
control device in a collaborative work session, then the application 115 is operative o
allow a presenting user to send all or desived portions of a document or other conteut
displayed on the presenter control device 110 to a receiving endpoint device 120, as
described below.,

{0025]  According to another erubodiment, the applications 115 associated with one or
more of the computing devices may be “thin” client applications that contain only those
functionalities required for allowing the associated device to receive content and
instructions from a presenter control device maintaining a “thick” client application, as
described above. That 1s, any of the devices 105, 110, 120 operating as an endpownt display
device need not run a full implementation of a given software application 115 {(e.g
spreadsheet application). Such an endpoint display device may only wveed to run an
instance of the application 115 having sufficient computer executable instructions for
conmmunicating with other devices both as a presenter control device and as an endpoint
display device. For example, in the case of a presenter control device, such an application
need only have those computer executable instructions for allowing the device to send
application commands, receive and read metadata about the application being controlled,
and the like. In such a situation, a full implementation of the associated application 1135
may be operated at the endpoint display device, and the application 115 operated at the
presenter control device may have a significantly less functionality such that the device
operates as a “remole coutrol” for juteracting with the full moplementation of the
application operating at the endpoint display device. Alternatively, the opposite setup may
be utilized where a full implementation of the software application 115 may be operated at
the presenter control device, and a lesser or “thinner” client application 115 may be
operated at the endpoint display device that is only operative for receiving commands
form the control device and for displaying functionality and content accordingly. Thus, the
applications 115 associated with cach device may allow for full application content entry
and editing as well as collaborative work session control, or each device may be equipped
with or associated with an application 115 that allows for less exhaustive uses as a “remote
control” device, or as a “display only” device, as described herein. In sore emsbodimeuts,
the endpoint display device and the presenter control device are both “thin” clients with
the full implementation of the software application 115 running on a server or as a cloud-

based web application.
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i002¢6] According to yet another embodiment, a collaborative work session, described
herein, may operate via a service with which each of the computing devices 105, 110, 120,
125 may conumunicate via a distributed computing network 130, for example, the Internet.
Referring still to Fig. 1, the computing device 135 15 llustrative of an Internet-based or
“cloud-based” server computer on which may be operated one or more web services
applications 140 for providing the collsborative work session, as described herein.
According to this embodiment, cach of the devices 105, 110, 120, 125 may operate as thin
client systems, and collaborative communication between the devices may be operated at
the direction of the web services application 140 operated at a remote site. When a given
computing device 105, 110, 120, 125 is operating as a presenter control device, such
device will communicate desired functionality, instructions and content requirements o
the web services application 140 via a distributed computing network 130, and resulting
processing nstructions will be passed from the web services appheation 140 through the
distributed computing network to receiving endpoint devices.

{0027} Thus, according to this ernbodiment, it a presenting user of the smartphone
device 110 desires to send certain content modifications for display on one or more
endpoint display devices 105, 120, then mstructions, navigation, content edits, and the hke
cutered by the presenting user on the smartphone 110 will be passed to the remote
server/computing system 135 for processing in accordance with instructions available
from the web services application 140, Resulting mformation may then be passed froro the
web services application 140 through the distributed computing network to the desired
cudpoint devices 105, 120 for display, as desired by the presenting user. In such a web-
based on cloud-based collaborative work session, each of the computing devices 105, 110,
120 may send and receive application functionality and/or content between cach of the
devices in the collaborative work session via an Internet browser application operated at
cach device through which application functionahlity and/or countent may be provided via
the web services application 140.

{0028] As should be appreciated, in any collaborative session, cach of the devicesiQs,
110, 120 way act as presenter control devices and/or as endpoint display devices.
Moreover, in a given session an application user interface operated on a designated
presenter conirol device way include a full wmplementation of the application user
interface, but the user interfaces displaved on the various endpoint devices may include
only a subset of the functionality as available oun the presenter control device. That 1s, an

instance of an application user interface {e.g., spreadsheet application user interface)
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displayed on an endpoint display device may inchude a subset of functionalities available
on an instance of the application user wnterface displayed oun the presenter conirol device.
When another device “takes over” as the presenter control device, then that device may
then be set up with the full imaplementation of the application user mterface,

{8029} Fig. 2 illustrates an cxample spreadsheet application and associated content
being displayved on a presenter control device and on an endpoint display device and
ithustrates user interaction with the presenter device and reflected interactions on the
display device. As illustrated 1w Fig. 2, application functionality displayed in differcunt
form factor devices may be modified according to the shapes and sizes of the devices. In
Fig. 2, a small-form smartphone 110 is illustrated as a presenter control device in a
collaborative work session. For the smartphone device 110, the small-form display space
allows for a truncated amount of display space as compared to the larger display space of
the large-form display device 120. As illustrated on the smartphone 110, a small number
of functionality buttons/controls 210 are provided owing to the small-form nature of the
smariphone 110, In the illustrated large-form display device 120, a greater number of
application functionality buttons/controls 220 are illustrated.

{0030} According to embodiments, when a collaborative work session s i progress
between two such devices, the user of the small-form device 110 may find appropriate
functionality and make appropriate content modifications in accordance with the
application 115 associated with the presenter coutrol device, and the results may be
presented to and displayed in association with the endpoint display device according to the
application 115 associated with that device. For exaraple, a column of data 225 voay not fit
on the avatlable display space of the small-form smartphone device 118, requiring the user
to scroll through the data as the user presents and/or manipulates the data. On the other
hand, on the large~-form display device 128, the entire column of data may be displayed
without the requirement for scrolling the data on the large-torm device.

{80311  While the user of the small-form device 110 may be required to scroll the display
in order to view and utilize the displayed data, the data displayed in the endpoint display
device 120 may vot need to scroll, so that those users viewing the data oun the endpoint
display device will not experience a scrolling of data as is required on the smali-form
smartphone device. As should be appreciated, if the preseuter countrol user is using the
large~form display unit 120 as a presenter control device, then the opposite situation may
exist where that data presented from the large-form display device 120 to the small-form

smartphone device 110 may require the recipient at the endpoint display device
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{smartphone) [ 10 to scroll the displayed information on the small-form device in order to
review all the presented information. Thus, while the devices are functionally associated
with each other as presenter/control and endpoint display devices, cach device can operate
separately i terms of its form factor and display size,

{8032} Referring still to Fig. 2, according to an alternative embodiment, all navigation
functions applied by a presenter control user may be automatically retlected in the
endpoint display device 120, As llustrated in Fig. 2, if the user touches the display screen
of the smartphone 110 to scroll the data down for reviewing data not in display on the
presenter control deviee 110, a resulting scrolling of data on the endpoint display device
120 may be automatically accomplished. Likewise, selection of a particular button or
control in the application user interface of the presenter control device may be realized in
the application user interface associated with the endpoint display device. For example,
the selection of a particular button i the user mterface displayed oun the presenter/coutrol
device may be seen as a selection of the corresponding button in the user interface
displayed on the endpoint display device.

{3033]  According to embodiments, such corresponding navigation and functionality
selection may be accomplished by duplicating the application display trom the presenter
control device 110 to the endpoint display device 120, such that the user miterface and
associated content displaved on the endpoint display device 120 is a duplicate of the
display being uiihzed by the presenter on the presenter control device 110, Alternatively,
such collaborative communication may be accomplished by capturing the user interactions
performed at the presenter control device 110 and transiating those captured interactions
into corresponding actions that are then sent to the endpoint display device for use by the
application 115 associated with the endpoint display device. For cxample, if & presenting
user touches the display screen of the presenter control device 110, as illustrated in Fig. 2,
followed by a downward swiping motion for navigating through the displayed content, the
user’s touch and swipe may be captured by the presenter control device, and may be
translated into corresponding commands {¢.g., a page down command or scroll down
command) that may be sent to the application 115 associated with the endpoint display
device 120 so that corresponding display movements, functionality selections, and the like
may be operated on the endpoint display device 120, As should be appreciated, the
interaction translation may occur at the client-side at each device 110, 120, or the

translation and routing of such commands may operate at a remote cloud-based server 135
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that in turn routes appropriate commands to endpoint display devices, as described above
with reference to Fig. 1.

{0034] According to one embodiment, in a server-based implementation, a mode switch
may be utilized for conpected client devices to recetve and display commands not
commonly shared in a session, for example navigation, cell selection, and the like. That 1s,
in a scrver-based implementation, the appropriate application functionality operating at the
server location may appropriately receive commands from any of the devices operating in
the collaborative work session followed by a translation of those commands to appropriate
commands reguired by receitving endpoint display devices so that the appropriate
commands may be sent to cach device for causing the appropriate functionality and
display changes to be made at cach device.

{0035] Referring still to Fig, 2, according to embodiments of the present invention, a
presenter control device 110 may be used for applying interactive operations according to
the functionalitics of the associated software application 115 such that the results of those
functionalitics arc applicd to the displayed user interface and associated documents or
other content displayed at the endpoint display device 120. As illustrated in Fig. 2, if the
user of the smartphone 110 applies a functionality, for example, a spreadsheet application
filter, sort, daill, collapse/expand, data entry, and the like, 1o the data dlusirated on the
display surface of the smartphone 110, the results of those application functionalitics may
be displayed on the display surface of the endpoint display device 120. As described
below, according to onc embodiment, each of the user’s interactions, and cach of the
associated functionality applications may be displayed at the endpoint display device such
that those users viewing the endpoint display device may see the presenting user’s
interactions and data manipulations. Alernatively, as will be described below, the
presenting user may perform various functions on the presenter control device 118, and
the presenting user may only publish the results of those interactions to the endpoint
display device 120,

{8036} If the presenter control device 110 and the endpoint display device 120 are
running the same application session {¢.g. same spreadsheet session) as 1 common i
many server-based implementations, then the presenter control device 110 will only need
to send navigation and data wanipulation commands to the server-based application
functionality, and the server-based application will correspond the appropriate commands
to all connected client devices in the collaborative work session. Alternatively, if each of

the applications are running locally as client-side applications, then all functionality

10
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commands and display changes may be sent to cach endpoint display device, or only
display changes (in the form of records revisions) may be sent io cach receiving device,
{6037} Fig. 3 illustrates the sending of content displayed and/or modified on a presenter
device to an endpoint display device. A tablet-style computing device 105 is illustrated as
a presenter control device in a collaborative work session for communicating with an
endpoint display device 120, As illustrated m the device 105, document content 320 and
330 15 displayed in the presenter control device 105, but is not displayed in the display
space of the endpoint display deviee 120, According to embodiments, a presenter may
utilize the presenter control device 105 for performing application functionalities and data
changes that subsequently will be published to an endpoint display device 120 on the
command of the presenter/user so that those users viewing the preseutation at the endpoint
display device 120 do not sce the data being entered, manipulated, reviewed or otherwise
utilized at the presenter control device 105 until the preseuter is veady to publish that
information to the endpoint display device 120.

10038] As illustrated 1o Fig. 3, a scssion control button 310 is provided and a send
button 315 1s provided. According to embodiments, the presenter/user may select the
sessiont control bution 310 to allow the user to navigate application functionality and
countent on the presenter control device 1035 before publishing the results of the navigation
and application functionality to the endpoint display device 128, As should be appreciated,
the session control button 310 and the send button 315 are for purposes of illustration only
and such functionalitics may be operated and displayed in a variety of other manners
according to different software applications 115,

{8039} According to this embodiment, the presenter/user may get a preview of content
that ruay be published to the display device 120 betore the content is actually published.
For example, a given presenter may have many pages of data, charts, tables and the like
displayed on the presenter control device 103, but only a portion of that content may be
suitable for display on the endpoint display device owing to content relevance, content
detail, content security or the like. Thus, as described below, while all content displayed
on the presenter control device may be automatically published to the endpoiut display
device, according to this embodiment, the presenter/user may preview those ttems that will
be next displayed on the cudpoimt display device, and the presenter/user may ultimately
decide which items to send to the endpoint display. A preview/next function may be

provided by the application 115 that allows the presenter user to selectively see an actual
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preview of one or more data items on the presenter control device before the presenter user
selectively sends the content to the one or more endpoint devices.

{60408} Referring now to Fig. 4, when the user selects the send button 315, or other
appropriate application functionality, then the results of the user’s navigation and
application utilization at the presenter control device 105 are published to the endpoint
display device 120 so that those users viewing the mformation on the endpoint display
device 120 may now see the information desired by the presenter in the collaborative work
session. As should be appreciated, the presenter may send all information displayed on the
control device 105 to the endpoint display device 120, or the presenter may selectively
send one or more content items to the endpoint display device 120. For example, referring
o Figa. 3 and 4, if desired, the presenier may send both the chart data 320 and the chart
330 to the endpoint display device 120, or the user may decide to send only the chart 330
to the endpoint display device 120 without sending the underlying chart data 320,

{8041} As should be appreciated, this functionality allows a presenter/user to operate in
or in association with a locally running application or privaie collaboration mode 1 &
shared sesston via a cloud-based service, followed by only sending those changes or
revision records to the endpoint display device 120 as desired by the presenter/user. And,
as described above, such an operation may apply to a single change, for example,
presenter/user makes a change, sees the result and clicks or selects to send the change, or
the user may send entire sets of changes wherein the applications 115 operating at the
receiving cndpoeint display devices may receive those changes, apply them in order and
display them accordingly.

{0042] Fig. S illustrates the presentation of document metadata, presentation notes,
comments, and the like on a presenter device, without publishing such information to a
display device. According to one embodiment metadata associated with a given
application document or other content may be exposed to a presenter/user at the presenter
control device 105 without displaying the metadata in a corresponding display at the
endpoint display device 120. For example, metadata such as formula definitions, external
data, coraments, values on cells or other document structures, and the like may be exposed
to the presenter/user but not to other users at the endpoint display device 120, Referring to
Fig. 5, a formoula 510 15 exposed as a metadata item to the result of a sales calculation, but
the formula 510 18 not exposed to users viewing the data at the endpoint display device
120, Thus, the presenter/user may, if desired, review various metadata items, as described

above, for assisting the presenter/user in presenting the data to others without making the
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display of the resulting data at the endpoint display device 120 cumbersome to recipients.
According to one embodivaent, this may be accomplished by the software appheation 115
operating in association with the presenter control device or at the cloud-based web
services application 140 wherein those data items designated as metadata items are
displayed only at the local presenter control device 120 and all other display ttems are
transmitted to the endpoint device 120 for display thereon.

{0043} Referring still to Fig. 5, according to embodiments, other information may be
displayed on the presenter control device that is not published to the endpoint display
device. For example, the presenter may import or enter a variety of presentation notes 520
that may be displayed on an instance of the application 115 user interface displayed to the
presenter at the preseuter control device, but such presentation notes, comments, or other
uscful information may not be published to the endpoint display device 120 unless
publication of that information is desired by the user wherein the user may selectively
send some or all the information to endpoint display devices upon command, as described
above. Thus, while the all content displayed on the presenter control device may be
automatically displayed on the one or more endpoint display devices, a lesser included
content (1.¢., less than all the content displayed on the presenter control device) may be
displayed on the endpont display device if desived by the presenter user.

{0044} According to embodiments, and as described above with reference to Figs, 1
through S, ecach device whether a presenter control device or an endpownt display device
may be used as a full application editor, and the designation of one device as an endpoint
display device may be switched to another device on demand. That is, if desired by 2
presenter, the designated endpoint display device 120 may be changed to a different
device. For example, if a collaborative work session moves from one conference room {o
another conference room after a break, the presenter may guickly re-designate an endpoint
display device in the second conforence room as the appropriate receiving cndpoint
display device so that all collaborative work session information may be displayed to that
device. In addition, if multiple users are operating in a collaborative work session, as
described herein, each user may switch between roles as presenter/controllers and as
recipients of information in the collaborative work session. That 18, a given user may
operate as a presenter/coutroller of the collaborative work session using his/her device as a
presenter control device, but upon demand, his/her device may be re-designated as an
endpoint display device recetving information from another user now operating as 4

presenter/controller with his computing device.
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i8045] Having described an exemplary operating environment and various aspects of
embodiments of the present invention above with reference to Figs. 1 through 5, Fig. 6 is a
flowchart of a method for providing application/document collaboration in a multi-device
euvironment. The routine 600 begins at start operation 605 and proceeds to operation 610
where a collaborative work session is set up by associating each of the computing devices
105, 110, 120, 125 together 1 a collaborative work session, and by designating onc of the
devices as a presenter control device, and by designating one or more of the other devices
as cudpoint display devices. At operation 615, the user intertace form factor for cach
device is set up for displaying application functionality and documents or other content in
accordance with individual device form factor. As should be appreciated, operations 610,
615 may be performoed as local client level functious, or may be performed at the
command of a cloud-based server/computing system, as described above with reference to
Fig. 1.

{0046] At operation 620, navigation on the presenter control device is received, and at
operation 625, navigation performed at the presenter control device 1s implemented i an
instance of the application user interface and associated document on the receiving
cndpoint device. At operation 630, application inferaction 18 received at the presenter
control device, and at operation 633, results of the application interaction including oue or
more data changes is presented at the endpoint display device, as described above. As
described above, all content displayed on the presenter conirol device way be
automatically displayed on the one or more endpoint display devices, or a lesser included
amount or subset of the coutent displayed on the presenter control device may be
published to the one or more endpoint display devices, as desired by the presenter user.
{0047] At operation 640, a proview or next function may be presented at the presenter
control device to provide the presenter a preview of information that may be displayed to
uscrs at one or more endpoint display devices on demand by the prosenter/user. At
operation 645, the previewed or next information reviewed by the presenter/user at
operation 640 may be sent to the endpoint display devices, as described above.

{6048] At operation 650, metadata associated with content and/or functionality available
to the presenter/user at the presenter control device may be displayed to the presenter/user
for review i association with collaborative work session documeunts and/or countent. At
operation 653, one or more presentation notes, comments, or other useful information may
be displayed to the presenter/user at the presenter control device, as described above with

reference to Fig. 5.
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{8049] At operation 660, the designated endpoint display device may be switched such
that a differcut one or more devices may be designated as the endpoint display devices for
recetving information at the direction of the presenter control device, as described herein.
At operation at 665, the collaborative work session, described herein is enabled, and the
method 600 ends at operation 695,

{00508] While the mvention has been described in the gencral context of program
modules that execute in conjunction with an application program that runs on an operating
systemt on a computer, those skilled in the art will recognize that the invention may also be
implemented in combination with other program modules. Generally, program modules
include routines, programs, components, data structures, and other types of structures that
perform particular tasks or implement particular abstract data types.

{6051} The cmbodiments and functionalities described hercin may operate via a
multitude of computing systems including, without lirmitation, desktop computer systems,
wired and wireless computing systems, mobile computing systems (e.g., mobile
telephones, nctbooks, tablet or slate type computers, notebook computers, and laptop
computers), hand-held devices, multiprocessor systems, microprocessor-based or
progranunable consumer electronics, mintcomputers, and maintrame computers.

{00521 In addition, the embodiments and functionalities descnibed herein may operate
over distributed systems {c.g., cloud-based computing systems), where application
functionality, memory, data storage and retrieval and various processing functions may be
operated remotely from cach other over a distributed computing network, such as the
Internet or an intranet. User interfaces and information of various types may be displayed
via on-board computing device displays or via remote display units associated with one or
more computing devices, For example user nterfaces and mformation of various types
may be displayed and interacted with on a wall surface onto which user interfaces and
information of various types are projected. Interaction with the multitude of computing
systems with which embodiments of the invention may be practiced include, keystroke
entry, touch screen entry, voice or other audio ontry, gesture entry where an associated
computing device is equipped with detection {e.g., camera) functiouality for capturing and
interpreting user gestures for controlling the functionality of the computing device, and the
itke.

{8083}  Figs. 7-9 and the associated descriptions provide a discussion of a variety of
operating cuviromments m which embodiments of the wvention may be practiced.

However, the devices and systems tllustrated and discussed with respect to Figs. 7-9 are

[y
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for purposes of cxample and illustration and arc not limiting of a vast mumber of
computing device configurations that may be utilized for practicing embodiments of the
invention, described hercin,

{0054] Fig. 7 is a block diagram illustrating physical components (i.e., hardware) of a
computing device 700 with which embodiments of the tnvention may be practiced. The
computing device components described below may be suitable for the computing devices
105, 110, 120, 125, 135 described above. In a basic configuration, the computing device
700 may include at least one processing unit 702 and a systerm mernory 704, Depending on
the configuration and type of computing device, the system memory 704 may comprise,
but is not limited to, volatile storage (c.g., random access memory), non-volatile storage
{e.g., read-only mersory), flash memory, or any cowbination of such memortes, The
system memory 704 may inchude an operating system 705 and one or more program
modules 706 suitable for ranmng a variety of applications 720, The operating systern 705,
for example, may be suitable for controlling the operation of the computing device 700.
Furthermore, cmbodiments of the mvention may be practiced n conjunction with a
graphics library, other operating systems, or any other application program and is not
limited to any particular apphication or system. This basic configuration 1s illustrated
Fig. 7 by those compounents within a dashed line 708, The computing device 700 may have
additional features or functionality. For example, the computing device 700 may also
include additional data storage devices (removable and/or nou-removable) such as, for
example, magnetic disks, optical disks, or tape. Such additional storage is illustrated in
Fig. 7 by a removable storage device 709 and a non-remnovable storage device 710,

{0055]  As stated above, a number of program modules and data files may be stored in
the system memory 704. While cxecuting on the processing unit 702, the program
modules 706 may perform processes including, but not hmited to, one or more of the
stages of the method 600 illustrated in Figure 6. Other program modules that may be used
in accordance with embodiments of the present invention may include applications, such
as, spreadsheet applications, notes applications, Internet browser applications, electronic
mail and coutacts applications, word processing apphications, database applications, slide
presentation applications, drawing or computer-aided application programs, etc.

{8056} Furthermore, embodiments of the mmvention may be practiced in an electrical
circuit comprising discrete electronic elements, packaged or integrated electronic chips
containing logic gates, a circutt utilizing a microprocessor, or on a single chip containing

electronic elements or microprocessors. For example, embodiments of the invention may
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be practiced via a system-on-a-chip (SOC) where cach or many of the components
iHustrated in Fig. 7 may be integrated onto a single integrated circuit. Such an SOC device
may include one or more processing units, graphics units, communications units, system
virtualization units and various application functionality all of which are wtegrated {or
“burned”} onto the chip substrate as a single integrated circunit. When operating via an
SOC, the functionality, described herein, with respect to use of web page content may be
operated via application-specific logic mntegrated with other componeuts of the computing
device 700 on the single integrated circutt (chip). Embodiments of the invention may also
be practiced using other technologies capable of performing logical operations such as, for
example, AND, OR, and NOT, including but not himited to mechanical, optical, fluidic,
and quanturn technologies. In addition, embodiments of the mvention may be practiced
within a gencral purpose computer or in any other circuits or systems.

{00871  The computing device 700 may also have one or more input device(s} 712 such
as a keyboard, a mouse, a pen, a sound input device, a touch input device, ete. The output
device(s) 714 such as a display, speakers, a printer, cte. may also be included. The
aforementioned devices are examples and others may be used. The computing device 700
may include one or more communication connections 716 allowing communications with
other computing devices 718, Examples of suitable comwnunication counections 716
include, but are not limited to, RF transmitter, receiver, and/or fransceiver circuitry;
universal serial bus {(USB), paraliel, and/or serial poris.

{6058}  The term computer readable media as used herein may include computer storage
redia. Computer storage media may include volatile and nonvolatile, removable and non-
removable media implemented in any method or technology for storage of information,
such as computer readable instructions, data structures, or program modules. The system
memory 704, the removable storage device 709, and the non-removable storage device
710 are all computer storage media cxamples (Lo, memory storage.) Computer storage
media may include RAM, ROM, clectrically erasable read-only memory (EEPROM},
flash memory or other memory technology, CD-ROM, digital versatile disks (DVD) or
other optical storage, magnetic cassettes, magnetic tape, magnetic disk storage or other
magnetic storage devices, or any other article of mamutacture which can be used to store
information and which can be accessed by the computing device 700, Any such computer
storage media may be part of the computing device 700.

{0039]  Figs. 8A and 8B illustrate a mobile computing device 800, for example, a mobile

telephone 110, a smart phone 110, a tablet-style personal computer 105, a laptop
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computer, and the like, with which embodiments of the invention may be practiced. With
reference to Fig. RA, one embodiment of a mobile computing device 800 {or imaplementing
the embodiments is illustrated. In a basic configuration, the mobile computing device 800
is a haodheld computer having both tuput elements and output clements. The mobile
computing device 800 typically includes a display 805 and one or more input buttons 810
that allow the user to enter imformation into the mobile computing device 800. The display
805 of the mobile computing device 800 may also function as an input device (e.g., a
touch screen display). It included, an optional side input clemnent 815 allows further user
input. The side input element 815 may be a rotary switch, a button, or any other type of
marual input clement. In alternative embodiments, mobile computing device 800 may
incorporate more or less mput elements, For example, the display 8035 may not be a touch
screen in some ombodiments. In yet another alternative embodiment, the mobile
computing device 800 is a portable phone system, such as a cellular phone. The mobile
computing device 800 may also inchide an optional keypad 835. Optional keypad 835 may
be a physical keypad or a “soft” keypad generated on the touch screen display. In various
embodiments, the ontput elements include the display 885 for showing a graphical user
mterface (GUI), a visual indicator 820 (e.g., a hight emutting diode), and/or an audio
transducer 825 {e.g., a speaker). In sowe embodiments, the roobile computing device 800
incorporates a vibration transducer for providing the user with tactile feedback. In yet
another embodiment, the mobile coraputing device 800 incorporates input and/or output
ports, such as an audio input {e.g., a microphone jack), an audio output {¢.g., a headphone
jack), and a video output {c.g., a HDMI port) for sending signals {o or receiving signals
from an external device.

{0068] Fig. 8B is a block diagram illustrating the architecture of one embodiment of a
mobile computing device. That is, the mobile computing device 800 can incorporate a
system {1.¢,, an architecture) 802 to implement some embodiments. In one embodiment,
the system 802 is implemented as a “smart phone” capable of running one or more
applications {c.g., browser, e¢-mail, calendaring, contact managers, messaging clients,
games, and media clients/players). To sore emabodiments, the system 802 s integrated as a
computing device, such as an integrated personal digital assistant (PDA) and wireless
phone.

{80611 One or more application programs may be Ipaded inte the memory 862 and run
on or in association with the operating system 864, Examples of the application programs

include phone dialer applications, e~-mail applications, personal information management
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(PIM) applications, word processing applications, spreadsheet applications, Internet
browser applications, notes applications, messaging applications, and so forth. The system
802 also includes a non-volatile storage arca 868 within the memory 862. The non-volatile
storage arca 868 may be used to store persistent information that should not be lost if the
system 802 is powered down. The application programs may use and store information in
the non-volatile storage arca 868, such as ¢-mail or other messages used by an c¢-mail
application, and the like. A synchronization application {not shown} also resides on the
system 802 and is programumed fo imteract with a corresponding synchronization
application resident on a host computer 1o keep the information stored in the non-volatile
storage arca 868 synchronized with corresponding information stored at the host
computer. As should be appreciated, other applications may be loaded mto the memory
862 and run on the mobile computing device 800,

{0062] The system 802 has a power supply 870, which may be fmplemented as one or
more battertes. The power supply 870 might further include an external power source,
such as an AC adapter or a powered docking cradle that supplements or recharges the
batteries.

100631 The systern 802 may also include a radio 872 that performs the function of
transmitiing and receiving radio frequency communcations. The radio 872 facilitates
wircless connectivity between the system 802 and the “outside world”, via a
comuranications carrier or service provider. Transmussions to and from the radio 872 are
conducted under conirol of the operating system 864. In other words, communications
received by the radio 872 may be dissermnated to the application programs via the
operating system 864, and vice versa,

{0064] The visual indicator 820 may be used to provide visual notifications and/or an
audio interface 874 may be used for producing audible uotifications via the audio
transducer 825, In the illustrated cmbodiment, the visual indicator 820 is a light emitting
diode {LED) and the audio transducer 825 is a speaker. These devices may be directly
coupled to the power supply 870 so that when activated, they remain on for a duration
dictated by the notification mechanisto even though the processor 860 and other
components might shut down for conserving battery power. The LED may be programmed
to remain on indefinitely antil the user takes action to indicate the powered-ou status of the
device. The audio interface 874 is used to provide audible signals to and receive audible
signals from the user, For example, in addition to being coupled to the audio transducer

825, the audio interface 874 may also be coupled to a microphone to receive audible input,
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such as to facilitate a telephone conversation. In accordance with embodiments of the
present invention, the microphone may also serve as an audio sensor to facilitate control of
notifications, as will be described below. The systermn 802 may further include a video
interface 876 that enables an operation of an on-board camera 830 to record still images,
video stream, and the fike.

{0065] A mobile computing device 800 implementing the systemn 802 may have
additional features or functionality, For example, the mobile computing device 800 may
also include additional data storage devices (removable and/or non-rernovable) such as,
magnetic disks, optical disks, or tape. Such additional storage is illustrated in Fig. 8B by
the non-volatile storage arca 868.

{6066] Data/ioformation generated or captured by the mobile computing device 800 and
stored via the system 802 may be stored locally on the mobile computing device 800, as
described above, or the data roay be stored on any nuwsber of storage media that way be
accessed by the device via the radio 872 or via a wired connection between the mobile
computing device 800 and a separatc computing device associated with the mobile
computing device 800, for example, a server computer in a distributed computing network,
such as the Internet. As should be appreciated such data/information may be accessed via
the mobile computing device 800 via the radic 872 or via a distributed computing
network. Similarly, such data/information may be readily transferred between computing
devices for storage and use according to well-known data/mformation transtfer and storage
means, including electronic mail and collaborative data/information sharing systems.
100671 Fig. 9 tustrates one embodiment of the architecture of a system for providing
web page content utilization, as described above. Content developed, interacted with, or
edited in association with cmbodiments of the invention may be stored in different
communication channels or other storage types. For example, various documents and
stored content itoms (including web page content) may be stored using a directory service
922, a web portal 924, a mailbox service 926, an instant messaging store 928, or a social
networking site 930. The web content utilization functionality described herein may use
any of these types of systems or the hke for enabling data utilization, as described herein.
A server 135 may provide output of the web content and associated functionality to
clients. As one example, the server 135 may be a web server providing the web conteut
and associated functionality over the web, The server 135 may provide the ocutput of the
web content and associated functionality over the web to clients through a network 130.

By way of example, the client computing device may be implemented and embodied in a
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personal computer 700, a tablet computing device 103 and/or 2 mobile computing device
110 {e.g., a smart phoue), or other computing device. Auy of these embodiments of the
client computing device 700, 105, 110, 120, 125 may obtain content from the store 916.
{0068] Ewbodiments of the present invention, for exawmple, are described above with
reference to block diagrams and/or operational ilhustrations of methods, systems, and
computer prograr products according 1o embodiments of the nvention. The functions/acts
noted in the blocks may occur out of the order as shown in any flowchart. For example,
two blocks shown in succession may in fact be exccuted substantially concurrently or the
blocks may sometimes be coxecuted in the reverse order, depending upon the
functionality/acts involved.

{6069] The description and dlustration of one or more embodiments provided in thas
application are not intended to limit or restrict the scope of the invention as claimed in any
way. The embodiments, examples, and details provided in this application are considered
sufficicnt to convey possession and enable others to make and use the best mode of
clammed invention, The claimed invention should not be construed as being hmited to any
embodiment, example, or detail provided in this application. Regardiess of whether shown
and described in combination or separately, the various features (both structural and
methodologicaly are intended to be selectively ncluded or omitted to produce an
embodiment with a particular sct of features. Having been provided with the description
and lustration of the present application, one skilled 1o the art may envision vanatious,
modifications, and alternate embodiments falling within the spirit of the broader aspects of
the general mventive concept embodied in this application that do not depart from the

broader scope of the claimed tnvention,
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CLAIMS

1. A computer-implernentied  wethod of collaboration v a multi-device
environment, comprising:

displaying an electronic document on a presentation control device;

displaying the electronic document on an endpoint display device;

recetving a change to the electronic document at the presentation control device;
and

in response to receiving a change to the clectronic document at the presentation
control device, making a corresponding change to the clectronic document displayed on

the endpoint display device.

2. The method of claim !, wherein displaying the electronic document on the
presentation  control device ncludes displaying the electronic document ou the
presentation control device according to a form factor of the presentation control device;
and wherein displaying the electronic document on the endpoint display device includes
displaying the eclectronic document on the endpoint display device according to a form

factor of the endpoint display device.

3. The method of claim 1, wherein displaying the electronic document on the
endpoint display device includes duplicating the electronic document displayed on the

presentation control device onto the endpoint display device.

4. The method of claim 1, further comprising;

receiving a command on the electronic document on the presentation control
device;

applying the received command to the clectronic document displayed on the
presentation control device; and

applying the received command to the electronic document displayed on the

endpoint display device.
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5. The method of claim 4, further comprising operatively associating the
presentation countrol device with the endpoint display device such that coramands received
on the electronic document displayed on the presentation control device are automatically
passed to the endpoint display device for application to the corresponding electronic

document displayed on the endpoint display device.

6. The method of claim 1, further comprising receiving a comumand at the
presentation control device to designate a different display device as a second endpoint
display device such that the electronic document is displayed on the second endpoint

display device.

7. The method of claim 1, further comprising receiving a command at the
presentation control device to designate a second display device as a secound endpoiunt
display device such that displaying the electronic document on the endpoint display device
includes displaying the electronic document on both the endpownt display device and the

second endpoint display device.

8. A computer-imiplemented method of spreadsheet apphcation and conteunt
collaboration in a multi-device environment, comprising:

displaying an instance of a spreadsheet application user nterface on a presenier
control device, and displaying an electronic spreadshect document on the presenter control
device;

displaying an instance of a spreadsheet application user interface on an endpoint
display device, and displaying the electronic spreadsheet document on the endpoint
display device;

receiving a change to the electronic spreadshect document via a spreadshect
application at the presenter control device; and

in response o receiving a change to the electronic spreadsheet document at the
presenter control device, making a corresponding change to the electronic spreadsheet

document displayed on the endpoint display device.

N
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9. The method of claim 8, further comprising providing a preview of the
corresponding chaunge on the preseunter control device, and further comprising receiving a
command at the presenter control device to make a lesser inchuded change to the clectronic

spreadsheet documnent displayed on the endpomnt display device.

10, A system for collaboration in a multi-device environment, comprising:
one or more processors; and
a memory coupled to the one or more processors, the one or more processors
operable to:
display an electronic document on a presentation control device;
display the clectronic document on an endpoint display device;
capture a received command for making a change to the clectronic
document displayed oun the presentation countrol device;
translate the received command and pass the translated received command
to the endpoint display device; and
make a corresponding change to the electronic document displayed on the

endpoint display device in response to the translated recetved command,
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