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METHODS AND SYSTEMS FOR RECEIVING FEEDBACK FROM A
SCALABLE NUMBER OF PARTICIPANTS OF AN ON-LINE PRESENTATION

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims the benefit of co-pending United States Application
Serial No. 11/424,396, filed on June 15, 2006, the entire disclosure of which is hereby

incorporated by reference as if set forth in its entirety herein.

FIELD OF THE INVENTION

[0002] The present invention relafes generally to on-line presentations. More specifically,

the invention relates to providing visual feedback to the presenter of an on-line presentation.
BACKGROUND OF THE INVENTION

[0003) In some on-line presentation environments (e.g., an on-line meeting or webinar),
one or more computing devices collect feedback information about the delivery of screen
sharing updates from a presenter to viewers. As the number of viewers increases, so does the
amount of feedback information that is received in the form of acknowledgements from all
participants. The more attendees present in the on-line presentation coupled with the number
of screen updates can give rise to an overwhelming amount of data is send back to the
presenter. As a result, the bandwidth consumption increases as a function of the number of

attendees times the number of screen updates.

SUMMARY OF THE INVENTION

[0004] At least two mechanisms can be employed to scale the number acknowledgement
receipts received from the viewers of the on-line presentation. One mechanism includes
restricting the number of attendees that send screen sharing feedback information. Another
mechanism includes identifying (e.g., tagging) a select number of screen updates (i.e., epochs)
that have to be acknowledged. Both mechanism can be static or dynamic and centralized or

distributed.
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[0005] For example, a static centralized selection of participants can feature a presenter that
selects those participants that will send back acknowledgements to the presenter. The presenter
sends messages identifying the set of participants requested to send feedback information. An
example of a static distributed selection of participants includes allowing the participants
themselves based on local information (e.g., the participant id, name, and the like) to determine
whether send feedback to the presenter. An exemplary dynamic centralized scalable process
includes tagging screen change data sets greater than a certain predetermined size as requiring

an acknowledgement.

[0006] In one aspect, the invention features a method that operates in an on-line
presentation environment having a presenter transmitting screen data to one or more viewers.
The method provides to the presenter visual feedback b); scaling the number of confirmation
receipts of screen change data from the one or more viewers. The method includes analyzing a
screen change data set at a first computing device of the on-line presentation environment,
tagging the screen change data set as requesting acknowledgement by the one or more viewers,
and transmitting the screen change data set to the one or more viewers. The method also
includes receiving a confirmation of receipt of the tagged screen change data set from at least:
one of the one or more viewers, generating a representation of the tagged screen change data
set received by the one or more viewers in response to receiving the confirmation of receipt,

and displaying the generated representation at the presenter.

[0007] In various embodiment, the analysis occurs at a communication server of the on-line
presentation environment, a viewer of the on-line presentation environment, or a presenter of
the on-line presentation environment. In another embodiment, the method includes
determining one or more of the one or more viewers to confirm receipt of the tagged screen

change data set.

[0008] In further embodiments, the determining includes selecting, by the presenter, one or
more of the one or more viewers having an associated bandwidth that exceeds a predetermined
level. The determining can also include comparing, by each of the one or more viewers, an
associated bandwidth with a predetermined bandwidth and receiving a receipt of confirmation
from the one or more of the one or more viewers that equal or exceed the predetermined

bandwidth. Another means for determining includes selecting by an end-user of the presenter
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which of the one or more viewers to receive a confirmation of receipt of the tagged screen

change data set.

[0009] The determining can be performed at periodic intervals or in response to a specific
event. The determining can also include randomly selecting one or more of the one or more

viewers to confirm receipt of the tagged screen change data set.

[0010] In another aspect, the invention features a computing device that provides a
presenter of an on line presentation environment visual feedback regarding the status of one or
more viewers by scaling the number of confirmation receipts of screen change data by the one
or more viewers. The computing device includes a processor for executing computer readable
instructions and a memory element that stores computer readable instructions. When the
instructions are executed by the processor cause the computing device to analyze a screen
change data set, tag the screen change data set as requesting acknowledgement by the one or
more viewers, and transmit the screen change data set to the one or more viewers. The
execution of instructions also cause the computing device to receive a confirmation of receipt
of the tagged screen change data set from at least one of the one or more viewers, generate a
representation of the tagged screen change data set received by the one or more viewers in
response to receiving the confirmation of receipt, and display the generated representation at

the presenter.

[0011] In another aspect, the invention features a computer readable medium having
executable instructions thereon to provide a presenter of an on line presentation environment
* visual feedback regarding the status of one or more viewers by scaling the number of
confirmation receipts of screen change data by the one or more viewers. The computer
readable medium includes instructions to analyze a screen change data set at a first computing
device of the on-line presentation environment, tag the screen change data set as requesting
acknowledgement by the one or more viewers, and transmit the screen change data set to the
one or more viewers. The medium also includes instructions to receive a confirmation of
receipt of the tagged screen change data set from at least one of the one or more viewers,
generate a representation of the tagged screen change data set received by the one or more
viewers in response to receiving the confirmation of receipt, and display the generated

representation at the presenter.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012]) The foregoing discussion will be understood more readily from the following
detailed description of the invention, when taken in conjunction with the accompanying

drawings, in which:
[0013) FIG. 1 shows an embodiment of distributed computing environment;

[0014] FIG. 2 shows an embodiment of a participant computing device of the distributed

computing environment of FIG. 1;

[0015] FIG. 3 shows an embodiment of a server computing device of the distributed

computing environment of FIG. 1;

[0016] FIG.4 is a block diagram of an embodiment of an architecture for synchronizing

data sets between a presenter and plurality of viewers in a bandwidth-adaptive manner;

[0017] FIG. 5 is a flow chart of an embodiment of a method of scaling the number of

viewers that provide acknowledgement receipts related a screen change data set;

[0018] FIG. 6 s a block diagram depicting one embodiment of a display providing to a

presenter visual feedback regarding the screen data received by a viewer;

[0019] FIG. 7 is a block diagram depicting one embodiment of a display providing to a

presenter visual feedback regarding the screen data received by a plurality of viewers;

[0020] FIG. 8 is a block diagram depicting another embodiment of a display providing to a

presenter visual feedback regarding the screen data received by a plurality of viewers;

[0021] FIG. 9 is a block diagram depicting another embodiment of a display providing to a

presenter visual feedback regarding the screen data received by a plurality of viewers;

[0022] FIG. 10 is a block diagram depicting an embodiment of a display providing to a
presenter visual feedback regarding the screen data received by a plurality of viewers in

response to input from the presenter; and

[0023] FIG. 11 is a block diagram showing another embodiment of a distributed computing

environment.
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DETAILED DESCRIPTION

[0024] With reference to FIG. 1, a distributed computing environment 100, which can be
used for on-line collaboration, presentation, and the like, includes one or more participant
computing devices 110A, 110B, ..., 110F (hereinafter each participant computing device or.
plurality of computing devices is generally referred to as participant 110) communicating with
one or more server computing devices 150 (hereinafier each server computing device or
plurality of computing devices is generally referred to as server 150) via a communications
network 140. In the case of an on-line presentation environment, one of the participants 110 is
typically a “presenter” while the other participants are “viewers”. The presenter shares visual
information , which is also referred to as screen data throughout the specification, with the
viewers. Thought of another way, the presenter is a source node and the viewers are consumer
nodes. Examples of visual information that may be shared include documents, files, slides,
images, application displays, and entire computer desktop displays. In some embodiments, the
visual data may also be accompanied by other data, including without limitation data files,
executable files, and audio data. In some embodiments, the visual data may be accompanied by

or comprise part of a videoconferencing data.

[0025] Participants 110 and servers 150 can communicate with one another via networks
140, which can be a local-area network (LAN), a metropolitan-area network (MAN), or a wide
area network (WAN) such as the Internet or the World Wide Web. Participants 110 connect to
the network 140 via communications link 120 using any one of a variety of connections
including, but not limited to, standard telephone lines, LAN or WAN links (e.g., T1, T3, 56 kb,
X.25), broadband connections (ISDN, Frame Relay, ATM), and wireless connections. The
connections can be established using a variety of communication protocols (e.g., TCP/IP, IPX,

SPX, NetBIOS, and direct asynchronous connections).

[0026] In other emEodiments, the participants 110 and servers 150 communicate through a
second network 140’ using communication link 180 that connects network 140 to the second
network 140°. The protocols used to communicate through communications link 180 can
include any variety of protocols used for long haul or short transmission. For example, TCP/IP,
IPX, SPX, NetBIOS, NetBEUI, SONET and SDH protocols or any type and form of transport

control protocol may also be used, such as a modified transport control protocol, for example a
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Transaction TCP (T/TCP), TCP with selection acknowledgements (TCPSACK), TCP with
large windows (TCP-L'W), a congestion prediction protocol such as the TCP-Vegas protocol,
and a TCP spoofing protocol. In other embodiments, any type and form of user datagram
protocol (UDP), such as UDP over IP, may be used. The combination of the networks 140,
140’ can be conceptually thought of as the Internet. As used herein, Internet refers to the
electronic communications network that connects computer networks and organizational

computer facilities around the world.

[0027] The participant 110 can be any personal computer, server, Windows-based terminal,
network computer, wireless device, information appliance, RISC Power PC, X-device,
workstation, minicomputer, personal digital assistant (PDA), main frame computer, cellular
telephone or other computing device that provides sufficient faculties to execute participant
software and an operating system. Participant software executing on the participant 110
provides functionality directed to scaling the number of screen change data set receipt

acknowledgements generated during an on-line presentation.

[0028] The server 150 can be any type of computing device that is capable of
communication with one or more participants 110. For example, the server 150 can be a
traditional server computing device, a web server, an application server, a DNS server, or other
type of server. In addition, the server 150 can be any of the computing devices that are listed as
participant devices. In addition, the server 150 can be any other computing device that
provides sufficient faculties to execute server software and an operating system. Server
software executing on the server 150 provides functionality directed to scaling the number of
screen change data set receipt acknowledgements generated during an on-line presentation and
storing, as well as distributing, screen change data sets, which are also referred to epochs

throughout the specification.

[0029] FIG. 2 depicts a conceptual block diagram of a participant 110. It should be
understood that other embodiments of the participant 110 can include any combination of the
following elements or include other elements not explicitly listed. In one embodiment, each
participant 110 typically includes a processor 200, volatile memory 204, an operating system
208, participant software 212, a persistent storage memory 216 (e.g., hard drive or external
hard drive), a network interface 220 (e.g., a network interface card), a keyboard 224 or

virtualized keyboard in the case of a PDA, at least one input device 228 (e.g., a mouse,
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trackball, space ball, light pen and tablet, touch screen, stylus, and any other input device) in
electrical communication with the participant 110, and a display 232. The operating system
116 can include, without limitation, WINDOWS 3.x, WINDOWS 95, WINDOWS 98,
WINDOWS NT 3.51, WINDOWS NT 4.0, WINDOWS 2000, WINDOWS XP, WINDOWS
VISTA, WINDOWS LONGHORN, WINDOWS CE, MAC/OS, JAVA, PALM OS,
SYMBIAN OS, LINSPIRE, LINUX, SMARTPHONE OS, the various forms of UNIX,
WINDOWS 2000 SERVER, WINDOWS 2000 ADVANCED SERVER, WINDOWS NT
SERVER, WINDOWS NT SERVER ENTERPRISE EDITION, MACINTOSH 0S8 X
SERVER, UNIX, SOLARIS, and the like. In addition, the operating system 208 can run on a
virtualized computing machine implemented in software using virtualization software such as
VMWARE.

[0030] The participant software 212 is in communication with various components (e.g.,
the operating system 208) of the participant 110 to provide functionality described herein. Asa
general overview, the participant software 212 can provides functionality directed to scaling the
number of screen chénge data set receipt acknowledgements generated during an on-line

presentation.

[0031] With reference to FIG. 3, an embodiment of a server 150 is described. It should be
understood that other embodiments of the server 150 can include any combination of the
following elements or include other elements not explicitly listed. The server 150 includes a
processor 300, a volatile memory 304, an operating system 308, server software 312, persistent
storage memory 316, a network interface 320, a keyboard 324, at least one input device 328 '
(e.g., a mouse, trackball, space ball, bar code reader, scanner, light pen and tablet, stylus, and
any other input device), and a display 332. In another embodiment, the sever 150 operates in a
“headless” mode. The server operating system can include, but is a not limited to, WINDOWS
3.x, WINDOWS 95, WINDOWS 98, WINDOWS NT 3.51, WINDOWS NT 4.0, WINDOWS
2000, WINDOWS XP, WINDOWS VISTA, WINDOWS LONGHORN, WINDOWS CE,
MAC/OS, JAVA, PALM OS, SYMBIAN OS, LINSPIRE, LINUX, SMARTPHONE OS, the
various forms of UNIX, WINDOWS 2000 SERVER, WINDOWS 2000 ADVANCED
SERVER, WINDOWS NT SERVER, WINDOWS NT SERVER ENTERPRISE EDITION,
MACINTOSH OS X SERVER, UNIX, SOLARIS, and the like. In addition, the operating
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system 308 can run on a virtualized computing machine implemented in software using
virtualization software such as VMWARE

[0032] The server software 312 is in communication with various components (e.g., the
operating system 308) of the server 150 to provide functionality described in more detail
below. As a general overview, the server sofiware 312 provides functionality directed to
scaling the number of screen change data set receipt acknowledgements generated during an
on-line presentation. In certain embodiments, the server software 312 also provides

synchronization of a data set among the participants 110.

[0033] FIG. 4 depicts a block diagram of a system for synchronizing a data set between the
source node 110A and a plurality of consumer nodes 110B, 110C, as well as the packet flow in
a system during operation. As shown in FIG. 4, the system includes a communications service
400, which can be part of the server software 312, with which the source node 110A and the
plurality of consumer nodes 110B, 110C communicate. The source node 110A and the
consumer nodes 110B, 110C may be located behind respective firewalls (not shown in FIG. 4).
The source node 110A and the consumer nodes 110B, 110C make outgoing socket connections
to the communications service 400. In some embodiments, the communications service 400
maintains state for each connection to a consumer node 110B, 110Cin the form of socket
descriptors. In other embodiments, the source node 110A and the communications service 400
may be provided as the same physical device. In these embodiments, the source node 110A
and the communications service 400 operate on the same hardware in a time-shared manner.
Data may be shared between the source node 110 and the communications service 400 using

any one of a number of techniques, such as pipe objects or shared memory.

[0034] The source node 110A codes the current state of a dynamic data set, such as screen
data that is shared among the participants 110, as a set of data packets. In some embodiments,
this coding process is straightforward. For example, in the case where the dynamic data set is
screen data, data packets may be coded by storing pixel values for a predetermined portion of
the screen in the data packet. In some embodiments, the source node 110A compresses the data
stored in the data packets. In still other embodiments, the source node 110A encrypts the data
stored in the data packets. In still further embodiments, the source node 110A both encrypts

and compresses data stored in the data packets. As the dynamic data set changes, the source
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node updates the set of data packets comprising the current state of the data set. At any point in

time, the state of the dynamic data set can be thought of an epoch.

[0035] The source node 110A transmits the current state of the dynamic data set to the
communications service 400 in a bandwidth-adaptive manner. In one embodiment, this is
achieved by requiring the source node 110A to possess a transmission token before beginning
transmission of the current state of the data set. In this embodiment, the source node 110A and
the communications service exchange a limited number of transmission tokens, e.g., five. In
other embodiments, the communication service 400 transmits a message to the source node

110A to notify the source node 110A when it can send another data set update.

[0036] As shown in FIG. 4, the communications service 400 may also include a data
storage element 402, such as random-access memory, a disk drive, a disk array, a rewriteable
optical drive, or some other form of memory element that allows access to stored data. The
storage element 402 enables the communications service 402 to store metadata information and
data packets received from the source node 110A in between update requests from various
consumer nodes 110B, 110C. In addition, the storage element 402 can be used to maintain a
historical record of metadata information and data packets transmitted from the source node
110A. In other embodiments, the storage element 310 may also store the data packets

transmitted to a respective consumer node 110B, 110C.

[0037] The source node 110A creates metadata information that identifies each of the data
packets representing the current state of the dynamic data set. In the embodiment shown in
FIG. 4, the metadata information comprises a metadata packet 410, 420, 430. Metadata packet
410 is created at time t1, and indicates that the state of the dynamic data set at time t1 is
represented by data packet 0, data packet 1, and data packet 2. Similarly, metadata packet 430
indicates that state of the dynamic data set at time t2 is represented by data packet 0, data
packet 4, and data packet 5. In other embodiments, instead of creating metadata packets that
store metadata information, metadata information is included in data packets. For example,
each data packet comprising a data set update may include a “metadata information header”

identifying the update set with which the data packet is associated.
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[0038] As shown in FIG. 4, the source node 110A transmits metadata information 410 to
the communications service 400 followed by the data packets identified by the metadata
information 410. Thus, the source node 110A transmits to the corﬁmunications service 400
data packet 0 412, data packet 1 414, and data packet 2 416 following the metadata packet 410.
At time t2, the source node 110A transmits to the communications service 400 metadata packet
420, which indicates that the state of the data set at time t2 is represented by data packet 0, data
packet 3, and data packet 4. The source node 110A then transmits data packet 3 422 and data
packet 4 434 to the communications service 400. The source node 110A does not retransmit
data packet O to the communications service 400 since that data packet was transmitted in
connection with the first metadata packet 410. Similarly, at time t3 the source node 110A
transmits to the communications service 400 a metadata packet 430 that indicates the current
state of the dynamic data set is represented by data packet 0, data packet 4, and data packet 5.
Since the source node 110A already transmitted data packet 0 to communications service 400
following the first metadata packet 410 and data packet 4 following the second metadata packet
420, the source node 400 only transmits data packet 5 432 following the third metadata packet
430,

[0039] As described above in connection with flow control between the source node 110A
and the communications service 400, flow control between the consumer nodes 110B, 110C
and the communications service 400 may be token-based or message-based. For ease of
reference, the remaining description will assume that the flow control method is based on
messages. However, the same advantages of the invention can be obtained in a system relying

on transmission tokens.

[0040] FIG. 4 depicts an embodiment of a system in which consumer node 110B,
communicates with the communications service 400 via a high-bandwidth connection. In this
case, the consumer node 110B requests data set updates frequently enough that the
communication service 400 transmits to the consumer node 110B a stream of metadata
information and data packets identical to the stream of metadata information and packets
received by the communications service 400 from the source node 110B. Also as shown in
FIG. 4, the consumer node 110C, which communicates with the communications service 400
via a low-bandwidth connection, requests data set updates less frequently and, therefore,

receives a different stream of packets from the communications service 400 than the
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communications service 400 receives from the source node 110A. As shown in FIG. 4, the
communications service 400 transmits the first metadata packet 410 and data packets 0-3, 412,
414, 416 to the consumer node 110C. The next metadata packet received by the consumer
node 110C is the third metadata packet 430, which indicates that the state of the dynamic data
set is represented by data packet 0, data packet 4, and data packet 5. Since the consumer node
110C has not yet received data packet 4 and data packet 5, the communications service 400

transmits those data packets to the consumer node 110C.

[0041] FIG. 4 also depicts the packet stream sent to a consumer node that “joins late.” As
shown in FIG. 4, a consumer that joins at time t3 will receive the third metadata packet 430, as
well as all the data packets identified by the third metadata packet. The data packets
transmitted to the consumer node 110B, 110C by the communications service 400 may be
retrieved from the stofage element 410, recently received from the source node 110A, or some

combination of the two.

[0042) Delivery of data set updates from the communications service 300 may be
performed using a “push” model, a “pull” model, or an “atomic push” model. In the “push”
models, the communication service 400 transmits metadata information and data packets to the
consumer node 110B, 110C. The difference between the “push” model and the “atomic push”
model is that, in the “atomic push” model, the communications service 400 commits to transmit
every data packet identified by transmitted metadata information before beginning transmission
of another data set. There is no such commitment in the “push” model, which means that data
packets not successfully transmitted from a previous data set update may never be sent to the
consumer node 110B, 110C. In the “pull” model, the consumer node 110B, 110C receives
from the communications service 400 the metadata information and then requests specific data

packets from the communications service 400.

[0043] In certain embodiments, the information in metadata packets is encoded
incrementally. In these certain embodiments, the “wire” representations of metadata packets
may differ despite the fact that they encode the same information. A short example shows why
this is the case. Over time, the source node 110A sends three metadata packets to the
communications service 400. 'The contents of the metadata packets are sets of data packet
numbers (1, 2, 3), (2, 3, 4) and (3, 4, 5). On the “wire,” each set is represented as a delta from .

the previous set. Thus, the source node 110A transmits the following metadata packets to the
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communications service 400: (1, 2, 3), (-1, +4) and (-2, +5), where '-' and '+ indicate removal
or addition of a packet number from/to the previous set. These data sets can be conceptually
thought of “change data sets.” As used herein, a change data set refers to a set of data the
represents changes in the screen data of the presenter from one point in time to another point in
time. If a consumer node 110 skips the contents of the second metadata packet, it receives
metadata information describing sets (1, 2, 3) and (3, 4, 5). On the “wire,” these two sets are
represented incrementally as (1, 2, 3) and (-1, +4, -2, +5). While the source node 110A
transmitted the contents of the second metadata packet to the communications service 400 as (-
2, +5), the communications service 400 transmitted the same information to the consumer node
110 as (-1, +4, -2, +5).

[0044] In one some embodiments, each time a consumer node 110 receives a change data
set, the consumer node acknowledges receipt of the changed data set by sending a response to
the source node 110 or communication server 400. However, as the number consumer nodes
increases the number of acknowledgement receipts can adversely affect the performance of the
on-line presentation environment. Various methods can be used to limit or scale the number of
acknowledgement receipts received by the presenter 110A or communication server 150. For
example, only certain change data sets can be acknowledged as received by all or some of the
viewers. Another example includes acknowledging receipt of all change data sets by a select

number of viewers.

[0045] In one embodiment, in addition to providing packet numbers the change data sets
can include other data and information. For example, the change data sets include a “tag” or
“flag” (not-shown) that provides an indication to a viewer 110B to acknowledge receipt of the
change data set. In various embodiments, a select number viewers provide an

acknowledgement receipt to the presenter 110A or communication server 150.

[0046] With reference to FIG. 5, an embodiment of a method 500 of providing visual
feedback to the presenter 110A by scaling the number of confirmation receipts of screen
change data from the one or more viewers 110B. The method includes analyzing (STEP 510) a
screen change data set at a first computing device of the on-line presentation environment 100,
tagging (STEP 520) the screen change data set as requesting acknowledgement by the viewers
110B, and transmitting (STEP 530) the screen change data set to the viewers 110B. The

method also includes receiving (STEP 540) a confirmation of receipt of the tagged screen
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change data set from at least one viewer 100B, generating (STEP 550) a representation of the
tagged screen change data set in response to reéeiving the confirmation of receipt, and
displaying (STEP 560) the generated representation at the presenter 110A. In other
embodiments, the method includes determining (STEP 570) one or more viewers 110B to

confirm receipt of the tagged screen change data set.

[0047] In one embodiment, the presenter 110A analyzes (STEP 510) the screen change data
set. In other embodiments, the communication server 150 analyzes (STEP 510) the screen
change data set. In yet another embodiment, one or more of the viewers 110B analyzes (STEP
510) the screen change data set. The analysis can take various forms. In one embodiment, the
analysis determines whether the amount of changes to the screen of the bresent are larger
enough to warrant feedback about the receipt of the screen change data set. In another
embodiment, a periodic function is used as the analysis function. For example, every third
screen change data set can be used to provide feedback to the presenter 110A. In other
embodiments, the analysis includes randomly assigning screen change data sets for

acknowledgement receipt.

[0048] In other embodiments, different criteria are used in the analysis. For example, the
bandwidth connecting the server 150 and the presenter 110A as well as the bandwidth
connecting the server 150 and a viewer 110B is used to determine whether to request
acknowledgement of the screen change data set. However, the above-described bandwidth
adaptive of nature of the connections complicates the situation. Assume the system is
configured to request acknowledgement for large updates, a large update followed by a series
of small ones are seen differently by different viewers 110B. Certain viewers 110B may see all
updates while others only a subset. The presenter may erroneously thinks that the viewers
110B are viewing different screen change data sets.. To account for this situation, the method

tags (STEP 520) certain screen change data sets.

[0049] In one embodiment, the participant software 212 tags (STEP 520) the desired screen
change data sets. Either the presenter 110A or the viewers 110B can tag screen change data
sets. In another embodiment, the server software 312 tags (STEP 520) the screen change data
sets. The tagging can take various forms. For example, a field in the metadata of the screen
change data set can be populated. Another example include assigned a unique identifier to each

screen change data set. The assigned unique identifier can include an indication that
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acknowledgement is requested. For example, each unique identifier that is an odd number can
indicate a request for acknowledgment. In addition, the content of the change data set can
trigger tagging. For example, the tagging can be based on a region of change, properties of
change data set, which can include color, frequency, and the like. Also the tagging can be based

on a timer, a rate of update, randomization, and the like.

[0050] Each screen change data set that is tag does not have to be acknowledge. Often,
some of the updates will be not be acknowledge. This is expected given the bandwidth~
adaptive nature of the described system. To explain further, if an acknowledgement receipt is
received for a specific screen update it means that none of the viewers 110 received that screen
change data set. For example, assume the presenter is displaying and sharing a that generates
ten updates per second, all of which are tagged. In some situations, the viewers 110B might
only receive three or four updates per second. Some of the updates are never received by the
viewers so they are never acknowledged. In fact, the acknowledgement feedback allows the
presenter 110A to know precisely which updates viewers 110 received and, for each update, the
specific fraction of all viewers that received. This fraction can be a number between zero and

one.

[0051] The presenter 110A or communication server 150 transmits (STEP 530) the screen
change data sets to the viewers 110B using one of the previously described methods. In one
embodiment, a “push” mechanism is used. In other embodiments, an “atomic push” or “pull”

. technique is used.

[0052] In one embodiment, the presenter 110A receives (STEP 540) an acknowledgement
receipt from one or more of the viewers 110B. In another embodiment, the communication
server 150 receives (STEP 540) the acknowledgment receipt from the viewers 110B. The
communication server 150 can acknowledge the updates to the presenter as the communication
server 150 delivers the updates to the viewers 110B. The communications server 150 can also
acknowledge the updates by individual viewers 110B or by aggregating the collective

contributions.

[0053] In one embodiment, after receiving the acknowledgment receipt from the viewer
110B the presenter 110A generates (STEP 550) a representation of the tagged screen change

data set that was received by the viewer 110B. In another embodiment, the communication
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server 150 generates (STEP 550) the representation and transmits the representation to the
presenter 110A, which displays (STEP 560) the representation. The representation can take
various forms, some of which are described in more detail below with respect to FIG. 6 through
FIG. 11. |

[0054] As mentioned previously, various embodiments of the method include determining
(STEP 570) the viewers 110B that will provide acknowledgment receipts for the tagged or
untagged change data sets. There are various methods and means that can be used to determine
which viewers to receive acknowledgment receipts from, which are used to generate the visual
representation that is displayed at the presenter 110A. In one embodiment, if the bandwidth
connecting a viewer 110B to the server 150 exceeds a predetermined threshold then that viewer
is designated to send acknowledgement receipts. Other criteria can also be used. Examples,
include but are not limited to a participant identifier, geographic location, and the order in
which the viewer joined the on-line presentation. In another embodiment, the viewers 110B
that provided acknowledgement receipts are selected by the end-user of the presenter 110A. In

yet another embodiment, the viewers 110B are randomly assigned.

[0055]} In other embodiments, the viewers 110B themselves make a determination if they
will provide an acknowledgement receipt. The viewers 110B can use any of the previously
mentioned criteria, as well as criteria that is not mentioned, in determining whether to provide

an acknowledgment receipt to the presenter 110A or communication server 150.

[0056] The determining can occur (STEP 570) at the beginning of the on-line presentation.
This provides a static group of viewers 110B that provide feedback. In other embodiments, the
determining can occur at regular or random intervals during the on-line presentation. As such,

the set of viewers 110B that provide feedback is dynamic.

[0057] Referring now to FIG. 6, a block diagram depicting one embodiment of a display
providing a representation to a presenter 110A visual feedback regarding the screen data
received by a viewer 110B is shown. In brief overview, a display 600 comprises a window for
displaying the current shared visual display 605 and a window 610 for displaying visual

feedback regarding the screen data received and acknowledge by a viewer 615.
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[0058] Still referring to FIG. 6, now in greater detail, a presenter di:splay screen 600
comprises a window for displaying the current shared visual display 605. The shared visual
display may comprise any visual data described herein, including without limitation slides,
documents, files, images, an application, or a computer desktop. In some embodiments, the
current shared visual display may not be displayed in a window 605, but may instead comprise
the entirety of the presenters 110A screen. In other embodiments, the current shared visual
display may not be displayed in a window 605, but may instead comprise the entirety of the
presenter’s screen, excluding a given number of windows or other visual information. For
example, the current shared visual display may comprise the entirety of the presenter’s screen
with the exception of the window for displaying visual feedback regarding the screen data
received by a viewer 610. Or, for example, the current shared visuai display may comprise the
entirety of the presenters screen with the exception of other visual information corresponding to

presentation management functions.

[0059] A presenter display screen 606 may also comprise a window 610 for displaying
visual feedback regarding the screen data received by a viewer 615. In the embodiment shown,
the window 610 comprises a display of the screen data for which a viewer has confirmed

receipt 615.

[0060] In some embodiments, the visual feedback 615 may be updated periodically. In one
embodiment, the visual feedback 615 may be updated at given time intervals, including without
limitation any number of microseconds, milliseconds, seconds, or minutes.” In another
embodiment, the visual feedback 615 may be displayed only in periods following a change in
the shared visual display. For example, the window 610 may be hidden or minimized if no
changes have been made to the shared visual display 605 for a given time interval. Thus, for
example, a presenter may discuss a document for a number of minutes, and then make changes
in the document. Upon the presenter’s making changes, the window 610 displaying the visual
feedback 615 may appear to inform the presenter whether the viewer has successfully received

the visual updates.

[0061] In the embodiment shown, the display 600 indicates that the screen data received by
a viewer 615 may be different than the current shared visual display 605. This discrepancy
may reflect, for example, that the presenter recently changed slides, and the viewer has yet to

receive or confirm receipt of the visual data corresponding to the most recent slide. Or the
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discrepancy may reflect, for example, that the presenter recently typed text into the shared
visual display, and the viewer has yet to receive or confirm receipt of the visual data

corresponding to the entered text.

[0062] In some embodiments, the visual feedback display may be modified 615, such as
reduced in size, reduced in color bit depth, and rendered in black and white or grayscale. In
other embodiments, any other display property of the screen data shown in the feedback display
615 may be altered, including without limitation color, contrast, sharpness, and brightness. In
other embodiments, the presenter machine may generate a visual representation of the screen
data received by the viewer using any combination of techniques described herein. For
example, the presenter machine may generate a display corre.sponding to the current screen data
confirmed as received by a given viewer, where the display is rendered at 1/15th size, and in
black and white.

[0063] Referring now to FIG. 7, a block diagram depicting one embodiment of a display
providing to a presenter visual feedback regarding the screen data received by a plurality of
viewers is shown. In brief overview, a display 600 comprises a window for displaying the
current shared visual display 605 and visual feedback regarding the screen data received by a

plurality of viewers 715.

[0064] Still referring to FIG. 7, now in greater detail, visual feedback regarding the screen
data received by a plurality of viewers 715 comprises a display of latency corresponding to a
plurality of viewers. In some embodiments, any measure of latency may be displayed,
including without limitation minimum latency, maximum latency, mean latency, median
latency, and mode latency. In some embodiments, latency corresponding to a specific viewer

or viewers may be displayed.

[0065] In some embodiments, the di;played latency may reflect the time between the time
the presenter makes a change to the shared visual display 605 and the time that confirmation is
received by the presenter that the change has been received by one or more predetermined
viewers. In other embodiments, the displayed latency may reflect the time between the time
that the presenter makes a change to the shared visual display 605 and the time that the change

is received by one or more predetermined viewers.
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[0066] In some embodiments, the latency may be displayed using text, as in the
embodiment shown. In other embodiments, latency may be displayed using any technique for
the display of data, including without limitation charts, graphs, histograms, plots, color coding,
and icons. For example, a mean latency indicator may be displayed which is green while

average latency is low, but transitions to red as latency increases.

[0067] In other embodiments, other statistics relating to the transmission of screen data
may be displayed, including without limitation estimated bandwidth, network loss rates, and

total number of viewers who have not received a given change.

{0068] Referring now to FIG. 8, a block diagram depicting another embodiment of a
display providing to a presenter visual feedback regarding the screen data received by a
plurality of viewers is shown. In brief overview, a display 600 comprises a window for
displaying the current shared visual display 605 and a window 610 for the display of a chart

corresponding to the screen data received by a plurality of viewers 815.

[0069] Still referring to FIG. 8, now in greater detail, a display of visual feedback regarding
the screen data received by a plurality of viewers 815 comprises a chart indicating how many
viewers have received given screen data. In the embodiment shown, the shared visual display
600 corresponds to a slide presentation. The visual feedback 815 displays the percentage of
viewers who have received a given slide. For example, in the embodiment shown, the current
shared visual display is slide number 7. The chart 815 illustrates that a significant number of
viewers have not yet received the data corresponding to the change to slide 7. The chart 815
further illustrates that most of the viewers may still be currently viewing slide 6, although a

smaller fraction of users may still be viewing slides 5 and 4, respectively.

[0070] In other embodiments, the visual feedback 815 may comprise a chart displaying
other data regarding the screen data received by viewers. In one embodiment, a chart may
display the absolute number of viewers who have received a given change to screen data. In

another embodiment, a chart may display any measure of latency as discussed herein.

[0071] In other embodiments, any chart type may be used, including without limitation a
bar graph, line graph, xy plot, scatter plot, histogram, or pie chart. In still other embodiments
any other visual representation of data may be used, including without limitation icons, color-

codes, and graphics.
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[0072] Referring now to FIG. 9, a block diagram depicting another embodiment of a
display providing to a presenter visual feedback regarding the screen data received by a
plurality of viewers is shown. In brief overview, a display 600 comprises a window for
displaying the current shared visual display 605 and a window 610 for the display of visual

feedback regarding the screen data received by a plurality of viewers 915.

[0073] Still referring to FIG. 9, visual feedback regarding the screen data received by a
plurality of viewers 915 comprises a number of simulated displays with percentages attached
indicating what percentage of viewers may be currently displaying the simulated display. In
some embodiments, any number of simulated displays and percentages may be displayed. In
one embodiment, simulated displays and percentages may be displayed corresponding to a
series of changes in display data. For example, in the embodiment shown, the presentation
comprises a slide show, and the four simulated displays may comprise the four most recent
Siides. The displayed percentages may indicate, for example, that 55% of viewers have
confirmed receipt of the change in visual data corresponding to the most recent slide. The
displayed percentages may also indicate, for example, that 5% of the viewers have yet to
acknowledge receipt of the changes corresponding to the three most recent slides, and thus still

may be viewing the slide shown three slides ago.

[0074] Referring now to FIG. 10, a block diagram depicting an embodiment of a display
providing to a presenter visual feedback regarding the screen data received by a plurality of
viewers in response to input from the presenter. In brief overview, a display 600 comprises a
window for displaying the current shared visual display 605 and a window 610 for the display
of visual feedback regarding the screen data received by a plurality of viewers 1015. The
window 610 also comprises an input mechanism for a presenter to specify a given percentage

of viewers.

[0075] Still referring to FIG. 7, now in greater detail, a window 610 for the display of
visual feedback regarding the screen data received by a plurality of viewers comprises an input
mechanism for a presenter to specify a given percentage of viewers. In the embodiment shown,
a slider 1005 can be set to a given percentage. The feedback display 1015 then displays the
most recent visual change confirmed as received by the given percentage of users. For

example, a presenter to a large number of viewers might want to know when 80% of the
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viewers have received a given change in visual data. The presenter could then set the slider to

80%, and observe the most recent visual change confirmed as received by 80% of the audience.

[0076] In other embodiments, the input device may comprise any other input mechanism,
including without limitation a button, radio buttons, text field, and menu. For example, a
presenter may use a menu to select a given percentage of viewers. Or for example, a menu
could be used to select a given viewer or plurality of viewers, and the feedback display 1015
may then show the visﬂal changes currently confirmed as received by that particular viewer or

plurality of viewers.

[0077}) In other embodiments, previously or currently shared screen data may be selected to
be tracked. In one embodiment, a button or other input device may be provided which allows
the presenter to take a 'snapshot’ of the presenter's current screen to select the shared screen
data to be tracked. In another embodiment, the screen data to be tracked may be automatically
selected. For example, the presenter machine may select the screen data to be tracked by a
statistical computation using the confirmations of receipt received from the viewers such as, for
example, identifying the screen data for which a plurality of the most recent receipts received

correspond.

[0078] The percentage of viewers (or any other statistical measure of viewers) that have
confirmed the screen data being tracked may then be visualized in any manner described
herein. In the embodiment shown, the selected screen data to be tracked is displayed in
window 315 and the percentage of viewers that have confirmed the selected visual change is
visualized using a read-only slider 1005. Or for example, clicking on feedback display 1015
might bring up a list of the particular viewers corresponding to the given feedback. The
presenter may then be able see how many viewers have currently received at least the visual

t 1

data corresponding to that particular 'snapshot'.

[0079) In some embodiments, an input device may be combined with any of the other
feedback displays described herein. For example, the bar graph 815 in FIG. 8 might be made
interactive, such that if a presenter clicked on a given bar, the screen may display a visual
representation of the visual changes confirmed as received by the group of viewers
corresponding to the bar clicked. Or for example, clicking an individual feedback displays 915

in FIG. 9 might bring up a list of the particular viewers corresponding to the given feedback.
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Or for example, a button may be provided which allows the presenter to take a ‘snapshot’ of the
presenter’s current screen to be displayed in one of the individual feedback displays 915 such
as in FIG. 9. The presenter may then be able to see how many viewers have currently received

the visual data corresponding to that particular screen.

[0080] With reference to FIG. 11, a distributed computing environment 100’ having
mutltiple servers 1504, 150B, 150C is shown and described. Although shown as having three
servers 150, any number of servers 150 can be used. In such an environment, each server 150
is also a participant because is receives updates to the shared communications channel 400
from the other servers 150. In large on-line collaboration situations (e.g., a webinar having
thousands of participants) it is difficult for a single server 150 to manage and service the all the
connection requests from the participants. As such, multiple servers 150 are used to balance

the load each server 150 must handle.

[0081] There are numerous on-line collaboration and presentation products that can operate
in the distributed computing environment 100. Exemplary products include, but are not limited
to GOTOMEETING and GOTOWEBINAR offered by Citrix Online, LLC of Santa Barbara
California. Certain aspects and features described above can be embodied in such a product.
Other products include WEBEX EMX, WEBEX ENTERPRISE EDITION, WEBEX EVENT
CENTER, WEBEX GLOBALWATCH, WEBEX MEETING CENTER, WEBEX
MEETMENOW, WEBEX PRESENTATION STUDIO, WEBEX SALES CENTER, WEBEX
TRAINING CENTER, WEBEX WEBOFFICE, AND WEBEX WORKSPACE offered by
WebEx Communications, Inc. of Santa Clara California. Another example is the
LIVEMEETING product offered by of Microsoft Corporation of Redmond, Washington.

Other products include, but.are not limited to, MeetingLinc, LearnLinc, ConferenceLinc,
SupportLinc, iLinc On-Demand, and EventPlus offered by iLinc Communications of Phoenix,

Arizona.

[0082] The previously described embodiments may be implemented as a method, apparatus
or article of manufacture using programming and/or engineering techniques to produce
software, firmware, hardware, or any combination thereof. The term "article of manufacture"
as used herein is intended to encompass code or logic accessible from and embedded in one or
more computer-readable devices, firmware, programmable logic, memory devices (e.g., '
EEPROMs, ROMs, PROMs, RAMs, SRAMs, etc.), hardware (e.g., integrated circuit chip,
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Field Programmable Gate Array (FPGA), Application Specific Integrated Circuit (ASIC), etc.),
electronic devices, a computer readable non-volatile storage unit (e.g., CD-ROM, floppy disk,
hard disk drive, etc.), a file server providing access to the programs via a network transmission
line, wireless transmission media, signals propagating through space, radioc waves, infrared
signals, etc. The article of manufacture includes hardware logic as well as software or
programmable code embedded in a computer readable medium that is executed by a processor.
Of course, those skilled in the art will recognize that many modifications may be made to this

configuration without departing from the scope of the present invention.

[0083] Although the present invention has been described with reference to specific details,
it is not intended that such details should be regarded as limitations upon the scope of the

invention, except as and to the extent that they are included in the accompanying claims.

[0084] What is claimed is:
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CLAIMS

In an on-line presentation environment having a presenter transmitting screen data to
one or more viewers, a method of providing to the presenter visual feedback by scaling
the number of confirmation receipts of screen change data from the one or more

viewers, the method comprising:

analyzing a screen change data set at a first computing device of the on-line

presentation environment;

" tagging, by the first computing device, the screen change data set as requesting

acknowledgement by the one or more viewers;
transmitting the screen change data set to the one or more viewers;

receiving a confirmation of receipt of the tagged screen change data set from at

least one of the one or more viewers;

generating a representation of the tagged screen change data set received by the

one or more viewers in response to receiving the confirmation of receipt; and
displaying the generated representation at the presenter.

The method of claim 1 wherein the analyzing comprises analyzing a screen change data

set at a communication server of the on-line presentation environment.

The method of claim 1 wherein the analyzing comprises analyzing a screen change data

set at a viewer of the on-line presentation environment.

The method of claim 1 wherein the analyzing comprises analyzing a screen change data

set at the presenter of the on-line presentation environment.

The method of claim 1 further comprising determining one or more of the one or more

viewers 1o confirm receipt of the tagged screen change data set.

The method of claim 5 wherein the determining comprises selecting, by the presenter,
one or more of the one or more viewers having an associated bandwidth that exceeds a

predetermined level.
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7. The method of claim 5 wherein the determining comprises comparing, by each of the
one or more viewers, an associated bandwidth with a predetermined bandwidth and
receiving a receipt of confirmation from the one or more of the one or more viewers that

equal or exceed the predetermined bandwidth.

8. The method of claim 5 wherein the determining comprises selecting by an end-user of
the presenter which of the one or more viewers to receive a confirmation of receipt of

the tagged screen change data set.
9. The method of claim 5 wherein the determining occurs periodically.

10. The method of claim 5 wherein the determining comprises randomly selécting one or

more of the one or more viewers to confirm receipt of the tagged screen change data set.

11. A computer readable medium having executable instructions thereon to provide a
presenter of an on-line presentation environment visual feedback regarding the status of
one or more viewers by scaling the number of confirmation receipts of screen change

data by the one or more viewers, the computer readable medium comprising:

instructions to analyze a screen change data set at a first computing device of the

on-line presentation environment;

instructions to tag, by the first computing device, the screen change data set as

requesting acknowledgement by the one or more viewers;
instructions to transmit the screen change data set to the one or more viewers;

instructions to receive a confirmation of receipt of the tagged screen change data

set from at least one of the one or more viewers;

instructions to generate a representation of the tagged screen change data set
received by the one or more viewers in response to receiving the confirmation of

receipt; and
_ instructions to display the generated representation at the presenter.

12. The computer readable medium of claim 11 wherein the instructions to analyze
comprise instructions to analyze a screen change data set at a communication server of

the on-line presentation environment.
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The computer readable medium of claim 11 wherein the instructions to analyze
comprise instructions to analyze a screen change data set at a viewer of the on-line

presentation environment.

The computer readable medium of claim 11 wherein the instructions analyze comprise
instructions to analyze a screen change data set at the presenter of the on-line

presentation environment.

The computer readable medium of claim 11 further comprising instructions to
determine one or more of the one or more viewers to confirm receipt of the tagged

screen change data set.

The computer readable medium of claim 15 wherein the instructions to determine
comprise instructions to select, by the presenter, one or more of the one or more viewers

having an associated bandwidth that exceeds a predetermined level.

The computer readable medium of claim 15 wherein the instructions to determine
comprise instructions to compare, by each of the one or more viewers, an associated
bandwidth with a predetermined bandwidth and receiving a receipt of confirmation
from the one or more of the one or more viewers that equal or exceed the predetermined
bandwidth.

The computer readable medium of claim 15 wherein the instructions to determine
comprise instructions to select by an end-user of the presenter which of the one or more

viewers to receive a confirmation of receipt of the tagged screen change data set.

The computer readable medium of claim 15 wherein the instructions to determine

execute periodically.

The computer readable medium of claim 15 wherein the instructions to determine
comprise instructions to randomly selecting one or more of the one or more viewers to

confirm receipt of the tagged screen change data set.

A computing device that provides a presenter of an on line presentation environment
visual feedback regarding the status of one or more viewers by scaling the number of
confirmation receipts of screen change data by the one or more viewers, the computing

device comprising:
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a processor for executing computer readable instructions; and

a memory element that stores computer readable instructions that when executed

by the processor cause the computing device to:
analyze a screen change data set;

tag the screen change data set as requesting acknowledgement by the one or

more viewers;
transmit the screen change data set to the one or more viewers;

receive a confirmation of receipt of the tagged screen change data set from at

least one of the one or more viewers;

generate a representation of the tagged screen change data set received by

the one or more viewers in response to receiving the confirmation of receipt; and
display the generated representation at the presenter.

The computing device of claim 21 wherein the computing device is a communication

server of the on-line presentation environment.

The computing device of claim 21 wherein the computing device is a viewer of the on-

line presentation environment.

The computing device of claim 21 wherein the computing device is a presenter of the

on-line presentation environment.

The computing device of claim 21 wherein the memory elements also stores
instructions to determine one or more of the one or more viewers to confirm receipt of

the tagged screen change data set.
The computing device of claim 25 wherein the instructions to determine execute
periodically.

The computing device of claim 25 wherein the instructions to determine comprise
instructions to randomly selecting one or more of the one or more viewers to confirm

receipt of the tagged screen change data set.
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