-1- METHOD AND APPARATUS FOR JO NI NG PARTI Cl PANTS | N A COVPUTER

CONFERENCI NG SYSTEM BACKGROUND OF THE | NVENTI ON 1. Field of the Invention

- The present invention relates to the field of net @g ,:] syst ens.
/SpeC|f|caIIy, the present invention relates to th é “shari ng

information in a conputer conferencing system 2. Description of Related.

Art A set of personal corrputers |r1terconnect ed on a netm‘rl@@‘?

effectively used as a conferencing system In such a system each

conf er ence REFkOS! DRIl POIMKTUS o PRIAAAL sagmurgiser having o
conputer, arfll SPEGYPTPERSON RN Sy Stp! K I nterface, and

BACKGROUND OF THE INVENTION
1. Field of the Invention

~ The present invention relates to the field of networked com;'mter

systems. Specifically, the present invention relates to the field of

sharing information in a computer conferencing system.

2. Description of Related Art

A set of personal computers interconnected on a network can be
effectively used as a conféreﬁéing system. In such system, each
conference participant comprises a personal computer user having a
computer, a display screen, a computer network interface, and
typically a mouse or cursor control device. Conference participants
are linked together by a computer network. This network may
comprise either a hard wired Local Area Network (LAN) such as
Ethernet, a telephone modem link, or other conventional data
communications network. Because the conference participants are
linked via a computer network, thé participants do not need to be
located in the same physical space. Rather, an effective conference
may be carried out as participants view common information on their
local display screens and manipulate the information using their local
cursor control devices or other input devices. ,

Several problems are present in these prior art conferencing

systems. In a typical conferencing application, a group of conference



typically a nouse or cursor control device. Conference participants are

|l i nked together by a conputer network. This network may conprise either a
hard wired Local Area Network (LAN) such as Ethernet, a tel ephone nodem

i nk, or other conventional data communications network. Because the
conference participants are linked via a conputer network, the participants
do not need to be located in the sane physical space. Rather, an effective
conference may be carried out as participants view common information on
their local display screens and mepi pul ate the.information using their

| ocal cursor control devices or other input devices. Several problens are
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to a particular meeting or topic under discussion. By sharing
information between conference participants, each participant is able to
view and manipulate the information disbursed during the meeting.
Immediately after a meeting is initiated, a pool of information
collected during the meeting begins to accumulate. As each conference
participant makes modifications or additions to this pool of meeting
information, the individual contributions must be circulated around to
the other conference participants so that each participant has a
complete and up to date copy of the meeting information. It will be
appreciated that maintaining synchronization and currency of the
meeting information among all conference participants is a difficult
task and may involve the transfer of large amounts of information.
This task is complicated by the fact that during the course of the
meeting, individual conference participants may disconnect from the
conference or other new conference participants may join the meeting
after the collection of meeting information has already begun. In other
situations, a particular conference participant may disconnect from the
conference only to rejoin at some later time. In these and other
situations, it becomes necessary to bring a joining or rejoining
conference participant into synchronization with the other conference
participants. This synchronization involves providing the joining

participant a current copy of the cumulative meeting information.



-2- participants linked via a network share common i nformation pertaining
to a particular neeting or topic under discussion. By sharing information
het ween conference participants, each participant is able to view and
mani pul ate the information disbursed during the nmeeting. Imrediately after
a neeting is initiated, a pool of information collected during the neeting
begins to accunmul ate. As each conference participant makes nodifications or
additions to this pool of neeting information, the individual contributions
must be circul ated around to the-o8her conference participants so that each
partici pant has a conplete and up to date copy of the neeting information.

't wll be Because of the complexity of this problem, prior art '
conferencing systems have solved the problem in two basic
unsatisfactory ways. ‘In a first prior art soluticn, all conference
parti'cipants are required to join at the beginning of a meeting. In this
manner, all conference participants are in synchronization from the
start of the meeting and no joining participant synchronization problem
is encountered. This prior art restriction clearly limits the
effectiveness of a typical conferencing solution.

In a second prior art solution to the joining participant
synchronization problem, some prior art systems bring a joining or
rejoining participant into synchronization with other conference
particibants by sending the joining participant the entire content of the
pool of meeting information collected up to that point. Although this
solution solves the joining participant synchronization problem, the
solution produces a tremendous processing and data transmission load
over the conferencing network. Because a typical collection of
meeting information may comprise many megabytes of information,
the transfer of an entire set of meeting information to a joining or
rejoining participant may severely degrade conference performance.

In a third prior art solution to the joining conference participant
synchronization problem, some prior art systems simply do not
provide the joining participant with any of the meeting information

collected from the start of the meeting up to the time the new



éppreciated t hat mai ntai ning synchroni zati on and currency of the neeting
informati on anong all conference participants is a-difficult task and nmay
i,nvol ve the transfer of large anounts of information. This task is
conplicated by the fact that during the course of the neeting, individual
conference participants nmay di sconnect fromthe conference or other new
conference participants may join the neeting after the collection of
nmeeting information has already begun. In other situations, a particular
conference participant nmay di scoanéct fromthe conference only to rejoin at
sone later tinme. In these and other situations, it becomes necessary to
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joining participant is unable to view the information collected prior to

joining. Therefore, the utility of the conference for the joining
participant is severely hampered. In basic terms, the prior art has been
unable to provide an effective and cost efficient capability for merging
a joining or rejoining conference participant into an ongoing meeting.
Thus, a better method and apparatus for joining participants in a

conferencing system is needed.



-3- Because of the conplexity of this problem prior art conferencing
systenms have solved the problemin two basic unsatisfactory ways. In a
first prior art solution, all conference participants are required to join
at the beginning of a neeting. In this manner, all conference participants
are in synchronization fromthe start of the nmeeting and no joining
partici pant synchroni zation problemis encountered. This prior art
restriction clearly limts the effectiveness of a typical conferencing
solution. In a second prior art soéution to the joining participant

SUMMARY OF THE INVENTION

The present invention is an apparatus and method for joining
participants in a conferencing system. In a computer conferencing
system having a plurality of participants coupled by a communication
medium, each participant of the plurality of participants having a
meeting manager, a process and apparatus is disclosed for joining
participants in the conferencing system. This process comprises the
steps of: 1) collecting public meeting information generated by any of
the plurality of participants, the public meeting information includes
zero or more pages of annotations; 2) receiving a connection indication
from a joining participant; 3) receiving joining meeting information
from the joining participant; 4) comparing the public'meeting
information with the joining meeting information and generating a set
of differences; and 5) selectively sending the set of differences to the
joining participant or the plurality of participants or both the joining
participant and the plurality of participants. The process of the present
invention further includes the step of collecting private meeting
information from a local participant in which the meeting manager is
resident. The private meeting information is different from the public
meeting information and the private meeting information is not
accessible to participants of the plurality of conference participants
other than the local participant. In the present invention, one and only

one participant of the plurality of participants is assigned an arbitrator




synchroni zation problem sone prior art systems bring a joining or
rejoining participant into synchronization wth other conference
participants by sending the joining participant the entire content of t he
pool of neeting information collected up to that point. Although this
solution solves the joining participant synchronization problem the

sol ution produces a trenendous processing and data transm ssion | oad over

t he conferencing network. Because a typical collection of neeting

i nformati on may conprise many negabytes of information, the transfer of an
entire set of neeting information™t® @ joining or rejoining participant nmay
severely degrade conference performance. In a third prior art solution to

L2 oS GERHRLEG E ha AEAAT OIS TR e o o
meeting i NpakiEipadlis denoted as the arbitrator participant.

. Itis therefore an advantage of the present invention to provide a
means and method for merging joining participants into an ongoing
meeting. It is a further advantage of the present invention that the
merging process eliminates the unnecessary transfer of information
across the conferencing network. It is a further advantage of the
present invention that the meeting information collected for two
conference participants can be compared and merged into a single
composite collection of meeting information. It is a further advantage
of the present invention to assign one conference participant as the
arbitrator for a meeting. It is a further advantage of the present
invention that the meeting structure is distinct from the meeting data,
thus, the merge process is quicker and unnecessary transfer of data is
avoided.

These and other advantages of the present invention are fully
described in the following detailed descﬁpﬁbn of the preferred

embodiment.
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collected fromthe start of the neeting up to the tinme the new -4-
participant joins the conference. Again, in this prior art solution, the
joining participant synchronization problemis avoided. However, the
joining participant is unable to view the information collected prior to
joining. Therefore, the utility of the conference for the joining
participant is severely hanpered. In basic terns, the prior art has been
unabl e to provide an effective and cost efficient capability for nmerging a
joining or rejoining conference pafttcipant into an ongoi ng meeting. Thus,
a better nmethod and apparatus for joining participants in a

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram illustrating the computer system

hardware used in the preferred embodiment of the present invention.
Figure 2 illustrates a block diagram illustrating the basic
architecture of the software of the present invention.

Figure 3 illustrates a typical conferencing network comprising
two existing conference participants and a joining conference
participant. ‘

Figure 4 illustrates several information compohents manipulated
by the present invention. .

Figure § illustrates the components of pages as manipulated in
the present invention.

Figure 6 illustrates the content of the participant list.

Figure 7 illustrates the content of a participant object.

Figure 8 illustrates the content of a placeholder participant
object.

Figure 9 is a flowchart illustrating the processing logic for the
initial connection event as proéessed by the present invention.

Figure 10 illustrates the content of a message as transferred in
the present invention.

Figure 11 illustrates a sample participant object message.

Figure 12 illustrates the participant message queue

Figure 13 illustrates the arbitrator message queue.



_donferenci ng systemis needed. -5- SUMWARY OF THE | NVENTI ON The present
I nvention is an apparatus and nethod for joining participants in a

conf erenci ng system

In a conmputer conferencing systemhaving a plurality

of participants coupled by a comuni cation nedium each participant of the
plurality of participants having a neeting nmanager, a process and appar at us
I's disclosed for joining participants in the conferencing system This
process conprises the steps of: 1) collecting public neeting information

generated by any of
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Figures 14 and 15a illustrate the processing logic used in the

present invention for processing a new participant event.

. Figure 15b illustrates the content of a message list.

Figure 16 illustrates the processing used in the present invention

for processing a new participant index event.

Figures 17 through 19 illustrate the processing used in the

present invention for processing a request merge event.

Figure 20 illustrates. the processing logic used in the present

invention for handling a merge complete event as processed by the

arbitrator.

Figure 21 illustrates the processing used in the present invention

for handling a merge complete event as viewed from a joining

participant.

Figures 22 and 23 illustrate the processing logic used in the

present invention for handling a merge page list event.

Figures 24 and 25 illustrate the processing logic used in the

present invention for processing a merge annotation list event.



the plurality of participants, the public neeting information includes zero
or nore pages of annotations; 2) receiving a connection indication froma
joining participant; 3) receiving joining neeting information fromthe
joining participant; 4) conparing the public neeting information with the
joining neeting informati on and generating a set of differences; and 5)

sel ectively sending the set of differences to the joining participant or
the plurality of participants or both the joining participant and the
plurality of participants. The p[ogess of the present invention further

i ncl udes the step of collecting prfvate neeting information froma | ocal
participant in which the neeting manager is resident. The private neeting
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private meeting Information Is not accessible to particlpants of the
plurality of corfke¢ presenpanvemicmi¥ an apparatus and method for joining

participants in a conferencing system. In the following detailed
description, numerous specific details are set forth in order to provide
a thorough understanding of the present invention. However, it will be
apparent to one of ordinary skill in the art that these specific details
need not be used to practice the present invention. In other instances,
well-known structures, interfaces, and processes have not been shown
in detail in order not to obscure unnecessarily the present invention.
Referring now to Figure 1, a block diagram of the computer
system hardware used in the preferred embodiment is illustrated. The
computer system used in the preferred embodiment comprises a bus
100 for communicating information between computer system
components. These components coupled to bus 100 include processor
101. In the preferred embodiment, processor 101 is an i486 brand
microprocessor manufactured by Inte] Corporation, Santa Clara,
California. The i486 mark is a trademark of Intel Corporation. Tt will
be apparent to those of ordinary skill in the art that other eqﬁiva]ent
processors may be used with the present invention. Other system
components include Random Access Memory (RAM) 102, Read Only
Memory (ROM) 103, and mass storage device or disk drive 104. The
computer system of the preferred embodiment also includes display

device 105 coupled to the bus 100 for displaying information to a



other than the local participant. In the present invention, one and only
one participant of the plurality of participants is assigned an arbitrator
-6- status, the arbitrator status being dynamically nodifiable. The one
participant is denoted as the arbitrator participant. It is therefore an
advant age of the present invention to provide a nmeans and method for
nmerging joining participants into an ongoing neeting. It is a further
advant age of the present invention that the merging process elimnates the
unnecessary transfer of infornatiq% across the conferencing network. It is
a further advantage of the - N

computer user, an alphanumeric input device 106 coupled to the bus
100 for communicating information and command selections to the
processor 101, a pointing device or cursor control device 107 coupled
to the bus 100 for communicating information and command selections
to processor 101, and a signal generation device 112 coupled to the bus
100 for communicating command selections to the processor 101.
Display device 105 may be a liquid crystal device, a cathode ray tube,
or other suitable display device. Alphanumeric input device 106 is
typically an alphanumeric or function key keyboard. Pointing device
or cursor control device 107 is typically a mouse or trackball device
allowing the computer user to dynamically signal the two dimensional
movement of a visible symbol (i.e. cursor) on the display screen of
display device 105. Many implementations of the cursor control
device 107 are well known in the art including trackball systems,
mouse systems, joysticks, or special keys on the alphanumeric input
device 106 capable of signaling movement in a given direction. Si;gnal
generation device 112 is typically implemented as a button or switch
located on or near the cursor control device 107. The physical
proximity of cursor control device 107 and signal generation device
112 allows a user to manipulate both devices simultaneously with one
hand. The signal generation device may be operated between two

control states: an active control state typically initiated by depression of



present invention that the neeting information collected for two conference
participants can be conpared and nerged into a single conposite collection
of neeting information. It is a further advantage of the present invention
to assign one conference participant as the arbitrator for a neeting. It is
a further advantage of the present invention that the neeting structure is
distinct fromthe neeting data, thus, the nerge process is quicker and
unnecessary transfer of data is avoided. These and ot her advantages of the
present invention are fully descrijged in the follow ng detailed description
of the preferred enbodi nent.

a mouse button, and an inactive control state typically initiated by
releasing the mouse button. _

The computer system used in the preferred embodiment also
includes a communication interface 108. Communication interface 108
is coupled to communication medium 110. Communication interface
108 provides a means for the computer system to communicate with a
network of other computer systems. A variety of networks or
communication media are well-known in the art. These
communication media 110 include well-known Local Area Networks
(LAN) such as Ethernet, Wide Area Networks (WAN), telephone
modem links, wireless or cellular, or other well-known and
conventional compﬁter networking technology. The configuration and
interconnection of computer system components as illustrated in Figure
1 is well known to those of ordinary' skill in the art.

Referring now to Figure 2, a block diagram of the software
architecture 205 of the present invention is illustrated. The present
invention comprises software operably disposed within random access
memory (RAM) 102 and executed by processor 101. The software
205 of the present invention comprises a meeting manager component
210, a human interface component 212, a Communications Interface
(CI) component 216, and an optional mass storage interface component
214, The meeting manager 210 comprises data structures and

processing logic for implementing the features of the present



BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a block diagramillustrating
the conputer system hardware used in the preferred enbodi ment of the
present invention. Figure 2 illustrates a block diagramillustrating the
basic architecture of the software of the present invention. Figure 3
illustrates a typical conferencing network conprising two existing
conference participants and a joining conference participant. Figure 4
illustrates several information components manipul ated by the present
i nvention. Figure 5 illustrates-t hé tonponents of pages as nanipulated in
t he present invention. '

invention. These data structures and the processing logic of meeting

manager 210 are the subject of Figures 4-25 as presented in detail in

the remaining portions of the detailed description of the preferred

embodiment provided herein. Human interface component 212

comprises processing logic for displaying information on display

device 218 and for processing user input provided through user input

device 220. User input device 220 includes alphanumeric input device

106, pointing device or cursor control device 107, a signal generation

device or mouse button 112, and other conventional devices for

providing user input to a computer system. The human interface 210

in the preferred embodiment of the present invention performs mainly

a function of displaying status information to a user on display device

218. Conventional methods exist for providing this display function.

In other situations, human interface 212 provides command selections

and other information to meeting manager 210 via interface 232. The

information so provided will be described below in connection with the

detailed description of meeting manager 210.

The preferred embodiment provides a capability for storing

meeting information on a mass storage device or hard disk 222.

Similarly, previously stored meeting information may be retrieved

from mass storage device 222 through mass storage interface 214 and

provided to meeting manager 210. The permanent storage of meeting

information is advantageous in the present invention; because,



Figure 6 illustrates the content of the participant list. Figure 7
Illustrates the content of a participant object. Figure 8 illustrates the
content of a placeholder participant object. Figure 9 is a flowchart
illustrating the processing logic for the initial connection event as
processed by the present invention. Figure 10 illustrates the content of a
nmessage as transferred in the present invention. Figure 11 illustrates a
sanpl e partici pant object nessage. Figure 12 illustrates the participant
nmessage queue Figure 13 il lustratéd the arbitrator nmessage queue.

conference participants may disconnect from a meeting and retain the
meeting information generated up to that point on mass storage device
222. At a subsequent time, the conference participant may rejoin the
meeﬁng and recover the information previously stored on mass storage
device 222. This capability allows a more efficient synchronization
with other conference participants using the techniques of the present
invention. The low level details of mass storage interface 214 and
mass storage device 222, however, are well known to those of ordinary
skill in the art.

Communications Interface (CI) 216 provides an interface with
communications medium 224. The techniques of the present invention
are generally applicable to any computer network or data
communication medium including local area networks (LAN), wide
area networks (WAN), telephone modems communication links,
wireless communications links, or any other form of communications
medium. Any data communications medium providing a capability for
conferencing two or more conference participants can benefit by the
techniques taught by the present invention. Thus, the communications
interface component 216 comprises processing logic and data specific
to the communications medium 224 being used for a particular
conferencing application. These low level communications interface
details for a particular network are well known to those of ordinary

skill in the art. In addition, techniques for message passing across a



-8- Figures 14 and 15a illustrate the processing logic used in the present

I nvention for processing a new participant event. Figure 15b illustrates
the content of a nessage list. Figure 16 illustrates the processing used in
the present invention for processing a new participant index event. Figures
17 through 19 illustrate the processing used in the present invention for
processing a request nmerge event. Figure 20 illustrates the processing

|l ogic used in the present invention for handling a nerge conplete event as
processed by the arbitrator. Figurg 21 illustrates the processing used in
the present invention

network are well known in the art. In general, communications
interface 216 provides an indication to meeting manager 210 across
interface 236 when a new conference participant connects to
communications medium 224 or when a message transferred across
communications medium 224 arrives for processing by meeting
manager 210. In either of these two cases, communications interface
216 provides notification and messages to meeting rﬁanager 210 across
interface 236. The information provided to meeting manager 210 by
communications interface 216 is discussed in detail in connection with
Figures 4-25 as described below.

Referring now to Figure 3, a typical example of a data
conferencing configuration using the present invention is illustrated.
This sample data conferencing configuration comprises two conference
participants 310 and 312 and a joining conference participant 314
coupled via communications medium 315. It will be apparent to one of
ordinary skill in the art that any number of conference participants
may be joined via a communications medium in the manner as
illustrated in Figure 3. In the example of Figure 3, each of the
conference participants 310, 312, and 314 execute the meeting manager
processing logic of the present invention. Similarly, each of the
conference participants include a communications interface coupled
between communications medium 315 and meeting manager processing

logic (i.e. 320, 324, and 340, respectively). The meeting manager



for handling a nerge conplete event as viewed froma joining participant.
Figures 22 and 23 illustrate the processing logic used in the present
invention for handling a nmerge page list event. Figures 24 and 25
“illustrate the processing logic used in the present invention for
processing a nmerge annotation |list event. -9- DETAI LED DESCRI PTI ON OF

THE PREFERRED EMBODI MENT The present invention is an apparatus and net hod

for joining participants in a cgnigrgncing system In the follow ng

detai |l ed
software and the communications interface software in each of the
conference participants is substantially the same logic. Thus, each
conference participant includes the same conferencing capabilities as
any -other conferencing participant. The one exception to this rule is
the assignment of an arbitrator participant.

The arbitrator participant state is the initial state of a Meeting

Manager (320 for example) before any connections have been made.
In order to join a conference, the conference joiner must by means of
the Human Interface 212 initiate the connection process to another
conference particiant, for example 312 or 314. Subsequent to this
user event, the Human Interface 212, sends a message to the Meeting
Manager 320 to reset the arbitrator state by setting variable 323 with
the identity of conference participant 312. The connection process
proceeds through the Communications Interface 322. The result of
this connection process is an initial connect event (see Figure 9, step
912) received by both conference participants. However, because one
participant intiated the connection and the other participant received
the connection, the first participant is the conference joiner, and the
second participant is the arbitrator. Once two participants are joined
in a conference, conference participants (310 and 312 for example) are
prevented from initating a connection process with a potential
conference joiner 314, for example, by means of disabling this option

in the Human Interface 212. The conference joiner always initiates the



descri ption, numerous specific details are set forth in order to provide a
t horough understanding of the present invention. However, it will be
apparent to one of ordinary skill in the art that these specific details
need not be used to practice the present invention. In other instances,
wel | -known structures, interfaces, and processes have not been shown in

detail in order not to obscure unnecessarily the present invention.
Referring now to Figure 1, a bl ock diagramof the conmputer system hardware
used in the preferred enbodi ment- i1$ i-l | ustrated. The conputer system used

in the preferred enbodi nent conprises a bus 100 for communicating
i nformati on between conputer system conponents. These conponents coupled to
bus 100 i neonaectionprosess. 1Dhrough thie proedss; vaty enbedinfEer@ncepr ocessor 101
‘is an 1486 brand m croprocessor nmanufactured by Intel Corporation, Santa
dara, participant can have the arbitrator participant status as all the

participants join the conference.

If two joiners were to attempt to begin a conference by initiating

the connection process to one another at the same time, both joiners

would reset the arbitrator status as described above. However, one or

both connection processes would fail. On this error event, the

Communicatations Interface 216 causes a message to be sent to the

Meeting Manager 210 to set the arbitrator status again. As a result of

this message, the Meeting Manager 210 checks to see if a connection

event as described in connection with Figure 9 had occured while not

in the arbitrator participant state. If so, this would indicate the case

where one joiner's connection process to the current participant

succeeded, while the current participant's connection process to the

first failed. In this case, the participani queue is not empty. For each

message found in the participant queue, the arbitrator participant

repeats steps 926, 928, and 930 shown in Figure 9. Because the

current participant is now the arbitrator again, any messages in the

arbitrator message queue are not needed and are destroyed.

The arbitrator status may be changed to a different participant at
any time during a meeting. The arbitrator status may be transferred
from one conference participant to another; however, only one

conference participant in the conference may carry the arbitrator status



California. The 1486 mark is a trademark of Intel Corporation. It will be
apparent to those of ordinary skill in the art that other equival ent
processors may be used with the present invention. Qher system conponents
i ncl ude Random Access Menory (RAM 102, Read Only Menory (ROM) 103, and
mass st orage devi.ce or disk drive 104. The conputer system of the preferred
embodi nent al so incl udes dlsplay 28V|ce 105 coupled to the bus 100 for

di splaying information to a conput er user, an al phanuneric i nput
devi ce 106 coupled to the bus 100 for conmmunicating information and command

sel ections to the
at any one time. The arbitrator status is maintained by setting a state

variable within the meeting manager of each conference participant.
The state variable contains the idenﬁty of the assigned arbitrator
parti'cipant. For example, referring to Figure 3, conference
participant 310 may be assigned as the arbitrator by setting variable
323 with the identity of conference participant 310. Similarly, the
variable 327 in conference participant 312 is also set to the identity of
conference participant 310. Once joining participant 314 is notified of
the identity of the arbitrator participant after the joining process has
been completed; the variable 341 in meeting manager 340 will contain
the identity of arbitrator participant 310. In this manner, the one and
only one arbitrator participant is defined for all conference participant
in the conference.

Figure 3 illustrates a typical data conferencing configuration
comprising a plurality of conference participants. In a typical
conference scenario, two or more conference participants will initiate a
conference or meeting by connecting to each other across
communications medium 315. In the example of Figure 3, conference
participants 310 and 312 initially create a meeting (i.e. a connection)
with each other across communications medium 315. As the meeting
progresses, information is shared between participant 3'10 and
participant 312 as controlled by meeting manager 320 and meeting

manager 324 of each respective conference participant. The arbitrator



processor 101, a pointing device or cursor control device 107 coupled to -
the bus 100 for comrunicating informati on and command sel ections to
processor 101, and a signal generation device 112 coupled to the bus 100
for conmuni cati ng command sel ections to the processor 101. Display device
105 may be a liquid crystal device, a cathode ray tube, or other suitable
di spl ay device. Al phanuneric input device 106 is typically an al phanuneric
or function key keyboard. Pointinhgglevice or cursor control device 107 is
typically a nouse or trackball device allow ng the conputer user to
dynanically signal the two dinensional novenent of a visible synbol (i.e.

cursor) on pafgcipan) confersmeerpaticipan 30 ettis exafifple Msmesponsiblent at i ons

of the cursSor control device 107 are well known in the art including
trackbal | $ysheaintainingsend yiésporsing thesturcdrst, amd copmdatave mgeting t he
al phanuneric i nput '

information. As conference participants join the conference

subsjequent to the initiation of a meeting, such as conference joiner 314,

arbitrator participant 310 is responsible for communicating with

meeting manger 340 of joining participant 314 to merge the joining

participant 314 into the conference. The techniques for performing

this merge and join operation are described in the subsequent figures

and detailed description of the present invention.

Referring now to Figure 4, three basic objects manipulated by
meeting manager control logic 410 are illustrated. These basic
components include public meeting information 412, private meeting
information 414, and meeting participant information 416. The basic
paradigm used in the present invention is a set of conference
participants all sharing meeting information. This meeting
information comprises multiple pages of drawing annotations, graphic
annotations, or text annotations.

Referring to Figure 5, the content of a page of meeting
information in the present invention is illustrated. As shown, pages
510 include drawing annotations 512, which include graphic objects
comprised of a plurality of graphic primitives such as line segments,
arcs, polygons, or other drawing annotations created using typical

drawing tools. Pages 510 also include graphic annotations 514 which



device 106 capable of signaling novenent in a given direction. Signal
generation device 112 is typically inplenented as a button or swtch

| ocated on or near the cursor control device 107. The physical proximty of
cursor control device 107 and signal generation device 112 allows a user to
mani pul ate both devices simultaneously w th one hand. The signal generation
devi ce may be operated between two control states: an active control state
typically initiated by depression of -11- a nouse button, and an

i nactive control state typically initiated by rel easing the nouse button.

typically comprise bit map graphics defined in terms of individual
pixels or groups of pixels. Graphic annotations 514 may also include
video data provided as part of a meeting page. Pages 510 also
comprise text annotations 516 which comprise strings of text and
control characters. Each page has an annotation list associated with the
pagé. The annotation list represents the set of annotations that belong to
a page.

Referring again to Figure 4, meetings in the present invention
comprise a plurality of pages of information in the form of
annotations. These pages are linked togér.her in a manner described in

detail in co-pending patent application serial number

filed concurrently with the present application. As a meeting between
conference participants progresses, pages of meeting information
created in the form of annotations are created and added to the list of
pages for the meeting. Upon completion of a meeting, these pages of
information are retained on mass storage device 222 under a meeting
file identifier. This meeting information may subsequently be recalled
using this file identifier.

In the present invention, two page lists are maintained by the
meeting manager 410 of each conference participant. A public
meeting page list 418 and a private meeting page list 422 is maintained
by each conference participant. The public meeting page list 418 is

used for the storage of pages that are shared among each of the



The conputer systemused in the preferred enbodi nent al so includes a
comuni cation interface 108. Communication interface 108 is coupled to
comuni cati on nmedi um 110. Communi cation interface 108 provides a nmeans for
the conputer systemto comunicate with a network of other conputer

systens. A variety of networks or conmunication nedia are well-known in the
art. These comuni cation nedia 110 i nclude wel|l-known Local Area Networks
(LAN) such as Ethernet, Wde Area Networks (WAN), tel ephone nodem |inks,
wireless or cellular, or other wel3d0 khown and conventi onal conputer
net wor ki ng technol ogy. The configuration and interconnection of conputer
system conponents as illustrated in Figure 1 is well known to those of

;)Lgi nat tymzlrsééﬁferéﬂbé partiipantSe’ Ay i0Tehe Quriference yaetigipantdmgkvidvagr am of
or manipulate the annotation information maintained in the public
meeting page list 418. A current page identifier 420 is used to identify
the individual page of page list 418 that is currently being viewed by
each of the conference participants. Private meeting page list 422 is
used for storage of meeting information that is visible and manipulated
only by the conference participant in which the private pages are
resident (i.e., the local participant). In this manner, a conference
participant may retain information in the private meeting page list 422
that is not visible or manipulated by other conference participants. As
described in the above-referenced co-pending patent application, the
present invention provides a means for linking the private pages of
page list 422 with the public pages of page list 418. The present
invention also provides a current page identifier 424 used to identify
the private page currently viewable by the local participant.

The meeting manager 410 also manages a participant list 426
which comprises a list of meeting participants. This list 426 defines
" the set of conference participants currently known to meeting manager
410. This list 426 includes the identity of the arbitrator 428, the
identity of the local participant 430, and the identity of other
conference participants 432. This content of participant list 426 is

illustrated in more detail in Figure 6.



architecture 205 of the present invention is illustrated. The present

I nvention conprises software operably di sposed within random access nenory
(RAM 102 and executed by processor 101. The software 205 of the present

i nvention conprises a neeting manager conponent 210, a human interface
conponent 212, a Communi cations Interface (Cl) conponent 216, and an
optional mass storage interface conponent 214. The neeting manager 210
conprises data structures and pro§ﬁ55|ng |l ogic for inplenmenting the
features of the present - 12 - “'nvention. These data structures and the
processing | ogic of neeting

Referring now to Figure 6, the content of the participant list 610
used in the preferred embodiment is illustrated. The meeting manager
of each conference participant maintains a current list of conference
pmﬁcipmts currently connected to a meeting. In order to maintain
meeting information synchronization between conference participants,
the participant list maintained by each participant should contain the
same information. This information comprises a list of participant-
identifying information maintained in the form of objects. Because the
preferred embodiment of the present invention is written in the C++
programming language, an object is a convenient form for storage of
participant information.

Note that the discussion herein of various embodiments refers
specifically to a series of routines which are generated in a high-level
object-oriented programming language (e.g., the Microsoft C/C++
Version 7.00 language) available from Microsoft, Inc. Redmond, Wa.
This series of routines is compiled, linked, and then run as object code
in a system such as the one illustrated in Figure 1. It can be
appreciated by one skilled in the art, however, that the following
method and apparatus may be implemented in special purpose
hardware devices, such as discrete logic devices, large scale integrated
circuits (LSI's), application-specific integrated circuits (ASIC's), or
other specialized hardware. The description here has equal application

to apparatus having similar function.



manager 210 are the subject of Figures 4-25 as presented in detail in the
remai ni ng portions of the detailed description of the preferred enbodi nent
provi ded herein. Human interface conponent 212 conprises processing |ogic
for displaying information on display device 218 and for processing user

I nput provided through user input device 220. User input device 220

I ncl udes al phanuneric input device 106, pointing device or cursor control
devi ce 107, a signal generation device or nouse button 112, and ot her
conventional devices for providing user input to a conputer system The
human interface 210 in the preferr enbodi nent of the present invention
performs mainly a function of dréﬁﬁgYing status information to a user on
di spl ay device 218. Conventional methods exist for providing this display

fsgrgélt iog-ns' N ot Ghe Bf tHemAN DendFIR of ithe PréRaR inventisPls ffst themmand
structure of a meeting is distinct from the meeting data itself. As
described above, a meeting is comprised of a participant list, page lists,
and annotation lists. These lists and the objects that the lists identify
represent the structure of a particular meeting. The actual object data
that the identified objects represent is separable from the meeting
structure itself. For example, a meeting may include a page which
includes a graphic annotation with a given identifier. The graphic
annotation itself may comprise a large bitmap of data; however, the
meeting structure only needs to represent the graphic annotation by its
identifier. The object data is thereby made distinct from the object
structure. The separation of object structure from the object data itself
provides an optimized merge process. That is, in order to merge
meetings, only the structure of the meeting, which is typically small in
size, is needed. The large amounts of object data are separated from
the meeting structure and the transfer of such data is suppressed during
the merge process.

Referring now to Figure 7, the types of participant identifying
information maintained in a participant object 710 is illustrated.
Participant object 710 comprises user identifying information 712
which includes user name, address, telephone number, and other user
identifying information. Participant object 710 also includes

connection information 714 used to associate the participant with a



and other information to neeting nmanager 210 via interface 232. The

I nformation so provided will be described belowin connection with the
detail ed description of nmeeting manager 210. The preferred enbodi nent

provi des a capability for storing neeting information on a nmass storage
device or hard disk 222. Simlarly, previously stored neeting information
may be retrieved from mass storage device 222 through nass storage
interface 214 and provided to nmeeting manager 210. The permanent storage of
meeting information is advantageod3 +n the present invention; because, -
13 -

particular network channel or input/output port on the communication
medium. Participant status defines the current state of the participant
with whom participant object 710 is associated. The current page
infoﬁnation 718 defines the current public meeting page and the
current private meeting page as described in connection with Figure 4.
It will be apparent to one of ordinary skill in the art that other
information pertinent to a particular conference participant may be
maintained within participant object 710.

Referring now to Figure 8, a variation of the participant object
data structure is defined for a placeholder participant object 810.
Placeholder participant object 810 is used for joining conference
participants while the joining participant is being merged into the
meeting and before all other conference participants become aware of
the joining participant. The placeholder participant object 810 is used
as a place holder in participant list 610 until a full participant object
710 can be generated for the joining participant. Once this occurs, the
placeholder participant object 810 is replaced by the corresponding
participant object 710 in participant list 610. This process is described
in more detail below in connection with the flowcharts of the
processing logic of the present invention.

The "placeholder” participant object has the same structure as
participant object as shown in Figure 7; however, the placeholder

participant may only contain connection information, while the



conference participants may di sconnect froma nmeeting and retain t he
nmeeting information generated up to that point on mass storage device 222.
At a subsequent time, the conference participant nmay rejoin the neeting and
recover the information previously stored on mass storage device 222. This
capability allows a nore efficient synchronization with other conference
participants using the techniques of the present invention. The | ow | evel
details of mass storage interface-224 and nmass storage device 222, however
are well known to those of ordinary skill in the art. Conmunications
Interface (Cl) 216 provides an interface with conmunications nedi um 224.

The techni . t. t inpvention are neral Ly applicable to any
co(rarpu?gr_mn '?%@Bgrﬂggﬁégﬁﬁwﬁ N PBH‘%&HF%%H?@&S?%QWS&m area networks
(LAN), W dgnknown. The importance of the placeholder participant object is to

maintain every conference participant's participant list in the same
order as the arbitrator participant's participant list. By this
mechanism, messages between conference participants may identify and
retrieve information in the participant list based on the participant list
index which is assigned by the arbitrator participant as described in
connection with Figure 14,

Placeholder participant object 810 includes the same information
as a participant object such as user identifying information 812. For a
joining participant however, the user identifying information may not
be immediately available. In this case, a joining user code can be used
in user identifying information 812 to specify the user identifying
information 812 as being undefined. Connection information 814 is
typically available for a joining participant as the connection is made
through communications interface 216. The participant status 816 is
set to a joining state for a joining participant and current page 820 is
set to a null or unassigned value.

Referring again to Figure 6, participant list 610 includes a list of
participant objects (for example, participant objects 612, 614 and 616).
Participant list 610 also includes a list of joining of participant objects
(for example, placeholder participant object 618). Participant list 610

also includes space for other participant objects (for example,



area networks (WAN), tel ephone nodens communi cation |inks, wreless

communi cations links, or any other form of comrunications nmedium Any data

conmruni cat i ons nmedi um providing -a capability for conferencing two or nore
conference participants can benefit by the techniques taught by the present
Thus, the communi cations interface conponent 216 conprises

i nventi on.

processing logic and data specific t

used for a particular conferencing |7 cation. These | ow | evel

comuni cations interface details for a particular network are well
those of ordinary skill in the art. In addition, techniques for nessage
passi ng acrunassigned locations 620 and 622) as other conference participants join

a meeting.

Each participant object (and therefore each conference
parti;:ipant) is assigned a unique participant list index 624. The
participant list index 624 identifies the location of a participant object
within participant list 610. As newly connected participants join a
meeting, the joining participant is assigned a location in participant list
610 and assigned a corresponding participant list index 624. The
joining participant uses the allocated participant list index during the
process of merging into the meeting. This merge process is described
in detail below in connection with the flowcharts of the present
invention.

Referring now to Figure 9, a flowchart describes the processing
logic for an initial connection event as a joining participant initially
connects to an existing conference participant through communication
medium 110 and communications interface 216. Communications
interface 216 recognizes and initial connection by a joining participant
in a conventional manner. This initial connection event may be an
initial network message from a new participant or a telephone call
received via a telephone modem. Once communications interface 216
establishes a low level connection with the joining participant,
communications interface 216 notifies the meeting manager 210 via

interface 236 in processing block 912. The existing conference

t he communi cati ons nedi um 224 bei ng

known to



- 14 - network are well known in the art. In general, conmunications

I nterface 216 provides an indication to neeting nanager 210 across

i nterface 236 when a new conference partici pant connects to comruni cations
medi um 224 or when a nessage transferred across communi cati ons medi um 224
arrives for processing by neeting manager 210. In either of these two
cases, communications interface 216 provides notification and nessages to
nmeeti ng manager 210 across interfac§g336. The information provided to

meeti ng manager 210 by communicatio imterface 216 is discussed in detail

I n connection with Figures 4-25 as described below. Referring now to Figure

3, 2 YDi CYar XA FollivfhBeitiRRT E5RNGHSh OB GRS attilrifbd e present
participant status variable 323 or 327 to determine if the receiving
participant is the arbitrator (decision block 914). If the receiving
participant is the arbitrator, processing path 916 is taken to processing
block 926 where a placeholder participant object is allocated in
participant list 610 at the next available (i.e. unassigned) position in the
arbitrator's partiéipant list. The participant list index of the joining
participant is retained. This participant list index is included in a
network message generated by the arbitrator and sent to the joining
participant via communications medium 110.- This message with the
new participant index notifies the joining participant of its position in
the arbitrator's participant list (processing block 928). Having sent a
participant index message to the joining participant, the arbitrator then
sends a copy of its own arbitrator participant object to the joining
participant in an arbitrator participant object message in processing
block 930. Processing for an initial connection event received by an
arbitrator participant then terminates through return bubble 938
illustrated in Figure 9.

Digressing briefly to Figures 10 and 11, a description of the
message structure used for passing messages across communication
medium 110 is illustrated. In the preferred embodiment, the message
structure 1010 comprises a message type 1012, a message destination

address 1014, a message origin 1016, and a message body 1018 which



Tﬁis sanpl e data conferencing configuration conprises two conference
participants 310 and 312 and a joining conference participant 314 coupl ed

via conmmuni cations nedium 315. It will be apparent to one of ordinary skill
in the art that any nunber of conference participants may be joined via a
communi cations nediumin the manner as illustrated in Figure 3. In the

exanpl e of Figure 3, each of the conference participants 310, 312, and 314

execute the neeting manager processiap.d ogic of the present invention.
Simlarly, each of the conference participants include a comunications
I nterface coupl ed between comuni cations medi um 315 and neeti ng nmanager

processi ng ¢orgprisés thee cSB@nt 82 ¢he MifdrArkbion' IvEing Pasved i thelhessBgs.i ng
Tanaget Conventional techniques are known for passing messages across a
network or communication medium using a message structure of the
type_'illustrated in Figure 10. It will be apparent to one of ordinary
skill in the art that alternative message structures may be used for
passing messages from one conference participant to another across the
communication medium 110. By way of example, Figure 11 illustrates
a sample participant object message 1110 such as the participant object
message sent by the arbitrator in processing block 930. The sample
participant object méssage 1110 comprises a unique participant object
message type 1112. This méssage type uniquely identifies the message
as being a participant object message. Other unique message types
identify a particular message as being of a different type. A sample list
of other message types is presented in Figure 15b. Sample participant
object message 1110 also includes message destination 1114 and
message origin 1116. The destination and origin fields identify the
receiver and the sender of the message. The message body of the
participant object message 1110 comprises the participant index 1118
and the participant object information 1120. The participant index
1118 identifies the participant index within the sender's participant list
where the participant object being sent is located. Participant object
1120 comprises the participant information being provided by the
sending participant. This participant object information 1120



- 15 - software and the conmmunications interface software in each of the
conference participants is substantially the sane |'ogic. Thus, each
conference participant includes the sane conferencing capabilities as any
ot her conferencing participant. The one exception to this rule is the
assignment of an arbitrator participant. The arbitrator participant state
Is the initial state of a Meeting Manager (320 for exanple) before any
connections have been made. In order to join a conference, the conference
joiner must by means of the Human trd®rface 212 initiate the connection
process to another conference particiant, for exanple 312 or 314.

The” Neer ! ngomprises tnformation similar to the information ilustrated in Bigure - 0c
7 and described above. It will be apparent to one of ordinary skill in
the art that the sample participant object message 1110 illustrated in
Figure 11 may include other information relevant to a particular
participant object.

Referring again to Figure 9, the description of the initial
connection event processing continues at decision block 914. If the
conference participant receiving the initial connection from a joining
participant is not the arbitrator participant, processing path 918 is
taken to decision block 920. In this case, if the receiving participant is
part of an existing meeting (processing path 926), the receiving
participant checks its participant list for the presence of a participant
object or a placeholder participant object with a connection identifier
corresponding to the connection information received from the joining
participant. If a corresponding object is found in the receiving
participant's list, processing path 924 is taken to processing block 932.
In this case, the joining participant was already previously connected as
part of an existing meeting. The receiving participant copies its own
participant object information into a participant object message and
sends the receiving participant object to the joining participant in
processing block 932. This action allows the joining participant to
update its participant list with the participant object of the partiéipant



Manager 320 to reset the arbitrator state by setting variable 323 with the
identity of conference participant 312. The connection process proceeds

t hrough the Communi cations Interface 322. The result of this connection
process is an initial connect event (see Figure 9, step 912) received by
both conference participants. However, because one participant intiated the
connection and the other participant received the connection, the first
participant is the conference joinesg and the second participant is the
arbitrator. Once two participants are joined in a conference, conference
participants (310 and 312 for exanple) are prevented frominitating a

Teans of i AR i} @ad cBAREd” PAREGRE TN e MIBR! S¥8neldn CUNTer ence”
joiner al waggentthehaefminates through return bubble 938.

Referring again in Figure 9 to decision block 920, if the
receiving participant is not already in an existing meeting, processing
path 922 is taken to processing block 934. In this case, the joining
participant was not previously connected as part of an existing meeting.
Thus, the receiving participant will need to be merged into the existing
meeting. The merge process requires action by the arbitrator
participant. Because the receiving participant is not the arbitrator
participant as determined in processing block 914, the receiving
participant needs to queue messages to the joining participant to allow
time for the arbitrator particip-ant to intervene and assign the joining
participant a location in the participant list. For this reason, the
receiving participant copies its own participant object into a participant
object message and queues the message on the participant message
queue for later transfer to the joining participant (processing block
934). In addition, the receiving participant queues a Request Merge
message for the arbitrator participant on the arbitrator message queue
in processing block 936. The Request Merge message is processed by
the arbitrator participant in a manner described below in connection
with Figures 17 through 19. Processing for the initial connection
event then terminates through return bubble 938.



. 16 - connection process. Through this process, only one conference
participant can have the arbitrator participant status as all the :
participants join the conference. If two joiners were to attenpt to begin a
conference by initiating the connection process to one- another at the sane
time, both joiners would reset the arbitrator status as descri bed above.
However, one or both connection processes would fail. On this error event,
the Comuni catations Interface 216 3pauses a nessage to be sent to the
Meeti ng Manager 210 to set the arbitrator status again. As a result of this
nmessage, the Meeting Manager 210 checks to see if a connection
Referring now to Figures 12 and 13, the participant message

queue 1210 and the arbitrator message queue 1310 is illustrated. Each

conference participant maintains a queue of messages for transfer to

other conference participants. The participant message queue 1210

comprises a plurality of messages 1212 which are awaiting transfer

across communication medium 110. Each message in participant

message queue 1212 comprises information in a form illustrated in

Figure 10 and described above. A conventional queue pointer (not

shown) identifies the next message in the message queue to be removed

and transferred across communication medium 110 to a destination

participant identified within the message. Another conventional queue

pointer (not shown) identifies the next available location in the message

queue at which a message may be stored.

Referring to Figure 13, a similar message queue 1310 exists in

the arbitrator participant. The arbitrator message queue 1310 retains

messages for transfer to other conference participants. The content

and management of arbitrator message queue 1310 is the same as the

content and management of participant message queue 1210.

Conventional techniques exist for managing a message queue of this

form. It will be apparent to one of ordinary skill in the art that other

mechanisms exist for temporarily storing messages for transfer across

a communication medium.



event as described in connection with Figure 9 had occured while not in the
arbitrator participant state. If so, this would indicate the case where one
j @i ner's connection process to the current participant succeeded, while the
current participant's connection process to the first failed. In this case,
the participant queue is not enpty. For each nessage found in the

partici pant queue, the arbitrator participant repeats steps 926, 928, and
930 shown in Figure 9. Because the gurrent participant is nowthe
arbitrator again, any nessages in the arbitrator nessage queue are not
needed and are destroyed. The arbitrator status may be changed to a

oy b tranet or RgerpBfsL e dBRr 14 e FEBOREh oS QiR Bk Ve
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status

participant event results when a participant object message is sent from
one conference participant to a receiving conference participant. Such
a participant object message was generated in the initial connection
event as described above in connection with the processing blocks 930
and 934 illustrated in Figure 9. In Figure 14, the receiving participant
receives notification from its communication interface that a network
message is ready to be read from the communication medium. The
incoming message is obtained from the communication interface and
the type of message is determined using a message type. In this case,
the message is a participant object message. The participant index is
extracted from the participant object message in processing block
1416. The received participant object transferred in the message is
also extracted from the participant object message in processing block
1416. The receiving participant then accesses its own participant list to
determine if the received participant object resides in the participant
list at the participant index received in the message (decision block
1418). If the participant object exists in the participant list at the
specified participant index, processing path 1422 is taken to processing
block 1424. In this case, the received participant object has already
been allocated a position in the participant list. This allocation

occurred as a result of a previously processed new participant index



- 17 - at any one time. The arbitrator status is nmaintained by setting a
state variable within the neeting nmanager of each conference participant.
The state variable contains the identity of the assigned arbitrator
participant. For exanple, referring to Figure 3, conference participant 310
may be assigned as the arbitrator by setting variable 323 with the identity
of conference participant 310. Simlarly, the variable 327 in conference
participant 312 is also set to the identity of conference participant 310.
Once joining participant 314 is notified of the identity of the arbitrator
partici pant after the joining process has

message as described below in connection with Figure 16. During the
new participant index event processing, a placeholder participant object
was stored in the receiving participant's participant list at the
parti.cipant index position allocated to it. Because the actual participant
object corresponding to the previously stored placeholder participant
object has been received in the participant object message, the
placeholder participant object is replaced by the newly received
participant object at the specified participant index in the receiving
participant’s participant list (processing block 1424). Processing for
the new participant event then continues at the bubble labeled A
illustrated in Figure 15a.

Referring again in Figure 14 to decision block 1418, processing
path 1420 is taken if the received participant object does not reside in
the participant list at the participant index specified in the message. In
this case, a position in the participant list at the specified participant
index is alloéated for the received participant object. Intervening
unassigned positions in the participant list are filled with placeholder
participant objects, if necessary (processing block 1426). By filling
intervening participant list positions with placeholder participant
objects, the participant list in each conference participant will
eventually be equal once each conference participant receives the
participant object sent by each of the other conference participants. In

this manner, the present invention has the advantage that no implied



_béen conpl eted, the variable 341 in neeting manager 340 will contain the
identity of arbitrator participant 310. In this nmanner, the one and only
one arbitrator participant is defined for all conference participant in the

conference. Figure 3 illustrates.-a typical data conferencing configuration
conprising a plurality of conference participants. In a typical conference
scenario, two or nore conference participants will initiate a conference or

nmeeting by connecting to each other_ across comuni cati ons nmedi um 315. In
the exanple of Figure 3, conferemceédarticipants 310 and 312 initially
create a neeting (i.e. a connection) with each other across conmunications
medi um 315. As the neeting progresses, information is shared between
par ti ci pantordenofimespages isi imposedion the conference pagicipartsi nbhusithger 320
and meet! n%resent invention envisions a communication medium in which

messages passed between conference participants may be sent in any

arbitrary order, yet still processed correctly. Processing for the new

participant event continues at the bubble labeled A illustrated in Figure

15a.

Referring now to Figure 15a, processing for the new participant

event continues at bubble labeled A. In decision block 1510, the

participant status received in the participant object is checked to

determine if the participant corresponding to the received participant

object is acting as the arbitrator participant. If this is the case,

processing path 1512 is taken to processing 1516. In this case, the

receiving participant updates it arbitrator participant status variable

323 or 327 to identify the participant corresponding to the received

participant object as the arbitrator participant. Because the identity of

the arbitrator participant has up to this event has been unknown or may

have changed, the messages for the arbitrator previously stored in the

participant's message queue are flushed. A Request Merge event

message is sent or queued to the new arbitrator in processing block

1516. The Request Merge event message will trigger the arbitrator to

synchronize the information between conference participants. The

processing performed for a Request Merge event message is described

below in connection with Figures 17 through 19.



manager 324 of each respective conference participant. The arbitrator -
18 - participant, conference participant 310 in thi's exanple, is
responsi bl e for maintai ning and di spersing the current and cumnul ative
meeting information. As conference participants join the conference
subsequent to the initiation of a neeting, such as conference joiner 314,
arbitrator participant 310 is responsible for comrunicating with neeting
manger 340 of joining participant 2%4 to merge the joining participant 314
into the conference. The technique or performng this nmerge and join
operation are described in the subsequent figures

Referring again to decision block 1510, if the participant
corresponding to the received participant object is not acting as the
arbitrator, processing path 1514 is taken to decision Block 1518. If a
participant join message has previously been received for the new
participant corresponding to the received participant object, processing
path 1522 is taken to processing block 1524. In this case, the new
participant is added to a send all distribution list (processing block
1524). The send all distribution list identifies a list of participant
connection addresses which are identified by-a single handle. Adding a
participant to the "send all” distribution list is accomplished by sending -
a message to the communications interface. This message contains the
existing "send all" distribution list handle and the connection address
which has been previously stored in the participant object. Thus,
broadcast messages sent using the "send all” distribution list handle,
will also be sent to the newly added conference participant. If a
participant join message has not previously been sent, processing path
1520 is taken to bypass adding the new participant to the send all
distribution list. Processing for the new participant event then
terminates through return bubble 1526.

Referring now to Figure 16, processing for a new participant
index event is illustrated. A new participant index event is used to
allocate a position in a conference participant's participant list. The

participant index event message is received from the communication



and detail ed description of the present invention. Referring now to Figure
4, three basic objects nmani pul ated by neeting manager control |ogic 410 are
i Il ustrated. These basi.c conponents include public neeting information 412,
private neeting information 414, and neeting participant information 416.
The basic paradigmused in the present invention is a set of conference
participants all sharing neeting'inggrnation. This neeting information
conprises nultiple pages of draw figZannot ati ons, graphic annotations, or
text annotations. Referring to Figure 5 the content of a page of neeting
information in the present invention is illustrated. As shown, pages 510

i ncl ude dr aymtegfagenintprocessing blockvi6d 8. i The adbitmatepparticipantis conpri sed of

a plurality of graphic primtives such as |ine segnents,
typically the originator of a new participant index message. The
arbitrator uses this message to assign a new participant list index to the
parti'cipant receiving the new participant index message. The new
participant index event capability allows the arbitrator to dynamically
manage the participant lists of each of the other conference
participants. The new participant index received in the new participant
index message is saved in processing block 1614. This new participant
index is the new index assigned to the receiving participant by the
arbitrator. The receiving participant's own participant object residing
in the participant list at an old participant index is moved to a new
position corresponding to the new participant index. A placeholder
participant object is stored in the old index position in the participant
list (processing block 1616). The placeholder participant object keeps
the position of objects in all conference participant's participant list the
same. An owner index in all objects is reassigned to the new
participant index in processing block 1618. All objects maintained
within the receiving participant carry an owner index that defines the
participant index of the participant to which the object is assigned.
These objects include pages and annotations which are controlled by
the owning participant. Reassigning the owner index allows these |
objects to be associated with the new participant index. In processing

block 1620, the participant message queue of the receiving participant



arcs, polygons, or other drawi ng annotations created using typical draw ng:
19 .

t ool s.

Pages 510 al so include graphic annotations 514 which -

typically conprise bit map graphics defined in terns of individual

or groups of pixels.

provi ded as part of a neeting page. Pages 510 al so conprise text

annot ati ons 516 which conprise strings of text and control

pi xel s

Graphi ¢ annotations 514 may al so include video data

characters. Each

page has an annotation |ist associatg@dwith the page. The annotation |ist
represents the set of annotations that belong to a page.

is flushed. Participant object messages having the new participant
index are generated by the receiving participant and sent to all other
conference participants in processing block 1620. In this manner,
other conference participants become aware of the new participant
index of the receiving participant. Other conference participants will
acknowledge the transmission of the receiving objécts participant
object message by sending their own participant object messages
thereby generating a new participant event as described in connection
with Figures 14 and 15a. Processing for the new participant index
event then terminates through return bubble 1622.

Referring now to Figures 17 through 19, the Request Merge
event processing of the present invention is illustrated. The Request
Merge message is used by a joining participant to request the arbitrator
participant to merge the joining participant into the current meeting.
The Request Merge message is received by the arbitrator participant
from its communication interface in processing block 1712. The
content of the Merge Request message includes a meeting identifier
which identifies the contents of meeting information to merge into the
current meeting. In this manner, a joining participant may enter a
meeting with a set of previously generated meeting pages which are
added into the current set of meeting pagés. Thus, the present
invention has the advantage that current conference participants may

gain the benefit of information previously generated and provided by a



Referring again to Figure 4, neetings in the present invention conprise a
plurality of pages of information in the form of annotations. These pages
are linked together in a manner described in detail in co-pending patent
application serial nunmber filed concurrently with the present application.
As a neeting between conference participants progresses, pages of neeting

i nformation created in the formof annotations are created and added to the
list of pages for the neeting. Upgnsgoppletion of a neeting, these pages of
i nformati on are retai ned on mass storage device 222 under a neeting file
identifier. This nmeeting informati on may subsequently be recall ed using

i nt ai ned RyEAEPFBispAy ah SRR K Bie R BaBRR B s

public by receiving the information generated during the course of an
ongoing meeting. If the participant receiving the Request Merge
mes_éage is not the arBitrator, processing path 1716 is taken to
processing block 1720 where the Request Merge message is forwarded
to the arbitrator participant and the receiving participant returns in
bubble 1722 with no further action. If the receiving participant is the
arbitrator, processing path 1718 is taken to decision block 1724. In
some situations, the arbitrator participant is busy processing a
previously received message. In this case, processing path 1726 is
taken and the Request Merge message is queued for processing by the
arbitrator at a future time (processing block 1730). Processing in this
case returns through return bubble 1732. If the arbitrator participant
is not busy, processing path 1728 is taken to decision block 1734. The
present invention provides a means for implementing a reduced
capability meeting manager denoted Jump Start. This reduced
capability system does not provide the capability to merge a joining
participant after a meeting has already begun. Thus, if the joining
participant requesting a merge operation joins a meeting already in
progress, processing path 1742 is taken to processing block 1746
where a disconnect message is sent to the joining participant and the
Request Merge processing terminates through return bubble 1748.
The reduced capability system, which is incapable of performing the



nmeeting page |ist 418 and a private neeting page list 422 is maintai ned by
each conference participant. The public neeting page list 418 is used for
the storage of pages that are shared anong each of the - 20 - conference
participants. Any of the conference participants may view or mani pul ate the
annotation informati on maintained in the public neeting page |ist 418. A
current page identifier 420 is usedygo identify the individual page of page
list 418 that is currently being vi% d by each of the conference
participants. Private neeting page list 422 is used for storage of neeting

| nfor mat | Or}uhhr%tergies c\éip%{)ﬂkt?esagfi mréaﬁxili)g)lfsatteﬁg is purposely reduced in
capability to provide a lower cost system. If the joining participant is
not a reduced capability system or a meeting is not already in progress,
processing for the Request Merge event continues through the bubble
labeled B illustrated in Figure 18.

Referring now to Figure 18, processing for a Request Merge
message continues at the bubble labeled B. At this point, the arbitrator
participant, which is processing the Request Merge message, is ready to
begin the merge process. The first step in this process is to suppress
the background transfer of large objects or large data blocks across the
communication medium until completion of the merge process
(processing block 1810). As described earlier, one of the main
benefits of the present invention is that the structure of a meeting is
distinct from the meeting data itself. The separation of object structure
from the object data itself provides an optimized merge process. That
1s, in order to merge meetings, only the structure of the meeting,
which is typically small in size, is needed. The large amounts of object
data are separated from the meeting structure and the transfer of such
data is suppressed during the merge process. Following completion of
the merge process, data transfer of the object data for large objects is
resumed and requests for necessary data transfers are processed. Two

- benefits of the separation of object structure from object data follow in

the present invention. First, the merge process completes more quickly



only by the conference participant in which the private pages are resident
(i.e., the local participant). In this manner, a conference participant may
retain information in the private neeting page list 422 that is not visible
or mani pul ated by ot her conference participants. As described in the
above-referenced co-pending patent application, the present invention
provides a neans for linking the private pages of page list 422 with the
publ i c pages of page list 418. The 9§esent i nvention al so provides a
current page identifier 424 used To’fdentify the private page currently

vi ewabl e by the | ocal participant. The neeting nmanager 410 al so nmanages a
participant list 426 which conprises a list of neeting participants. This

list 426 dafloveingtthe participantsté eontioue yeithitheipasks. Secondly,if known to
Tza gf ! tn %emr?a%es;‘er%fo itleTQIijseclt idsaga i4521§30ti Secédlé%,esﬁeéguesei gaecrlllt;i)atr){ic%ar;the arbrtrator
already contains duplicate copies of the object, subsequent object data
transfers are avoided. By suppressing the background transfer or low
priority transfer of large object data blocks, the entire bandwidth of
the communication medium may be employed to facilitate the merge
process. This allows the merge process to be completed more quickly.
In processing block 1812, a message is displayed to the
arbitrator participant that the merge process is active. The arbitrator
state is set to a busy condition to prevent subsequently received Request
Merge messages from interrupting the current merge process
(processing block 1812). In decision block 1814, the meeting
identifier provided in the Request Merge message is compared with the
currently active meeting identifier. If the merge meeting identifier is
equal to the current meeting identifier and both meetings are
unmodified, no merge operation is required. In this case, processing
path 1816 it taken to the bubble labeled D illustrated in Figure 19
where a merge complete message is sent to the participant requesting
merge (processing block 1920) and processing terminates through
return bubble 1922. If, however, the merge meeting identifier is not
equal tb the current meeting identifier or the contents of either meeting
have been modified, processing path 1818 is taken to decision block

1820. If both the merge meeting and the current meeting have only



identity of the local participant 430, and the identity of other conference
participants 432." This content of participant list 426 is illustrated in
nmere detail in Figure 6. - 21 - Referring now to Figure 6, the content

of the participant Iist 610 used in the preferred enbodi ment is _ _
illustrated. The neeting manager of each conference participant maintains a
current |list of conference participants currently connected to a neeting.
In order to maintain neeting infornggion synchronization between conference

participants, the participant |list maintained by each partici pant should

contain the
- one blank page, both meetings are considered empty or null. In this

case, processing path 1822 is taken to processing block 1826 where a
meeting equal message is sent to the participant requesting the merge to
norjfy that participant to set the blank pages of each meeting to the
same page identifier. Processing then terminates through return
bubble 1828. If the current meeting or the merge meeting contains
non-blank pages, processing 1824 is taken to the bubble labeled C
illustrated in Figure 19,

Referring now to Figure 19, processing for a Request Merge
message continues at the bubble labeled C. Continuing the merge
process, if the joining participant has any non-blank pages, processing
path 1912 is taken to processing block 1916. In this case, the joining
participant is entering a conference with its own set of meeting pages
that must be merged into the current meeting pages of each of the
other existing conference participants. To accomplish this task, the
arbitrator participant sends a request to the joining participant to
request the joining participant to send its page list to the arbitrator
(processing block 1916). The page list sent by the joining participant
will be merged by the arbitrator into the current meeting. The joining
participant will respond back to the arbitrator by sending a Merge
Page List message to the arbitrator (processing block 1916). The
processing performed by the arbitrator in response to a Merge Page

List message is illustrated in Figures 22 and 23. Once the arbitrator



same information. This information conprises a list of participant-

I dentifying information naintained in the formof objects. Because the

pref erred enbodi nent of the present invention is witten in the C++
progranm ng | anguage, an object is a convenient formfor storage of
participant information. Note that the discussion herein of various

enbodi nents refers specifically to a series of routines which are generated
in a high-level object-oriented pLogFanning | anguage (e.g., the Mcrosoft
C/ C++ Version 7.00 | anguage) available from M crosoft, Inc. Rednond, WA.
This series of routines is conpiled, |linked, and then run as object code in

ST S el R 8 AR o s loR SRR,
may be i MpleuEht e joiRfE BhrtRbRACH replace the joining participant's

page list (processing block 1921). Processing for the Request Merge

event then terminates through the return bubble 1922. If processing

path 1912 is taken, the receipt of the joiner participant's page list for

the merge page list event, Figures 22-25, will happen asynchronously

at a later time and the "send merge complete message", processing

block 1920 will not be executed.

Referring still to Figure 19, if the joining participant has no
non-blank pages (processing path 1914), processing block 1918 is
executed. The arbitrator sends the current meeting page list to the
joining participant in processing block 1918. The joining participant
replaces its meeting page list with the page list received from the
arbitrator. The arbitrator sends a Merge Complete message to the
joining participant in processing block 1920. Processing for the
Request Merge event then terminates through the return bubble 1922.

Referring now to Figures 20 and 21, processing for the Merge
Complete event is illustrated. Figure 20 illustrates the processing
performed by the arbitrator participant for a Merge Complete
message. Figure 21 illustrates the processing performed by a joining
participant in response to a Merge Complete message. Referring now
to Figure 20, the Merge Complete event processing performed by the

arbitrator begins as the arbitrator sends the Merge Complete message



har dwar e devi ces, such as discrete |ogic devices, |large scale integrated
circuits (LSI's), application-specific integrated circuits (ASICs), or
other specialized hardware. The description here has equal application to
apparatus having simlar function. - 22 - One of the main benefits of
the present invention is that the structure of a neeting is distinct from
the neeting data itself. As described above, a neeting is conprised of a
participant list, page lists, and annotation lists. These lists and the
objects that the lists identify reptésent the structure of a particular
meeting. The actual object data

to the joining participant (processing block 2012) to enable the joining
participant to receive messages broadcast to all conference participants.
The arbitrator adds the joining participant to the send all list
(processing block 2014). As a result of a merge operation, objects
may be been marked for deletion by the arbitrator. For example,
blank pages or duplicate pages of a meeting page list may be marked
for deletion during the merge process. As a clean-up task, the objects
marked for deletion are purged in processing block 2016. Because the
merge process is complete, the transfer of large objects or large data
blocks across the network is resumed in processing block 2018. The
arbitrator state is set to a not-busy state in processing block 2020 to
enable the arbitrator to process subsequent requests for a merge
operation. In addition, a Merge Complete message is displayed on the
user's display screen using the human interface component 212.
Finally, the current page pointer is reset to point to the page which was
the current page before the merge process began. The arbitrator
processes any pending arbitrator messages in processing block 2022
and Merge Complete event processing terminates through return
bubble 2024,

Referring now to Figure 21, the Merge Complete event
processing for a joining participant is illustrated. In processing block
2112, the joining participant receives the Merge Complete message sent

by the arbitrator. The newly joined participant sends a Participant Join



that the identified objects represent is separable fromthe neeting
structure itself. For exanple, a neeting may include a page which includes
a-graphic annotation with a given identifier. The graphic annotation itself
may conprise a large bitmap of data; however, the neeting structure only
needs to represent the graphic annotation by its identifier. The object
data is thereby made distinct fromthe object structure. The separation of
obj ect structure fromthe object daéd t+tself provides an optinized nerge
process. That is, in order to nerge neetings, only the structure of the
meeting, which is typically small in size I s needed. The | arge anounts of

oL o, PRSI bom o pagentd il g mbte [0Sl O

7, the typeBamicipanttJoinmessageeothidridoiderence participants will add the
newly joined participant to their send all list (processing block 2114).
The,.list of objects previously marked for deletion as a result of the
merge process is purged in processing block 2116. The current page
pointer is reset to point to the page which was current before the
merge process began. Any pending arbitrator messages are processed
by the arbitrator in processing block 2118. The transfer of large
objects or large data blocks is resumed in processing block 2120. A
Merge Complete message is displayed on the user's display screen
using human interface 212 and Merge Cémplete event processing
terminates through return bubble 2122.

Referring now to Figure 22, the processing for a Merge Page

List event is illustrated. In processing block 2212, the joining
participant sends a page list to the arbitrator to be merged info the
current meeting. The joining participant replaces its page list with the
arbitrator's page list (processing block 2212). The arbitrator adds the
joining participant to the arbitrator's send all list so the joining
participant will receive any page modifications (processing block
2212). The arbitrator receives page list to be merged from the joining
participant in processing block 2216. The arbitrator initializes a
Merge Page List loop which starts at the bubble labeled E 111ustrated in
Figure 23.



i nformati on maintained in a participant object 710 is illustrated.

Partici pant object 710 conprises user identifying information 712 which

i ncl udes user nane, address, telephone nunber, and ot her user identifying
i nformati on. Participant object 710 al so includes connection information
714 used to associate the participant with a .= - 23 - particular network
channel or input/output port on the communication nedium Partici pant
status defines the current state of4¢he partici pant with whom parti ci pant
object 710 is associated. The current page information 718 defines the

current public ?fe?te}z{]rgg hO% t& %?gttlrréeB, the Merge Page List event
processing continues as the arbitrator gets the next page to be merged
in processing block 2310. If this is the last page in the page list,
procéssing path 2314 is taken to processing block 2318 where the
joining participant's page list structure is deleted. A Merge Complete
message is sent by the arbitrator to the joining participant in processing
block 2318 and the Merge Page List operation terminates through the
return bubble 2319. If the end of the page list has not been reached,
processing path 2316 is taken to decision block 2320 where the
arbitrator page list is searched for a page with the same page identifier
as the page to be merged. If there is no matching page currently in the
page list, processing path 2322 is taken to processing block 2328 where
a page is added to the arbitrator's page list and the page is broadcast to
other conference participants in the send all list. Processing then
continues at the top of the Merge Page List loop through the bubble
labeled E. If a page to be merged and a page currently in the page list
both have the same identifier, processing path 2324 is taken to
processing block 2326. The annotation list for the matching pages are
merged in processing block 2326. The processing performed in
processing block 2326 to merge the annotation list is highlighted in
detail in Figures 24 and 25 which are described below. If, as a result
of merging the annotation lists for the pages with the same page

identifier, it is determined that the annotation lists of both pages are



current private neeting page as described in connection with Figure 4. It
w Il be apparent to one of ordinary skill in the art that other information
pertinent to a particular conference participant may be maintained within
partici pant object 710. Referring now to Figure 8, a variation of the
pattici pant object data structure is defined for a placehol der participant
obj ect 810. Pl acehol der participant object 810 is used for joining
conference participants while the joining participant is being nmerged into
the meeting and before all other =céAference participants becone aware of
the joining participant. The pl acehol der participant object 810 is used as
a place holder in participant |list 610 until a full_ participant object 710

can be gen&daaboprosessing path 2334 isdaken te processingblasks2336G wheret he

placehol derthg ?(rntniixcnig %aa%ci%%jnﬁsc tdu%i]?:a{espggeg %sazciggedb%/o ttl'Teefr%grhrset:s plggcciiiinr:gg
the joining participant's duplicate page to the free list effectively
deletes the page from the current page list. Processing continues for
the next page at the top of the Merge Page List loop through the bubble
labeled E in Figure 23. If as a result of the merge annotation list
processing the annotation list of the pages to be merged are found to be
unequal, processing path 2332 is taken to the top of the Merge Page
List loop through the bubble labeled E. In this case, both pages are
retained in the page list. The Merge Page List loop illustrated in
Figure 23 continues until each page in the page list has been processed.

Referring now to Figure 24, the merge annotation list

processing is illustrated. The processing illustrated in Figures 24 and
25 is initiated as a result of the execution of processing block 2326
illustrated in Figure 23. In this case, a page from a joining participant
is to be merged with a page from the current page list. In processing
block 2412, a merge annotation list loop is initialized. This loop is
iterated for each annotation in the annotation list of the page to be
merged from the joining participant. In processing block 2414, each
annotation in the annotation list of the joining participant's page is
obtained. If the end of the annotation list has not been reached
(processing path 2418), the annotation is processed through the bubble
labeled G illustrated in Figure 25. If the end of the annotation list has



pért | ci pant object 710 in participant list 610. This process is described

in nore detail

unknown. The inportance of the placehol der participant object
mai ntai n every conference particip&®t'=s participant list in the sanme

24 -

been reached or is null, processing path 2420 is taken to decision block
2422. If each of the annotations from the joining participant page are
equal to the annotations of the page from the current i)age list,
processing path 2426 is taken to processing block 2428 where an
indication is returned to the Merge Page List loop that identifies the
fact that the annotation lists of both pages are equal. Processing then
returns to the Merge Page List loop through return bubble 2432. If all
annotations of the joining participant page and the current page list
page are not equal, processing path 2424 is taken to processing block
2430. In this case, an indication is returned to the Merge Page List
loop that signals the fact that the annotations of the joining participant
page and the current page list page are not equal. Processing then
returns to the Merge Page List loop through the return bubble 2432.
Referring to Figure 25, the merge annotation list processing
continues at the bubble labeled G. In this case, the annotation of the
joining participant page has been found to be non-empty. The
annotation from the joining participant page is compared with
annotations in the annotation list of the local page in decision block
2510. If there is no annotation with the same identifier in the local
annotation list, processing path 2512 is taken to processing block 2516.
In this case, the annotation from the joining participant page is added
to the local annotation list and the newly added annotation is sent to all

other conference participants in the send all list. Processing for the

bel ow i n connection with the flowharts of the processing
| egi ¢ of the present invention. The "placehol der” partici pant object has
the sane structure as participant object as shown in Figure 7;
pl acehol der partici pant may only contain connection information,

remai ni ng information, such as nane, current page, etc. is yet
is to

however,
whil e the

t he



order as the arbitrator participant's participant list. By this mechani sm
nmessages between conference participants may identify and retrieve

i nformation in the participant |ist based on the participant |ist index
which is assigned by the arbitrator participant as described in connection
with Figure 14. Pl acehol der participant object 810 includes the sane

I nformation as a participant object such as user identifying information
812. For a joining participant howeyver, the user identifying infornmation
may not be inmedi ately available. In this case, a joining user code can be
used in user identifying information 812 to specify the user identifying

avai | anl o MKt 2 Bralfon Bokie i eBE fop 23 R nodenah P Ticr udbehibsugh **
comuni cat i1k WEAIEATE ittdSrardd o FREhtE HRANT status 816 is
) If there is an annotation with the same identifier in the local

annotation list, processing path 2514 is taken to decision block 2518.
In this case, the annotation from the joining participant page is
compared with the annotation in the local page list. If the content of
the local annotation is incomplete or the joining participant's
annotation is more complete, processing path 2522 is taken to
processing block 2524. In this case, the joining participant's annotation
1s substituted for the annotation in the local page. This task is
performed by broadcasting a replace annotation message to other
conference participants. The other conference participants respond to
this message by replacing the local annotation with the joining
participant's annotation sent with the replace annotation message
(processing block 2524). The local annotation object is then deleted by
adding the annotation to the free list in processing block 2526.
Processing for the next annotation continues through the bubble labeled
F illustrated in Figure 24. Referring again to decision block 2518, if
the local annotation data is complete or the joining participant's
annotation data is less complete, processing path 2520 is taken to
processing block 2528. In this case, the annotation from the joining
participant's page provides no additional information not already in the

local page. Thus, the joining participant's annotation object is deleted



set to a joining state for a joining participant and current page 820 is -
set to a null or unassigned value. Referring again to Figure 6, participant
l'tst 610 includes a list of participant objects (for exapple, participant
objects 612, 614 and 616). Participant |list 610 also in ) _ _
joining of participant objects (for exanple, placehol dey PEF 7obj ect
618). Participant list 610 al so includes space for other parjA 2§
obj ects (for exanpl e, - 25 - unas%igned | ocations 620 ant _
conference participants join a neeting. T~

by adding the object to the free list in processing block 2528.
Processing then continues with the next annotation through the bubble
labeled F as illustrated in Figure 24.

" Thus, an improved method and apparatus for joining participants
in a.conferencing system is disclosed. This specific arrangements and
methods herein are merely illustrative of the principles of this
invention. Numerous modifications in form and detail may be_made
by those of ordinary skill in the art without departing from the scope
of the present invention. Although this invention has been shown in
relation to a particular embodiment, it should not be considered so
limited. Rather, the present invention is limited only by the scope of

the appended claims.



Each participant object (and therefore each conference participant) is
assigned a unique participant list index 624. The participant |ist index
624 identifies the [ocation of a participant object wthin participant |ist
610. As newl y connected participants join a neeting, the joining
participant is assigned a |ocation in participant |ist 616 aidsassi gn‘éaﬁﬁq
correspondi ng participant |list index 624. The joining parti cl paREPLHQEQ he
al | ocated participant list index W my the process of ne i nto the
meeting. This nmerge process is described in detail bel ow-iin. QOI’II’IEC'[ Lon_wth
the flowcharts of the present inddtien. Referring nowto

fl owchart describées the processing logic for an initial m ﬁ l,hﬂﬂ ,lHi
a joining participant initially connects to an existing con et e

parti ci pant through conmuni cation

1. In a computer conferencing system having a plurality of participants
coué]ed by a communication medium, each participant of said plurality
of pérticipants having a meeting manager, said meeting manager
comprising:

means for collecting public meeting information generated by
any of said plurality of participants, said public meeting information
includes zero or more pages of annotations; |

means for receiving a connection indication from a joining
participant; |

means for receiving joining meeting information from said
joining participant;

means for comparing said public meeting information with said
joining meeting information and generating a set of differences; and

means for selectively sending said set of differences to said
joining participant or said plurality of participants or both said joining
participant and said plurality of participants.

2. The meeting manager as claimed in Claim 1 further including means
for collecting private meeting information from a local participant in
which said meeting manager is resident, said private meeting
information being different from said public meeting information, said

- This Sheet
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medi um 110 and conmuni cations interface 216. Conmuni cations interface 216
recogni zes and initial connection-by-a-}ei-niagparticipant in a

conventional manner. This initial nay be an initial
network message froma new partici ammw"""'”angﬂ;‘! ne caI | received via a
t el ephone nodem Once communi cations interfaces est ab hes a | ow | evel
connection with the joining participant, comunications | 16

notifies the neeting manager 210 via interface 236 in prg essyerg
The existing conference - 26 - pé@trm pant receiving the Tl
connection event checks its arbitrator

private meeting information not accessible to participants of said

plurality of conference participants other than said local participant.

3. The meeting manager as claimed in Claim 1 wherein one and only
one participant of said plurality of participants is assigned an arbitrator
status, said arbitrator status being dynamically modifiable, said one

participant being denoted as the arbitrator participant.

4. The meeting manager as claimed in Claim 3 wherein said arbitrator
participant is the only participant in which said means for comparing

operates.

5. The meeting manager as claimed in Claim 1 further including means
for maintaining a participant object list which defines the presence of

all participants of said plurality of participants.

6. The meeting manager as claimed in Claim 5 further including means
for reserving a position in said participant object list while said joining

participant is joining.

7. The meeting manager as claimed in Claim 1 further including means
for notifying all other participants that said joining participant has

joined.

This Sheet Hag Been R,
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pértic! pant status variable 323 or 327 to deternmne if the receiving
participant is the arbitrator (decision block 914)..1f the receiving

participant is the arbitrator, processing path y s taken to processing
bl ock 926 where a pl acehol der parti ¢) mm\ “a@]‘ﬂﬂ\al | ocated in
participant list 610 at the next avg‘“\ x C.s Ukassigned) position in
the arbitrator's participant |ist. THe r5arfi cipant list i
joining participant is retained. This participant list in &HS%
a network nessage generated by thesarbitrator and sent t he Repi :
participant via commnications nedium 110. - This nessage Wt 8YhBw
participant index notifies the joining participant of its position int
arbitrator's participant list (processing block 928). Having sent a
partici pant index nessage to the joining participant, the arbitrator then

sends a cogy Tie iregtingnmaniger a8 olaimedtindClaamt 1 ovijerein said meapsifar ng
selectively sending said set of differences further includes means for

sending said set of differences to said plurality of participants only if

said joining meeting information includes information not already

included in said public meeting information.

9. The meeting manager as claimed in Claim 1 wherein said means for
selectively sending said set of differences further includes means for
sending said set of differences to said joining participant only if said
public meeting information includes information not already included

in said joining meeting information.

10. The meeting manager as claimed in Claim 3 further including

means for queuing messages to said arbitrator participant.

11. In a computer conferencing system having a plurality of
participants coupled by a communication medium, each participant of
said plurality of participants having a meeting manager, a process for
joining participants comprising the steps of: |

collecting public meeting information generated by any of said

plurality of participants, said public meeting information includes zero

or more pages of annotations;
: This Sheet Has Been Replaced
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participant in an arbitrator participant._object nessage in processing bl ock
930. Processing for an initial connect eceived by an arbitrator
participant then term nates through r mmm’ |II S ed in F|gure
9. Digressing briefly to Figures 10 an |on O?HlsfsﬂEEﬁp e
structure used for passing nmessages across conmuni cati on ked unREPLQCis
illustrated. In the preferred enbodi nent, the nessage structure 10

conpri ses a nessage type 1012, a—nﬁ%sage destinati on address 1014, a
message origin 1016, and a nessage body 1018 which - 27

receiving a connection indication from a joining participant;
receiving joining meeting information from said joining
participant; '
" comparing said public meeting information with said joining
meeting information and generating a set of differences; and
selectively sending said set of differences to said joining
participant or said plurality of participants or both said joining

participant and said plurality of participants.

12. The process as claimed in Claim 11 further including the step of
collecting private meeting information from a local participant in
which said meeting manager is resident, said private meeting
information being different from said public meeting information, said
private meeting information not accessible to participants of said

plurality of conference participants other than said local participant.

13. The process as claimed in Claim 11 wherein one and only one
participant of said plufality of participants is assigned an arbitrator
status, said arbitrator status being dynamically modifiable, said one

participant being denoted as the arbitrator participant.
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conprises the content of the information_being. passed.in.-the nessage.

Conventi onal techniques are known for p cross a network or
cofmmuni cation medi um usi ng a nessage st qg”gm “‘“ﬂﬂﬁ;ﬂl pe illustrated in
Figure 10. It will be apparent to one of inarynsks | I+ in the art that
alternati ve nessage structures may be used for passing nmessages from one
conference participant to another across the conmuni cation nedium 110. By
way of exanple, Figure 11 illustrat&3 a sanple participant object nmessage
1110 such as the participant object nessage sent by the arbitrator in
processing bl ock 930. The sanple participant object nmessage 1110 conprises

2 Ut aue P4 I PRORSARl RS TRA HTINAC) 3 Wiere A BBIAR VDo Ui duel y

i dentifies sage as berng a particip nessage. O her uni que

message ty&faant%tum@omyafyé@anfrm%&%npmgc&hpanﬂgfs&epent type. A

sanple |ist

15. :I'he process as claimed in Claim 11 further including the step ¢fTayg SH

maintaining a participant object list which defines the presence of a

participants of said plurality of participants.

16. The process as claimed in Claim 15 further including the step of
reserving a position in said participant object list while said joining

participant is joining.

17. The process as claimed in Claim 11 further including the step of
notifying all other participants that said joining participant has joined.

18. The process as claimed in Claim 11 wherein said step of selectively
sending said set of differences further includes the step of sending said
set of differences to said plurality of participants only if said joining
meeting information includes information not already included in said

public meeting information.

19. The process as claimed in Claim 11 wherein said step of selectively
sending said set of differences further includes the step of sending said

set of differences to said joining participant only if said public meeting
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of other message types is presented in Figure 15b. Sanpl e partici pant
obj ect message 1110 al so includes nessage .destinati.on-1114 and nessage
origin 1116. The destination and origi ' ' \gkyy t he receiver and
the sender of the nessage. The rressage'“l‘l!ﬂ“ﬂj“i@nmgllﬂci pant—ebi L]
message 1110 conprises the partici pant 4 ndext: and t hel s e

object information 1120. The participant index 1118 identiifies :

partici pant index within the sendeP%s-participant |ist where the
partici pant object being sent is |ocated. Participant object 1120 conpri ses
the participant information, being provided bg t he sendi ng,gar,t I,ci pant. Thi's
parti ci paniDfpRation includes infermepon not already included in said joining -

meeting information.

20. The process as claimed in Claim 13 further including the step of

queuing messages to said arbitrator participant.

21. The process as claimed in Claim 13 further including the step of
transferring object data subsequent to the transfer of object structure.
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* 28 - conprises information simlar to the information illustrated in
Figure 7 and descri bed above. It wll be apparent to one of ordinary skil
-in the art that the sanple participant object nessage 1110 illustrated in
Figure 11 may include other information relevant to a particul ar

partici pant object. Referring again to Figure 9, the description of the
initial connection event processing continues & decision block 914. If the
conference participant receiving the initial c§nnection froma joining
participant is not the arbitrator participant,gﬁiocessing path 918 is taken
to decision block 920. In this case, if the reg@gving participant is part
of an existing neeting (processing path 926), g&? recei ving participant
checks its participant |list for the presence oo a participant
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obj ect or a placehol der participant object with a connection identifier
corresponding to the connection information received fromthe joining
participant. If a corresponding object is found in the receiving
participant's |list, processing path 924 is taken to processing bl ock 932.
In this case, the joining participant was already previously connected as
part of an existing neeting. The receiving participant copies its own
partici pant object information into a participant object nmessage and sends
the receiving participant object to the joining participant in processing
bl ock 932. This action allows the joining participant to update its
participant list with the participant object of the participant
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- 29 - with which it was connected. Processing for the initial connection
event then term nates through return bubble 938. Referring again in Figure
9 to decision block 920, if the receiving participant is not already in an
exi sting nmeeting, processing path 922 is taken to processing block 934. In
this case, the joining participant was not previously connected as part of
an existing neeting. Thus, the receiving participant will need to be nerged
into the existing neeting. The nerge process requires action by the
arbitrator participant. Because the receiving participant is not the
arbitrator participant as determ ned in processing block 914, the receiving
participant needs to queue nessages to the joining participant to allow
time for the arbitrator participant tss ntervene and assign the joining
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participant a location in the participant list. For this reason, the
receiving participant copies its own participant object into a participant
aobj ect nmessage and queues the nessage on the partici pant nessage queue for
| ater transfer to the joining participant (processing block 934). In
addition, the receiving participant queues a Request Merge nessage for the
arbitrator participant on the arbitrator nessage queue in processing bl ock
936. The Request Merge nessage is processed by the arbitrator partici pant
in a manner described below in connection with Figures 17 through 19.
Processing for the initial connection event then term nates through return

bubbl e 938.
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Z
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- 30 - Referring now to Figures 12 and 13, the participant nessage queue
1210 and the arbitrator nessage queue 1310 is illustrated. Each conference
partici pant maintains a queue of nmessages for transfer to other conference
participants. The partici pant nessage queue 1210 conprises a plurality of
messages 1212 which are awaiting transfer across conmunication nmedi um 110.
Each nessage in participant nessage queue 1212 conprises information in a
formillustrated in Figure 10 and descri bed above. A conventional queue
poi nter (not shown) identifies the next nmessage in the nessage queue to be
renoved and transferred across communication nmedium 110 to a destination
participant identified within the nessage. Anot her conventional queue

poi nter (not shown) identifies the next available |ocation in the nmessage
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gueue at which a nessage nmay be stored. Referring to Figure 13, a simlar
nmessage queue 1310 exists in the arbitrator participant. The arbitrator
nessage queue 1310 retains nmessages for transfer to other conference
partici pants. The content and nanagenent of arbitrator nessage queue 1310
I's the sane as the content and nmanagenent of partici pant nmessage queue
1210. Conventional techniques exist for managi ng a nessage queue of this
form It will be apparent to one of ordinary skill in the art that other
mechani snms exi st for tenporarily storing nmessages for transfer across a
conmmuni cati on medi um
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- 31 - Referring now to Figures 14 and 15a, flowcharts illustrate the
processing flow for processing a new partici pant event. A new participant
event results when a participant object nessage is sent fromone conference
participant to a receiving conference participant. Such a parti ci pant

obj ect message was generated in the initial connection event as descri bed
above in connection with the processing blocks 930 and 934 illustrated in
Figure 9. In Figure 14, the receiving participant reggives notification
fromits communi cation interface that a network nesgage is ready to be read
fromthe comunication nmedium The incom ng nessag¢bis obtained fromthe
communi cation interface and the type of nessage is determ ned using a
nessage type. In this SPARTHIPANTOBJECTs a particimant obj ect nessage.
The participant index is
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CONNECTION INFORMATION

PARTICIPANT STATUS

CURRENT PAGE 4
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extracted fromthe participant object nessage in processing block 1416. The
recei ved participant object transferred in the nessage is also extracted
fromthe participant object nessage in processing block 1416. The receiving
partici pant then accesses its own participant list to determne if the
received participant object resides in the participant |ist at the
participant index received in tMRrRRTORNECHIRY 81@n bl ock 1418). If the
participant object exists in tNRCEYEMTPROCESSWG [Ji st at the specified

partici pant index, processing p en to processing block 1424.
In this case, the received part|C|pant object h@$2already been all ocated a
position in the participant Fhi-s-att+oeat+§n occurred as a result of a

previ ously processed new parfich E NOTIRICATION
FROM THE COMMUNICATION
: INTERFACE (Cl) THAT A
CONNECTION TO A
JOINING PARTICIPANT HAS
BEEN ESTABLISHED

ID_(.

pAm\::snmﬁ NOW
ONNECTED TO A JOININONYES -
PARTICIPANT, THE
ARBITRATOR

ARTICIPANT
?
926
¥ Z
922 - ADD A JOINING
< IS THE PARTICIPANT OBJECT
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) ARBITRATOR'S
PARTICIPANT LIST.
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- 32 - message as described below in connection with Figure 16. During the
new partici pant index event processing, a placeholder participant object
was stored in the receiving participant's participant list at the
participant index position allocated to it. Because the actual participant
obj ect corresponding to the previously stored placehol der parti ci pant

obj ect has been received in the partici pant object nessage, the pl acehol der
partici pant object is replaced by the newy received partici pant object at
t he specified participant index in the receiving pggfg ci pant’'s partici pant

| i st (processing block 1424). Processing for the new participant event then

continues at the bubble |labeled Aillustrated in FPgure 15a.
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Referring again in Figure 14 to decision block 1418, processing path 1420
is taken if the received partici pant object does not reside in the
participant list at the participant index specified in the nmessage. In this
case, a position in the participant list at the specified participant index

is allocated for the received participant object.
positions in the participant list are filled with
objects, if necessary (processing block 1426). By

| nt er veni ng unassi gned
pl acehol der parti ci pant
filling intervening

participant |ist positions with placehol der participant objects, the

participant list in each conference participant w
once each conference participant receives the part

Il eventually be equal
i ci pant object sent by

each of the other conference participants. In this manner, the present

1910 THIS SHEET HAS BEEN
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- 33 - order of nessages is inposed on the conference participants. Thus,
the present invention envisions a comrunication nmediumin which nessages
passed between conference participants may be sent in any arbitrary order
yet still processed correctly. Processing for the new participant event
continues at the bubble labeled Aillustrated in Figure 15a. Referring now
to Figure 15a, processing for the new partici pant event continues at bubble
| abel ed A. In decision block 1510, the participant status received in the
partici pant object is checked to determine if the participant correspondi ng
to the received participant

1410
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REPLACED
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object is acting as the arbitrator participant. If this is the case,
processing path 1512 is taken to processing 1516. In this case, the
receiving participant updates it arbitrator participant status variable 323
or 327 to identify the participant corresponding to the received

partici pant object as the arbitrator participant. Because the identity of
the arbitrator participant has up to this event has been unknown or nmay
have changed, the nessages for the arbitrator previously stored in the
participant's nessage queue are flushed. A Request Merge event nessage
sent or queued to the new arbitrator in processing bl ock Q-SHERE HRS (REENT
Merge event nessage wll trigger the arbitrator to synchrioni zergMeCED

i nformati on between conce partici pants. The processi'rng—performed for a

Request Merge event neslsage )} s described bel ow in connection with Figures
17 through 19.
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- 34 - Referring again to decision block 1510, if the participant
-corresponding to the received participant object is not acting as the
arbitrator, processing path 1514 is taken to decision block 1518. If a
partici pant join nessage has previously been received for the new
partici pant corresponding to the received partici pant object, processing
path 1522 is taken to processing block 1524. In this case, the new
participant is added to a send all distribution list (processing block
1524). The send all distribution list identifies a |ist of participant
connecti on addresses which are identified by a single handle. Adding a
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participant to the "send all" distribution Iist is acconplished by sending
a nessage to the communications interface. This nessage contains the

exi sting "send all" distribution |ist handle and the connection address
whi ch has been previously stored in the participant object. Thus, broadcast
nmessages sent using the "send all" distribution |ist handle, will also be

sent to the newly added conference participant. |If a participant join
nmessage has not previously been sent, process%' path 1520 is taken to
bypass adding the neM/partipif distribution |ist.

i ndex event is illustrated. A new pafticlpant Hmﬁgx event is used to
all ocate a position in a_conference ¥ participant list. The
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partici pant index event nmessage is received fromthe communication . - 35
- interface in processing block 1612. The arbitrator participant is
typically the originator of a new participant index nessage. The arbitrator
uses this nmessage to assign a new participant list index to the participant
recei ving the new participant index nmessage. The new partici pant index
event capability allows the arbitrgygg to dynamically manage the
participant |lists ofF g ERRE §-Her conference participants. The new
partici pant index regeg ' ew participant index nessage is saved in
processi ng bl ock 16 ; A r1t7i1gi pant
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I ndex is the new index assigned to the receiving participant by the
arbitrator. The receiving participant's own participant object residing in
the participant list at an old participant index is noved to a new position
corresponding to the new participant index. A placeholder participant
object is stored in the old index position in the participant |ist
(processing block 1616). The pl acehol der partici pant object keeps the
position of objects in all conference participant's participant list the
sanme. An owner index in all objects is reassigned to the new parti ci pant

i ndex .in processing bl ock—4{18. Al objects maintained within the receiving
participant carry an owfer_iNdex that defines the participant index of the
participant to which th& dbjfct i s assigned. These objects include pages
-and .annot ations which are&~edntrol [ ed by the owning participant. Reassigning
the owner index allows thege 1910
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obj ects to be associated with the new participant index. In processing

bl ock 1620, the partici pant nessage queue of the receiving participant -
36 - is flushed. Participant object nessages having the new participant

i ndex are generated by the receiving participant and sent to all other
conference participants in processing block 1620. In this manner, other
conference participants becone aware of the new participant index of the
receiving participant. O her conference participants will acknow edge the
transm ssion of the receiving objects participant object nessage by sending
their own participant object nessages
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thereby generating a new participant event as described in connection with
Figures 14 and 15a. Processing for the new partici pant

t.erm nates through return bubble 1622. Referring now to Figures 17 through

t he Request Merge event processing of the present
il lustrated. The Request Merge nessage is used by a joining participant to
participant to merge the joining participant
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added into the current set of neeting pages. Thus, the present invention
has the advantage that current conference participants may gain the benefit
of information previously generated and provided by a - 37 - joining
participant. At the sane tinme, the joining participant benefits by
receiving the informati on generated during the course of an ongoing
neeting. If the participant receiving the Reqguest Merge nessage is not the
arbitrator, processing path 1716 is taken to processing block 1720 where

t he Request Merge nessage is forwarded to the arbitrator participant and
the receiving participant returns in 2110
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bubble 1722 with no further action. If the receiving participant is the
arbitrator, processing path 1718 is taken to decision block 1724. In sone
situations, the arbitrator participant is busy processing a previously
recei ved nessage. In this case, processing path 1726 is taken and the
Request Merge nessage i s queued for processing by the arbitrator at a
future time (processing block 1730). Processing in this case returns

t hrough return bubble 1732. If the arbitrator participant is not busy,
processing path 1728 is taken to decision block 1734. The present invention
provi des a nmeans for inplenmenting a reduced capability meeti ng manager
denoted Junp Start. This reduced capability system does not provide the
capability to nerge a joining participant after a neeting.has al ready
begun. Thus, if the joining participant requesting a nerge operation joins
a nmeeting already in

2210
- —

MERGE PAGE LIST 375 SHEET HAS BEEN 1
EVENT PROCESSING REPLACED

l 2212
=

JOINING PARTICIPANT SENDS A
PAGE LIST TO THE ARBITRATOR
TO BE MERGED. THE JOINING
PARTICIPANT REPLACES ITS
PAGE LIST WITH THE
ARBITRATOR'S PAGE LIST

l 2214
-

ARBITRATOR ADDS THE JOINING
PARTICIPANT TO THE
ARBITRATOR'S SEND ALL LIST
SO THE JOINING PARTICIPANT
WILL RECEIVE ANY
MODIFICATIONS

l 2216
. /
ARBITRATOR RECEIVES THE
PAGE LIST TO BE MERGED FROM
THE JOINING PARTICIPANT AND

INITIALIZES A MERGE PAGE
LIST LOOP

FIGURE 22



progress, processing path 1742 is taken to processing bl ock 1746 where a
di sconnect nessage is sent to the joining participant and the Request Merge
processing term nates through return bubble 1748. The reduced capability
system which is incapable of perform ng the - 38 - full nerge
capabilities of the full systen1 i s purposely reduced in capability to

' ' I'f the joining participant is not a reduced
g is not already in progress, processing for
nues through the bubble | abeled B illustrated

2310
.

capability systemor a
t he Request Merge event
in Figure 18.
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Referring now to Figure 18, processing for a Request Merge nessage
continues at the bubble |labeled B. At this point, the arbitrator
Earticipant, which is processing the Request Merge nessage, is ready to
egin the merge process. The first step in this process is to suppress the
background transfer of |arge objects or |arge data bl ocks across the
comuni cation nediumuntil conpletion of the nmerge process (processing .
bl ock 1810). As described earlier, one of the nmain benefits of the present
i nvention is that the structure of2‘ eting is distinct fromthe neeting
data itself. Thg ect structure fromthe object data itself
provi des an optlnlﬁEBG T T@wes That is, in order to nerge neetings,
only the structyre ik ’fchg, ich is typically small in size, is
needed. The | arge anou D] €ect data are separated fromthe neeting
structure and the transfef of such3512

INITIALIZE A MERGE
ANNOTATION LIST LOOP

"0
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data is suppressed during the nerge process.
data transfer of the object data for

mer ge process,
rresumed and requests for

Fol | owi ng conpl eti on of the
| arge objects is
necessary data transfers are processed. Two

benefits of the separation of object structure fromobject data follow in

the present invention.

First,

the nerge process conpl etes nore quickly

39 -
transfer of the object
cont ai ns duplicate cop

t he object,

at A
el o
Q | ',

allowing the participants to continue with their tasks.
i s not needed, because each participant already

Secondly, if

subsequent object data transfers

are avoi ded. By suppre t he background transfer or | ow
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priority transfer of |arge object data blocks, the entire bandwi dth of the
communi cation nedium may be enployed to facilitate the nerge process. This
all ows the merge process to be conpleted nore quickly. In processing bl ock

1812, a nessage is displayed to the arbitrator participa .
process is active. The arbitrator state is set to a busy CBRATHEES HASOBEEN
prevent subsequently received Request Merge nessages fr int BEFiAGEDNG th

current nerge process (processing block 1812). In decision block 1814, the
meeting identifier provided in tABSRRgEast Merge nessage is conmpared with
the currently active neeting identifier. If the nmerge neeting identifier is
equal to the curr METHAIEtAND ARPARATUISe FORNdORNTNGNRARTDQSPAXES unkodi fi ed,
no nerge operati ord iGOMBIHIER SONFERENGINGCSF¥ETEYr ocessing path 1816 it taken
to the bubbl e | Fhelprdsént inlveatioatie dn appargtuseariPmethod for joining -

participants in a conferencing system. In a computer conferencing

\V

systém having a plurality of participants coupled by a communication
medium, each participant of the plurality of participants having a
meeting manager, a process and apparatus is disclosed for joining
participants in the conferencing system. This process comprises the
steps of: 1) collecting public meeting information generated by any of
the plurality of participants, the public meeting information includes
zero or more pages of annotations; 2) receiving a connection indication
from a joining participant; 3) receiving joining meeting information
from the joining participant; 4) comparing the public meeting
information with the joining meeting information and generating a set
of differences; and 5) selectively sending. the set of differences to the
joining participant or the plurality of participants or both the joining
participant and the plurality of participants. The process of the present
invention further includes the step of collecting private meeting
information from a local participant in which the meeting manager is
resident. The private meeting information is different from the public
meeting information and the private meeting information is not
accessible to participants of the plurality of conference participants

other than the local participant.

This Sheet Has Been Re d

LT



where a merge conplete nmessage is sent to the participant requesting nerge
(processing bl ock 1920) and processing term nates through return bubble
1922. 1f, however, the nmerge neeting identifier is not equal to the current
mmeeting identifier or the contents of either neeting have been nodifi ed,
processing path 1818 is taken to decision block 1820. If both the nerge
neeting and the current neeting have only - 40 - one bl ank page, both
neetings are considered enpty or null. In this case, processing path 1822
is taken to processing block 1826 where a neeting equal nessage is sent to

- the partici pant,d SA4ERE HVEASh, BHe%hd Bnly one participant of the plurality

of participants is assigned an arbitrator status, the arbitrator status

being dynamically modifiable. The ope participant is denoted as the
arbitrator participant.

THIS SHEET HAS BEEN
(Figure 3) ~ REPLACED

seet Has Been Replaced

\\Il\l“ M




page identifier. Processing then term nates through ret
the current neeting or the mgrge nmeeting contains non-blank p

processi ng 18248 erueel the bubble | abeled C |IIustratedq1 g %ﬁ
Ref erri ng ndwrePLAGENGP ; P

natify that participant to set the bl ank pages of each to the sane
- - s 55
ags

conti nues at\ t¢qre"bubbl e | ab¢l &d C. Continuing the nerge process if the.
joining partjc pqq&Nma§W& y \ngn- bl ank pages, procg I.n at h i s taken
to processing blo 1916. I tthi s case, the joinif S entering
a conferenceiw E of neeting pages that nus@ be nerged into the
current neetijng pages 0 - bf the other existing confgerence

partici pants. .cconpllshtrns task, the arbitrator p%ﬁicipmﬂ sends a
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N, o

request the joining participant to send its page list to the arbitrator
(processing block 1916). The.page;list sent by the joining participant wll
he merged by the[ qyh| ifeMenm $WEES {he current meeting. The joining
participant willlr ) the arbitrator by sending a Merge Page

Li st nessage to the ar bw,b%‘gprocessi ng bl ock 1916). The processing
performed by thela bit2 r*“m negponse to a Merge Page List nessage is
illustrated in Flgures 22 and.23. |Once the arbitrator - 41 - has
received the joi fing participant'g page list, the arbitrator's page |list is
sent to the joinilng parti-ei-part—to repl ack the joini Wi%ﬂ@gﬂ@
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page |ist (processing block 1921). Processing for the Request Merge event
t hen term nates thrquoh-the-retur—bopbl e 1922. |f processing path 1912 is
taken, the receipt fﬁth@qEMENErSH §ft) ci pant's page list for the nerge page
list event, Figures {225 W [ happeh asynchronously at a later tinme and
the "send nerge conyl ete1qe;$@\ag¢96 prpcessing bl ock 1920 will not be
executed. Referring|stlill to Fi gur e 1D, if the joining participant has no
non- bl ank pages (prdcesstng—patir-t914), processing bl ock 1918 is executed.
The arbitrator sendq the current neet}ng Rage list,ta the, joipjn
participant in proceSsing block 1918. The~j oi ni nggmi%ﬁ'ﬂ% aces its
neeting page list with the page list received fromthe arbitrator. The
arbitrator sends a Merge Conplete nessagest 0 the joining participant in

processi ng bl ock 1920. Processing for éhe
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Request Merge event then term nates through the return bubble 1922.
Referring now to Figures 20 and 21, processing for the Merge Conpl ete event
is illustrated. Fi gpe-20—t+t+ustrateg the processing performed by the
arbitrator partici panRefaeraE#eSHEETCdnpl et e message. Figure 21 illustrates
t he processing perforped—by a joinijnd participant in response to a Merge
Conpl et e nessage.l%ﬁtnrigg“ﬂp*%%o Fijgure 20, the Merge Conpl ete event

e arbi't

420

‘processi ng performed by ratdr begins as the arbitrator sends the

Merge Conpl ete messag t he joining participant (processing
bl ock 2012) to enablle the joi ning 4 Sobetitite Sheet-13/11/%

—+

-z

410
Z
MEETING MANAGER
CONTROL LOGIC
412 414 416
Z Z 2z
PUBLIC PRIVATE MEETING
MEETING MEETING PARTICIPANTS
' }18 422 ‘4(26
{ — : § —— : | 1 428
| ersT | | rmrst | ! | aRBITRATOR
11 PAGE |, ™| PAGE | ! L] PARTICIPANT | |
t ' t ' 1 '
: : ' : ! 1 430
: ! : ! ooms T
' ' 420 ' " i | PARTICIPANT |
1] secono |t J ' | secono | ! ! ‘
| PAGE | . 71 Pace |. i ' 432
] { 1 i t )
' ' t ' + | ANOTHER ’}/
' ' ! : 1 | PARTICIPANT | .
' ‘ " Vo ' :
| THIRD | 1R Al ,'Jﬂ
] PAGE | ¢ 1 PAGE | 1| anotHER |
! | ' ; I'| PARTICIPANT | |
3 1 ' ' t s
@ “mees-me=- @ o me-m==- ® cccccanan=a '
o ® [ J
[ ] [
CURRENT CURRENT
PAGE PAGE

FIGURE 4



participant to receive nessages broadcast to al
The arbitrator adds the joining participant to the send al

(processing bl ock

2014). As a resu

been narked for deletion by the ar

l i st
t of a merge operation, objects nay be

duplicate pages o
t he merge process.
purged in processi
transfer of |arge

resumed in process
state in processin

subsequent request

REP@%@M BgT mq !

g

| ock 2020 to e

itrator. For exanple, blank pages or
i st may be marked for deletion during

ask, the objects marked for deletion are
ng bl ock 2016. Befcause the nmerge process is conplete, the
otje& NG ?%rge data bl ocks across the network is
ing bl ock 2018.1 The arb%trator statitute Sheet-124046not - busy

nable the arbitrator to process
ration. In addition, a Merge Conplete

message i s displayed on the’ user's di spl ay screen using the human |nterface
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Finally, the current page pointer is reset to point to the page which was
the current page before the nerge process began. The arbitrator processes
any pending arbitrator nmessages in processing block 2022 and Merge Conpl ete
event processing term nates through return bubble 2024. Referring now to

Figure 21, the Mer ¢é processing for a joining participant is
R R AT SHEE,

illustrated. In pradc
Merge Conpl ete nesgage sent by thej arbitrator.

2, the joining participant receives the
The newly joined parti ci pant

sends a Partici pant Joi ©h2 NOV 1996 - 6 Sistitute Sheet-12/11/56
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ot her conference participants.
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List event is

illustrated.

I n processing block 2212,

t he j oi ni ng

participant sends a page list to the arbitrator to be merged into the

current neetif
arbitrator's

joining parti
participant w
The arbitrato
I n processing
whi ch starts

AN TSP
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Referring now to Figure 23,

the Merge Page List event processing

conti.nues as the arbitrator gets the next page to be nerged in processing

bl ock 2310. |f tHhi
is taken to proc
structure is del
the joining part
operation termn
i st has not bee
2320 where the a
page identifier

currently in the
bl ock 2328 where

bt 0. A Merge Cqny
ctp
at a?%rough t he

L] aaacdaad
CaoTTeu, |JI UL

bitrator page I|i
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CGS<
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)ge in the page |ist,
where the joining participant's page |i st
| ete nmessage is sent by the arbitrator to
i ng bl ock 2318 and the Merge Page Li st

processing path 2314,

t he page
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I f there is¥no matching page
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a_page is added to the arbitrator's page list and the page is broadcast to

other conference participants in the send al
top of the Merge Page Li st

® WEPLAeEvaNd sAepPag
—pr-0cessi-ng—pa
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2326. The annot at
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- 45 - equal, processing path 2334 is taken to processing bl ock 2336 where
the j.oining parthipant's duplicate page is added to the free list. Adding
the joining participant's duplicate page to the free list effectively
del et es the page fWOMlthew@MﬂTsﬂﬂﬂDdge | ist. Processing continues for the
next page at the tppret—the wprgc Page List | oop through the bubble |abel ed
Ein Figure 23. Ifja @@I 8 the nmerge annotation |ist processing the
annotation list of the1ﬁé§ 98 ¢ nrerged are found to be unequal,
processing path 23B2{is taken.to tthe top of the Merge Page List Ioop
through the bubblejlabeled E. In thils casdl both pagdstitute Sheetd2ABS6in the
page list. The Mer illustrated in Figure 23 conti nues
until each page in the page list has been processed.
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Referring now to Figure 24, the nerge annotation |ist. processing is
illustrated. The processing illustrated in Figures 24 and 25 is initiated
as aresult of t execution of processing block 2326 illustrated in Figure

3. In this case, REPBQ‘EFV;EW £§ 0 ning participant is to be nerged with a
page fromthe cufr .J_[%%_ I h processing block 2412, a nerge
I S initialiked. This loop is iterated for each

annotation list | .
annotation in th¢ annb2dP6A996 st jof the page to be merged fromthe joining

participant. In precessing bl ock 2414, eacﬁbannot at | .Ln the ?nEo% ation
list of the joining participani s |page i s 0Obtained. e e
annotation |ist been reached (processing path 2418), the annotation
i's processed through the bub abeled Gillustrated in Figure 25. If the
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- 46 - been reached or is null, pro
bl ock 2422. |f each_of the annotations fromthe joining participant page

cessing path 2420 is taken to decision
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| oop that signals the fact that the annotations of the joining participant
page .and the current page |list page are not equal. Processing then returns
to the Merge Page List Ioop_tﬂrough the return bubble 2432. Referring to

| i st processing continues at the bubble

Figure 25, the-me
| abel ed G |n'tﬂt§§€T§EQp'Q§t‘n otation of the joining participant page has
been found tolbd non-enpty. Thejannotation fromthe joining participant

page i s conparle hNOVirB36&t  ohs in the ggnotation || page
in decision bliock 2510. If ther¢ is no annotation wit e sane | entirfier
in the local ahn processi ng path 258B810s taken to processing

bl ock 2516. In{this case

OtNEW DARTICIBANT |
is added to th Iisg‘ésﬁﬁ% nel

sent to all other conference particrra
for the

J oi ni ng partici pant page
y added annotation is
-s;gni all list. Processing
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- 47 - next annotation begins at the top of the annotation list |oop
t hrough the bubble labeled F illustrated in Figure 24. If there is an

4 | PR - |

annot ati on wth—the ?ﬁﬁ%ﬂ;:‘ﬁ ifier in the local annotation |ist,
processi ng aaﬁﬁp‘i@ﬂﬁ kenl to deci sion block 2518. In this case, the
r
n

annotation firdmthe joining| participant page is conpared with the

annot ation ijn |t heol gOvI19%age |ist. If the content of the local annotation
i s inconpl etle for the joining participant' slannot at i estitateBret-24H¥%et e,
processi ng pgatdh—2522-rs-taken{to processifr’l% bl ock 2524. In this case, the
jolning parthcipant’s annowﬂcﬂéwuenca
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is substituted for the annotation in the local page. This task is perforned "~

by broadcasting a replace annotation nessage to other conference

partici pants. The other conference participants respond to this nessage by
replacing the I ocal annotation with the joining participant's annotation
sent with the replace annotation nessage (processing block 2524). The |ocal
annotation object is then deleted by adding the annotation to the free |i st
i n processing block 2526. Processing for the next annotation continues

t hrough the bubble |abeled F illustrated iy Figure 24,, Ref erLi In to
deci sion bl ock 2518, if the | ggal annotaii%% data is %ﬁ%% én%?t?ﬂ@ﬁ?
joining participant's annotgtionydata is | ess conplete, processing path

2520 is taken to processing\blBock 2528. In this case, the annotation from
the joining participant's payesfrovi des no additional _information not

al ready in the 1810 REPLACEMENT SHEET
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THE MERGE PROCESS e
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|l ocal page. Thus, the joining participant's annotation object is deleted
- 48 - by adding the object to the free list in processing block 2528.
Processing then continues mnth the next annotation through the bubble
I'abel ed F as ]%ﬂﬁﬁhﬁhﬁwr f7 qure 24. Thus, an inproved nethod and
apparatus for J rflﬂL nts in a conferencing systemis discl osed.
This specificlajrangenents a d nmet hods herein are nerely illustrative of
the principles ¢f 1BINOV @ntj dn. Nunerous nodifications in formand detai

may be made by those of ordinarly skill in the art wthout departing from
t he scope
17 Substitute Sheet-12/11/96
1916
. prd
21 2 SEND A REQUEST FOR THE
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JOINING PARTICIPANT YES PAGE LIST FOR MERGING.
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? PAGE LIST EVENT
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PAGELIST PAGE LIST
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1920
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SEND A MERGE
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—
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of the present invention. Although this invention has been shown in
relation to a particular enbodi nent, it should not be considered so
limted. Rather, the present_jpvention is |limted only by the scope of the
appended cl aigrrs; el @l . I'n a conputer conferencing system having a
plurality of |p ?‘-}E{}E@gmtﬂjﬂgp ed by a communi caci on nmedi um each
participant of [said pluralit f participants having a neeting nanager,

sai d neeting jrelhader NO¥MIP6siing: means for collecting public neetin
information g nEr ated by anyloft said 18 Sustitute M‘wwgs(
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plurality of participanes, said public nmeeting information including zero
or nore pages of annotations; neans for receiving joining neeting
information froma joining participant: nmeans for conparing an annotation
in said public neetinig information with a second annocation in said
j 0i ni ng neetlngvlnfOfﬂa%TOn fromsaid joining participant and generating a
set of dlfﬂq lnge$§wand*me ns for selectively sending said set of
di f f er ences pduo—a dng participant in said plurality of participants.
2. The meéting et J aimed in claii@l furth@FdPH$F§H¥ﬁgzﬁ%é§s for

' nergﬁQﬁﬁsgtlno nformation froma |ocal participant in which
sai d neetijnd nanage es} dent, said private neeting information being
different ¥fromsaid public etlng information, sa®frivate nmeeting
I nformat i eto €4 =~ plurality of conference
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parici pants other than said |ocal participant. 3. The neeting manager as

clainmed in claim1 wherein a

first participant of said plurality of

participants is assigned an arbitrator status, said arbitrator status being
dynani cally nodifiable to allow transfer of arbitrator status froma first

partici pant
arbi trator phrigipkDEMENT
the partici ppnf—assrgned arg
sai d neans f

i pant, one participant being denoted as the

HEEThe nmeeting manage as clainmed in claim3 wherein

rator status is the only participant in which

rgtes. 5. The neeting nanager as clainmed in

r CQﬂ2 ap
claim1l1 furtheg ihtl ng ne?ns for maintaining a participant object |ist
et 12415

whi ch detine$ fihe presenece—o

participantsy 6. The neeting

al | particigants of
mManager as clained in claim5 further

i ncl udi ng nears—Hot
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reserving a position in said participant object list while said joining
parti.cipant is joining. 7. The neeting manager as clainmed in claiml
further including nmeans for notifying all other participants that said
joining participant has joined. 8. The neeting manager as clained in claim
7 wherein said neans for selectively sending said set of differences
further includes neans for sending said set of differences to said
plurality of participants only it said joiing metinwm%_%i@gl udes

i nformati on not already incl in said public nmeeting information.
-50-
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9. The neeting nanager as clained in claim1 wherein said neans for
sel ectively sending said set of differences further includes neans for

sending said

sai d joining

‘public nmeeting in
t
|

claim 3 further

parti ci pant.
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10. The neeting manager as clainmed in
or queuipg Messages g0 %3t ndk or
nferencing system having a plurality of
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ng ze
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of .annotations; receiving joining neeting information froma joining
parti,ci pant; conparing an annotation in said public neeting information
with a second annotation in said joining nmeeting information from said
joining participant and generating a set of differences; and selectively
sending said set of differences to at |east one participant in said
plurality of participants. 12. The process as cl ai ned st deetliofupgher

i ncluding the step of colleg ) private neeting information froma | ocal
participant in which said n g nmanager is resident, said private neeting

I nformati on being different said public neeting inf OrR'EP_ELA@ﬂ’IEH?aéi%ET
private neeting information n@t accessible to participarts \

plurality of conference parti ¢i pants other than said | oqal] participant.
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IS THERE 1
AN ANNOTATION No’zg 2
WITH THE SAME 1D IN
THE LOCAL ANNGTION
LIST
? 2516
z
ADD THE ANNOTATION TO THE
LOCAL ANNOTATION LIST AND
SEND THE ANNOTATION TO
ALL OF THE PARTICIPANTS IN
THE SEND ALL LIST
E
LOCAL ANNOTATION 2520
DATA INCOMPLETE AND THEN\\NO
JOINING PARTICIPANT'S
ANNOTATION DATA
- COMPLETE
?
2524 2528
) pd Y Z
oS AT
ETO ADD THE JOINING
A':J%%L‘I{\A%EI OTS%}?%C#E PARTICIPANT'S ANNOTATION
JOINING PARTICIPANT'S TOTHE FREE LIST
ANNOTATION
l 2526
7
- ADD THE LOCAL ANNOTATION
TO THE FREE LIST

FIGURE 25



13. . The process as clainmed in claim11l wherein a first participant of said
plurality of participants is assigned an arbitrator status, said arbitrator
status being dynamically nodifiable to allow transfer A

stat us fron?thg first participant to a second participa F&A@Qﬂ@ﬁgﬁé&ﬁ
partici pant being denoted as the arbitrator participapt} 14. The progegs as
clainmed in claim 13 wherein the participant assigned prpi tirlaNOV 99t s |i s
the only participant that perfornms said conparing step.}| 15. The procg¢s$ as
claimed in claim11l further including the step of maijntaini ng a partT ci pant
object list which defines the presence of all particilpants _of said
plurality of participants. 16. The process as clainmed in claim15 further
including the step of reserving a position in said participant object |ist
while said joining participant is joining.

Substitue Sheet-12/11/96
ABSTRACT OF DISCLOSURE

METHOD AND APPARATUS FOR JOINING PARTICIPANTS IN A
COMPUTER CONFERENCING SYSTEM
In a computer conferencing system having a plurality of participants 310,312
coupled by a communication medium 3 15, each participant having a meeting
manager 320,324, a process for joining a participant 314 comprises 1)
collecting public meeting information generated by any of the plurality of
participants 310,312, the public meeting information including zero or more
pages of annotations; 2) receiving a connection indication from a joining
participant 314; 3)receiving joining meeting information from the joining
participant; 4) comparing the public meeting information with the joining
meeting information and generating a set of differences; and 5) selectively
sending the set of differences to the joining participant or the plurality of
participants or both the joining participant and the plurality of participants.
A further step includes collecting private meeting information from a local
participant in which the meeting rﬁanager is resident. One participaﬁt is

assigned an arbitrator status, (state AP).

(Figure 3)



17. The process as clained in clain1 $¥?. ér1|nclud|ng t he ep

notifying all_other part|C|pants th

-51- 18.

selectlvely
sendi ng said
sai d joining neetlng i'nf Srmati on i ncl
public neetlng i nformati on. 19. The process as

in said
wher ei n
i ncl udes

SiiliheI’gf ﬂg’f*ﬂ%t‘eﬁa? e%cé syscem gavmg a p?uraq.icy ) par::.:pancs

_—vr..u

The gmfess as~clarmed in clalml érein sald

i d
LT e T ?gf;:{ﬁe AT S M S PRS o

nf ormati on

ste sel ectivel.y sendin

cammuUnLca Lon medxum. each participant of saild plurality of
par:;:ipan:s having 2 meeting manager, said meeting manager comprising:

means for collecting public mesting informacion generated by any of said
plurality of participants, said public meeting informatioen including zere or
more pages of annocations;

means for receiving joining meeting information from a jozn;ng parcicipanc:

means for comparing an aanotatlion in said public meeting information wich a
second annotation in said jeining meeting information from gaid jeiniz
pazticipant and generating a set of differances; and

means £or selectively sending said set of differences to at least one
arcticipanst iz said plurality of participancs.

2. The me-c-ng manager as claimed in e¢laim 1 furcher including meansz for
collecting private meecing Infarmakion frem a lecal participant in which
said meeting manager is rasidenc, said private meecing information being
different from said public mesting information, said private meeting
information not accessible Ca participants of said pluralicy of conferaence
participants other than said local participant.

3, The meecing manager as claimed in claim 1 wherein a firsc participant of
said plurality of partsicipants is assigned an arbitrator sctatus, said
arbicrator stasus being dynamically modifiasble to allow zranafer of
arbitrater status from a £irst parsticipant ¢o a second parcticipant, qne
parcticipant being denoted as she arbitrator parcicipant. .

4. The wmeeting manager as claimed in claim 3 wherein the pazticipane
agsigned azblezator status is the only participant in which said means for
comparing cperatas.

3. The meecing manager as claimed in claim 1 further including means for
maintaining a participant cbject list which defines the presence of all
participants of said plurality of participants.

§. The meeting manager as claimed in claim 5 further including means for
reserving a position in said participant cbject list while said joining
parcicipant is joining.

7. The meeting manager as claimed in claim 1 furcher ineluding means for
notifying all other participants that said joining participant has joined.

8. The meeking manager as c¢claimed in claim 2 wherain said means for
gelectively sending said sat of differences further includes means for
sending said set of differences ta said plurality of participants only if
said joining meeting information includes infermation not already included
in said public meeting izformation.
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set of dlfferences to said-joiming participant only if spid bt ¥
i nformation i nc“lum "anm!m not already included in s%EP&A?ES‘ﬁﬁNT gﬁétﬁ'
nmeet.y ng i nforma cess as clainmed in clain 1B Tather
incl udi ng the step of queU|ng fessages to said arbitrato aaqu;?EgaﬁGB 41
The process as clained in claim13 fu&bper I ncluding thefstep o
transferying object, data subsequent t the transfer | Eet-—StruTCture.
22. A co 'e"F'a @Gﬁf’é’%"eﬁi‘f"ﬁ ‘f]é‘n?‘gé? aim 3 Eﬁ‘%ﬂeﬂ‘ “??

coupl ed pyS E%% | ﬂhff e &F?ﬁ P'
parti ci pan"[%r‘i AL F‘rgf g %,’a-)‘ & i "’rﬁiﬁ%ge
arbitn‘ator%pf FTlW?F Frﬁf’ ol SRR Achi Y ane

any of spi 5T¥ﬁ8?pants said public neeting |nfornat|on

i ncl udes f'or .O'rQe neeci%gp&qxggerogs acqn%e%c nciaim 3 furchker including means for
gueuing messages to szald arbitrator participant.

11. In a computer conferencing system having a plurality of participants
coupled by a communicacion medium, each parcicipant of said plurality of
parcicipants having a meeting manager, a process for joining participancs
comprising the scteps of;

¢ollecting public meeting information generated by any of said plurality of
participants, said public meeting information including zero or mora pages
of annctations;

recelving joining meeting information from a jeining parcicipant;

comparing an annotaeion in =aid publi¢ meeting information with a second
annotaktion in said joining meeting information from sald joining participant
and generating a set of differences: and

selectively sending said set of differencesg ko at least one part-cipan: in
said plurality of participants,

12. The process ag claimed in claim 11 further including the step of
collecting private meeting information from a local participant in whvch
said meating manager is resident, said private meeving information bein
different from sald public meeting information, saild private meeting
information not accedsible to parcicipants of said plurality of conference
participants other than said local participanc.

13. The process as claimed in claim 1l wherein 2 first pazticipant of said
plurality of participants is assigned an arbitrator status, said arbitrxator

status baing dynamically modifiable to allow transfer of the arbitrator
scatus from che first participant vto a second participanc, said one
parcicipanc being denaced ag the arbitrator parcicipanc.

14. The process as claimed in claim 13 wherein che participant assigned
arbitrator status is the only participant tkat performs said compazing step,

15. The process as claimed in claim 11 further including the sStep of
naintaining a participanz object lises whien defines the presence of all
parcicipants of said plurality of participaacs.

18. The process as claimed in claim 15 further ircluding the step of
reserving a position in said parcticipant object lisc while said joining
participant is joining.

17. The process as claimed iz claim 11 further including the step of
notifying all other parcicipants thac said joining participant has joinad,




a comuni cations nediumused to transfer a connﬁmuﬂm,llnmuﬂymr and
joining neeting information froma joining parthf : rcuitry
used to conpare an annotation in said public neetiﬁb i'nf &rnlti'on with a
second annotation in said joining neeting i nformation and generating a set
of differences; and processing el ectresi-cs used to selectively send said
set of di faergRCeSodass Yrecfimsfitd d1QiMI1A0wRAE A GhDRHcep TF Seletuiwlyt y Of
partici palyedi@Ndai JeOWRI i rfenddd £@fchiRi Lhel @il B BOEY o€l fEaAlnARdisai d
pluralitylQt faatecrBaddsSeo said plurality of participants only if said joining

eeting information includes information not already included in said public
meeting information.

19. The process a3 claimed in claim 11 wherain sald step of selectively
sending said set of differences furcher includes the step of sending said
set of differences to said jeining pazticipane only if said public meeting
information includes informatien not already included in said joining
eeting information.

20, The procesgs as claimed iz claim 13 facher including the step of queuing
%essages to said arbitrater participant.

21. The process as claimed in c¢laim 13 fuyrther including che step of
transferring object data subsequent to the transfer of object structurxe.

22. A computer conferencing system having a plurality of participants
coupled Ly a communication medium, each participant of said pluralicy of
parcicipants having a meeting manager, sald meeting manager comprising:

an arbitrater participant gollecting public meecing information generated by
any of said pluralicy of participants, said public meeting information
includes zero or more pages of aznnoctacions;

a communications medium used to transfer a connection indication and joining
meeting information from a jeining partieipant:

lagic cirecuiery used to compars an annotation in said public meeting
information with a secoad annotacion in said joining meeting informatien and
generating a get of differences; arnd

processing electronics used to selectively gend said gset of differences to
one of said joining participant, said plurality of participants, and a
grouping of all of said joining participant and said plurality of participsnts.




