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1. Field of the Invention The present invention relates to t he
field of a networked conputer system Specifically, the pr esent/ P

I nvention relates to the transfer and 5 synchronization of nmultiple data
streans across a conputer network or various types of communi cation
medi a. 2. Descri ption of Related Art In a networked |
conput er system i s often necessary to send ITU|'[I\?| e streans of
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i nmpl ement data streams as a plurality of dat a packets that can be
1. Field of the Invention

The present invention relates to the field of a networked computer
system. Specifically, the present invention relates to the transfer and
5 synchronization of multiple data streams across a computer network or
various types of communication media.
2. Description of Related Art
In a networked computer system, it is often necessary to send
multiple streams of data to a remote network site. Typically, the streams
10  of data must be processed in the correct order and synchronized with
respect to each data stream. For example, audio and video streams in a
teleconferencing application must be synchronized to provide the correct
relationship between the audio and video data. Conventional systems
implement data streams as a plurality of data packets that can be
15 independently transferred across a network. Currently, packetized data
| streams may be synchronized by interleaving the data packets that make
up the streams in such a way that the packets are sent to the network in
synchronized order. This interleaving method has several drawbacks.
First, not all networks can guarantee an in-order delivery of data
20 packets. The synchronization between data streams may be lost by a
network that randomly delays the transfer of a data packet. Secondly,
even if in-order delivery of packets is guaranteed, the interleaving

method does not allow synchronization of data streams where the data



15 ingependently transferred across a network. Currently, packetized data
streans may be synchroni zed by interleaving the data packets that make
up the streams in such a way that the packets are sent to the network in
synchroni zed order. This interleaving nmethod has several drawbacks.
First, not all networks can guarantee an in-order delivery of data 20
packets. The synchroni zation between data streans may be | ost by a
network that randomy del ays the transfer of a data packet. Secondly,
even if in-order delivery of packets is guaranteed, the interleaving
met hod does not all ow synchroni zation of data streans where the data
-2- stream cannot be sent in a_spngle interleaved stream For
exanpl e,
stream cannot be sent in a single interleaved stream. For example,
where the data streams are sent on different network channels, two
different network addresses, or on different networks, the data streams
cannot be sent in a single interleaved stream. In other situations,

5 multiple originators or producers of data streams (i.e. servers) may exist
on a network. In this case, data streams from a single server must be
synchronized with respect to each other; but, synchronization from one
server to another may not be required. In other situations it may be
necessary to mix a set of data streams originated by multiple servers into

10  one unified data stream for delivery to a client network node. For
example, instead of two servers each sending an audio and video stream
to a client node for processing, it may be more efficient to mix the audio
signals into a unified stream which then must be synchronized with both
video streams. Conventional systems are incapable of providing these

15 multiple levels of data stream synchronization.

- Thus, a better method for synchronizing multiple independent

data streams in a networked computer system is needed.



where the data streans are sent on different network channels, two

di fferent network addresses, or on different networks, the data streans
cannot be sent in a single interleaved stream In other situations, 5
~nmultiple originators or producers of data streans (i.e. servers) may exi st
on a network. In this case, data streans froma single server nust be
synchroni zed with respect to each other; but, synchronization from one
server to another may not be required. In other situations it may be
necessary to mx a set of data streans originated by nultiple servers into
10 one unified data streamfor delivery to a client network node. For
exanpl e, instead of two servers each sending an audi 0 and vi deo stream

to a client node for processing, it nn9 be nore efficient to mx the audio
signals into a unified stream which then nust be synchronized with both

vi deo streans. Conventi onal systens are incapable of providing these 15
mul tiple |evel afQalal Thus, a better
met hod for syncéhHrer : e P data streans in a

net wor ked conput er ﬁ%ﬁ;

presen 1n9§x§§on 1s an apparatus and method for
synchronizing multiple independent data streams in a networked
computer system. In a computer network having a plurality of computer

5 systems coupled by a communication medium, one of the plurality of

computer systems being a server system, a different one of the plurality
of computer systems being a client system, a method for synchronizing a
data stream transferred from the server system to the client system, the
method comprising the steps of: 1) capturing information into a data

10  packet, the capturing step being performed by the server system; 2)
storing time information into the data packet, the time information
indicating when the capturing step is complete; 3) transferring the data
packet to the client system across the communication medium; 4)
initializing a virtual server system clock if the data packet is a first data

15 packet is the data stream,; 5) retrieving the time information from the
data packet; 6) comparing the time information with the virtual server
system clock; and 7) processing the information in the data packet if the
time information indicates a time equal to a time indicated by the virtual
server system clock. The present invention further includes the steps of:

20 1) scheduling processing of the information in the data packet if the time
information indicates a time later than a time indicated by the virtual

server system clock; and 2) diécarding the data packet if the ime



-3- - SUMWVARY OF THE | NVENTI ON The present invention is an
appar atus and net hod for synchroni zing nultiple i ndependent data
streans in a networked conputer system In a conputer network having a
P urality of computer 5 systens coupled by a communication nedium one of
the plurality of conput er systens being a server system a different
one of the plurality of conputer systens being a client system a

met hod for synchroni zing a data streamtransferred fromthe server
systemto the client system the met hod conprisi-ng the steps of: 1)
capturing information into a data 10 packet, the capturing step being
performed by the server system 2) “storing tine information into the
data packet, the tine information i ndi cati ng when the capturing step
is conplete; 3) transferring the data packet to the client systen1

across the conmmu |cat|on d|u itializing. a v er
system cl ock if! “gg pgzedequhreg Pre e ip ﬁ@d li’)é en\él
stream 5) ret rge%ér_r}%#gm{dcge information fromthe dat a packet ;. 6)

conparing the ti with the virtual server syst em cl ock;
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5 further advantage of the present invention to provide a means and
method for synchronizing data streams arriving from one server and
providing them to a client in the same time sequence as they were
captured. It is a further advantage of the present invention to provide a
data stream synchronization means and method wherein data streams
10  may take independent paths across a network. It is a further advantage
of the present invention to provide a means and method for mixing a
pluraﬁty of data streams for playback in one unified stream.
These and other advantages of the present invention are fully
described in the following detailed description of the preferred

15 embodiment._



20 1) scheduling processing of the information in the data packet if the

tinme information indicates a tinme later than a tine indicated by the
vi rtual server systemclock; and 2) discarding the data packet if the
td me -4-

information indicates a tinme earlier than a time indicated by the virtual
server system cl ock. It is therefore an advantage of the present
invention to provide a means and nmethod for tinme stanping packets of a
data stream It is a 5 further advantage of the present invention to
provi de a nmeans and met hod for synchronizing data streans arriving
fromone server and providing themto a client in the sane tine
sequence as they were captured. 1t 3 s a further advantage of the

present invention to provide a

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram illustrating the computer system

hardware used in the preferred embodiment.

Figure 2 illustrates a typical network environment in which the

s present invention operates.

Figure 3 illustrates a multiple server, multiple client network
environment.

Figure 4 illustrates a time line with associated data packets of a
data stream.

10 Figure 5 illustrates the data structure of a data packet.
Figures 6 through 9 are flow charts illustrating the processing -

logic of the present invention.



data stream synchroni zati on neans and nethod wherein data streans 10 rmay
t ake i ndependent paths across a network. It is a further advantage of
the present invention to provide a neans and nethod for m xing a
pdurality of data streanms for playback in one unified stream

These and ot her advantages of the present invention are fully

described in the follow ng detail ed description of the preferred 15

enbodi nent . BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 is a block diagramillustrating the conputer system har dwar e
used in the preferred enbodi nent. -6 -

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention is an apparatus and method for

synchronizing multiple independent data streams in a networked
computer system. In the following detailed description, numerous
5 specific details are set forth in order to provide a thorough

understanding of the 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 circumnstances, well known
structures, materials, circuits, and interfaces have not been shown or

10  described in detail in order to not unnecessarily obscure 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

15 for communicating information between computer system components.
These components coupled to Bus 100 include Processor 101.
Processor 101 may be implemented as any of a variety of commonly |
available microprocessors such as the 386 brand, 486 brand, or Pentium
brand micr_oprocessors manufactured by Intel Corporation, Santa Clara,

20 California. The Intel, 386, i486, and Pentium marks are trademarks of
Intel Corporation. It will be apparent of ordinary skill in the art that
other equivalent processors may be used with the present invention.

Other system components include Random Access Memory (RAM)



Figure 2 illustrates a typical network environment in which the 5 present

I nventi on operates. Figure 3 illustrates a multiple server,

mul tiple client network envi ronnent . : Figure 4 illustrates a
time line with associ ated data packets of a - data stream 10

Figure 5 illustrates the data structure of a data packet.

Figures 6 through 9 are flow charts illustrating the processing | ogi c
of the present invention.

- 6- DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT The

present invention is an apparatus and yﬂat hod f or

102, Read Only Memory (ROM) 103, and mass storage device or disk
drive 104. The computer system of the preferred embodiment also
includes a display device 105 coupled to the Bus 100 for displaying
information to a computer user, an alphanumeric input device 106
5 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 cémmunicating command selections to
10 thé Processor 101. Display device 105 may be a liquid crystal device, a
cathode ray tube, 61' 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,
trackball, or stylus device allowing the computer user to dynamically
15 signal the two dimensional movement of a visible symbol (i.e., cursor)
on the displéy.screen of display device 105. Many implementations of
the cursor control device 107 are well known in the art including
trackball systems, mouse systems, joy sticks, stylus, or special keys on
the alphanumeric input device 106 capable of signaling movement in a
20 given direction. Signal generation device 112 is typically implemented
as a button or switch located on or near the cursor control device 107.
The computer system used in the preferred embodiment includes

a communication interface 108 coupled to Bus 100. Communication



synchroni zing nmultiple independent data streans in a networked

conputer system In the follow ng detail ed description, nunerous 5
specific details are set forth in order to provide a thorough

under standi ng of the 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 circunstances, well known
structures, materials, circuits, and interfaces have not been shown or 10

described in detail in order to not unnecessarily obscure the present

I nventi on. Referring now to_Figure 1, a block diagramof the
conput er system hardware used i n Bhe preferred enbodinent is
illustrated. The conput er systemused in the preferred enbodi nent

conprises a Bus 100 15 for comruni cating infornmation between conputer
o ocessor 101, Mieitace 08880 GOBIHAGP beoTHBLBIAoBEt R IF 2 var i ety of
or Pent um  CoOpmP AR EREC DTS PP ne Al Ty TR CORIPL R Ron,
Santa Care, 200 SOk oA Tl Yo oF e P SRE B IR S,
0 e o1t oA R R B b e e
(RAM 5 communication media 110 include well known Local Area Networks
| (LAN) such as Ethernet, Wide Area Networks (WAN), telephone
modem links, or other well known and conventional computer
networking technology.
The computer system of the preferred embodiment also includes
10  video hardware subsystem 114 and audio hardware subsystem 116 both
coupled to Bus 100. A video source 118, such as a video camera or
video tape player, is coupled to video hardware subsystem 114. An
audio source 120, such as a microphone or audio tape player, is coupled
to audio hardware subsystem 116. Video hardware subsystem 114
15 provides a means by which the computer system of the preferred
embodiment may receive video signals and convert the video signals for
transfer to other system components as a stream of digital video
information via Bus 100. Similarly, audio hardware subsystem 116
provides a means by which the present invention may receive audio
20  signals and convert the audio signals to a stream of digital audio
information for transfer to other system components via Bus 100. In a
similar manner, the video data streams provided by video hardware

subsystem 114 and the audio data streams provided by audio hardware



-7- 102, Read Only Menory (ROV) 103, and nmass storage device or disk
drive 104. The conputer system of the preferred enbodi ment al so

i ncludes a display device 105 coupled to the Bus 100 for displaying
information to a conmputer user, an al phanuneric input device 106 5
coupled to the Bus 100 for conmmuni cating information and command

sel ections to the Processor 101, a pointing device or cursor control

devi ce 107 coupled to the Bus 100 for conmmuni cating information and
command sel ections to Processor 101, and a signal generation device

112 coupled to the Bus 100 for conmuni cat®ng conmand sel ections to 10 the
Processor 101. Display device 105 may be a liquid crystal device, a _
cat hode ray tube, or other suitable display device. A phanuneric input
device 106 is typically an al phanuneric or function key keyboard.

POl 19, ot C Sl ST ROt el R Srkap e rbleoriRty |
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communication medium 110. The present invention provides a means
and method for synchronizing these data streams in a networked
5 computer system. Except as described herein, the configuration and
interconnection of computer system components as illustrated in Figure
1 are well known to those of ordinary skill in the art.
Referring now to Figure 2, a typical environment in which the
present invention operates is illustrated. The present invention operates
10 in an environment comprising a set of computer systems linked in a
network topology by a communication medium 210. It will be apparent
to those of ordinary skill in the art that any arbitrary number of
computer systems may be so linked. In the example network
environment illustrated in Figure 2, each computer system 214, 216 and
15 222 is shown coupled to communication medium 210. Each of these
computer systems comprise components such as those illustrated in
- Figure 1. Computer systems 214 and 216 may be coupled to video
rendering devices, such as a display, and audié playback devices.
Computer system 222 may be coupled to a video source and an audio
20 source. For example, computer system 214 is coupled to video
rendering device 228 and audio playback device 230. Similarly,

computer system 222 is coupled to video source 240 and audio source

242. It is not necessary for each computer system coupled to



on the display screen of display device 105. Many inplenentations of

the cursor control device 107 are well known in the art including
trackbal | systens, nouse systens, joy sticks, stylus, or special keys on
t.he al phanuneric input device 106 capabl e of signaling novenent in a 20
given direction. Signal generation device 112 is typically inplenented
as a button or switch | ocated on or near the cursor control device 107.

The conputer systemused in the preferred enbodi nent includes a
comuni cation interface 108 coupled to Bus 100. Communi cati on
- 8- interface 108 is al so coupl#d-to a comuni cati on nedi um 110.

Communi cation interface 108 provides a neans for the conputer system
to communicate with a network of other conputer systens. A variety of

communication medium 210 to have video rendering devices, video
sources, audio playback devices, and/or audio sources connected to
them. In a variety of configurations, computer systems coupled to
communication medium 210 may independently be coupled to a video
5 source or rendering device and an audio source or playback device, a
video source only, an audio source only, or neither a video source or
audio source. A single video source or audio source may also be shared
between two computer systems. In any of these configurations, the
video source provides a stream of video data which a computer system

10 may provide to other computer systems via communication medium
210. Similarly, an audio source provides'a steam of audio data which
may be provided to other computer systems via communication medium
210. It will be apparent to one of ordinary skill in the art that data types
other than video or audio may equivalently be supported.

15 A computer system on which video or audio data steams originate
is called a server for the data streams. In the example of Figure 2,
computer system 222 is a server. When acting as a server, computer
system 222 receives video signals via video source 240 and audio -

~ signals via audio source 242 and converts these signals to video and

20 audio data streams, which are provided to other computer systems via
communication medium 210. These data streams are transferred on
communication medium 210 by server 222 and transported to remote

computer systems such as computer system 214 and 216. Any remote



networks or communication nedia are well known in the art. These 5

comuni cation nedia 110 i nclude well known Local Area Networks (LAN)
such as Ethernet, Wde Area Networks (WAN), tel ephone nodem | i nks, or
at her well known and conventi onal conputer net wor ki ng technol ogy.

The conputer system of the preferred enbodi nent also includes 10 video

har dwar e subsystem 114 and audi o hardware subsystem 116 both coupl ed
to Bus 100. A video source 118, such as a video canera or vi deo t ape
pl ayer, is coupled to video hardware subdystem 114. An audi o source
120, such as a m crophone or audio tape player, is coupled to audio
har dwar e subsystem 116. Vi deo hardware subsystem 114 15 provi des a neans
by which the conputer systemof the preferred enbodi ment may receive
vi deo si gnal s comiputensystemnt teeeiving dati gfresinss from a server ardfendetiagairher
system conponents as a streamof digital video . information via Bus
100. Simi | ar | yplaying theldataitona docal usgrsisdmomirbas a clignt systens fer thealata by whi ch
the present invention may receive audio 20 signals and convert the audio
signals to a sitfeams. ofhus, dn €SNl SEIVET SYStemoS Al 0aginater of dafafer to ot her
system conmponents via Bus,.100. In g .Simlar manner, the video data

streans provi (eEEaEIs QiR GlRRE BHRETR 1S a recefyes g cenyurmar ghdata Wreams. o dat a
streams pr OSVi dﬁ'(nje ct:]ﬁ{en%uscjlfist%nrf & Idevs\%gﬁsiblé for synchronizing the data streams
arriving from a server and for rendering the data streams to a local user
in the same time sequence as the data streams were captured by the
Server system. It is not essential to the preécnt invention that the data
streams from the server arrive on the same network media. Itis only
10 important that the data streams are provided in some way to a client
computer system via a communication medium. The client system may
then synchronize the data streams and render them to a local user using
the technique taught herein.
Although the example illustrated in Figure 2 shows a single server
15 system 222, the present invention is applicable to network environments
’ wherein mulﬁple servers and multiple clients exist on the network at one
time. A multiple server, multiple client network configuration is
illustrated in Figure 3.
Referring to Figure 3, servers 310 and 312 are coupled to clients
20 320 and 322 via communication medium 314, 316 and 324. A portion
of network medium 316 is blown up in Fi gure 3 to illustrate the multiple
independent data streams 318 concurrently being transferred across

network medium 316 from servers 310 and 312 to clients 320 and 322.



- 9- subsystem 116 may be transferred under control
net wor ked conputer systens via conmunication interface 108
i nvention provides a neans

to ot her

and comuni cati on nedium 110. The present

of Processor

101

and nethod for synchronizing these data streans in a networked 5 conputer
system Except as described herein, the configuration and

I nt erconnecti on of conputer system conponents as illustrated in Figure

| are well known to those of ordinary skill in the art.

Referring now to Figure 2, a typical environment in which the pr esent
I nvention operates is illustrated. The present invention operates 10 in an
envi ronment conprising a set of conputi¥r -systens linked in a net wor k

t opol ogy by a communi cation nedium 210. It will be apparent to those

of ordinary skill in the art that any arbitrary nunber of conput er

systens may be so linked. In the exanpl e network envi r onnent
i | lustrated i kachglatastzecamaddataspearss 33 fsomsisz 0f a seg@enoelof 8aB22 is shown
coupl ed to conmuni catjon nmedi um 210. Each of these

10

packets. Each data packet comprises a portion of information captured
by a server system. This information may represent a captured video
image, or portion thereof, a captured audio representation or any other
collection of information that may be represented as binary information.
In a typical implementation, the video hardware subsystem of a server
system captures a video image and creates a sequence of data packets
that are transferréd across network 316 as one of data streams 318.
Similarly, other data streams of data steams 318 are generated by other
server systems. In the synchronization process of the present invention,
the client system seeks to establish the same time line or
synchronization for rendering the data packets as was present during the
capturing of the data packets performed by the corresponding server
system. In this manner, the client system is able to render information

in a manner corresponding to the way the information was captured by a

~ server system. This synchronization can occur regardless of the manner

- by which the information is transferred between the server and client

20

systems. Moreover, the present invention can be used to synchronize
data streams with respect to each other. In this manner, a video stream
may be synchronized with an audio stream and rendered by a client
system appropriately. Further details of the synchronization process of

the present invention follow. -



conput er systens conprise conponents such as those illustrated in
Figure 1. Conputer systens 214 and 216 nay be coupled to video
renderi ng devices, such as a display, and audi o pl ayback devi ces.
Comput er system 222 nmay be coupled to a video source and an audio 20

source. For exanple, conputer system 214 is coupled to video renderi ng
devi ce 228 and audi o pl ayback device 230. Simlarly, conputer system
222 is coupled to video source 240 and audi o source 242. It is not
necessary for each conputer system coupled to

- 10 - comuni cati on nedium 210 to have vi deo rendering devices,

vi deo sources, audi o playback devi es. and/ or audi o sources connect ed
to them In a variety of configurations, conputer systens coupled to

~ Referring now to Figure 4, data packets P] to Pp are shown on a
ﬁme line. Data packets P] through Pp represent the data packets of a
data stream such as data stream D illustrated in Figure 3.- Each packet
comprises information collected or captured during a time frame defined
5 by a beginning capture time and an ending capture time. For example,
referring to Figure 4, packet P1 comprises information captured between
time ta and time th. A function CT defines the capture time for a
particular packet of a data stream. As illustrated in Figure 4, the capture
time for packet P1, CT (P1) is defined as the time period between ta and
10 tp. In one embodiment of the present invention, the capture time for
each data packet of a data stream is identical and preset to some fixed
value. In.an alternative embodiment of the present invention, the
capture time for each data packet of a data stream may be different.
Thus, function CT is used to determine the capture time for a particular
15 data packet. As indicated by the equations in Figure 4, the ending
capture time, th, may be determined by knowing the beginning capture
time, ta, and the capture time CT (P1). Similarly, the beginning capture
time, ta, may be determined if the ending capture time, tb, and the
capture time CT (P1) is known. Similar computations may be
20 performed for each data packet P] through Pn of a data stream.
In support of the synchronization process of the present invention,
a ﬁme stamp is applied to each data packet of a data stream. When a

server computer system captures data into data packets, the server



comuni cati on nmedi um 210 may i ndependently be coupled to a video 5 source
or rendering device and an audi o source or playback device, a vi deo
source only, an audio source only, or neither a video source or audi o
source. A single video source or audio source may al so be shared

bet ween two conputer systens. In any of these configurations, the

vi deo source provides a stream of video data which a conputer system 10 may

provi de to other conputer systens via conmunication medi um 210.
Simlarly, an audio source provides a gjeam of audio data which may be
provi ded to other conputer systens via comruni cation nmedi um 210. It
w Il be apparent to one of ordinary skill in the art that data types

ot her than video or audio may equivalently be supported. 15 A

conput er syst g@fRs Misohter dRrkaimaysiocedth packee ofithedataistrgaen. In the s
called a server tfor the data streans. In the exanple of Figure 2,
conput er syst gﬁfbfé?x%d @mbodienamet; thivWtiene stamm geprssents ¢he gystenoeipok éime
system 222 recCeives video signals via video source 240 and audio

signal s via awudilse datarpazkedending capturertimet s, Sonjihel exampleiitlgstraied 20
audi o data streams, which are provided to othg corrpute]é?s stens via
comuni cat i on indtgure 4,1be M§&I@®ﬁﬁpbﬁ¢&ﬁﬁc td 1sdbsf Qé@“’@ﬁtﬁr
conmmuni cati on nmedi um 210 by server 222 and tr.ansported.to renot

conput er syst eystesuclockds essiued 1o e mAnpiopiGakly ARG qoé‘%?i the
' system clock ticks. Thus, CT (P1) equals the number of system clock

ticks between ta and th. Each data packet generated by a server is
stamped with the ending capture time of the packet. Thus, packet P2 is
stamped with time td, packet P3 is stamped with time tf, and packet Pn
10 is time stamped with time ty. In this manner, each data packet of a data
stream is referenced to a unique position on a data stream time line, such
as the one illu§trated in Figure 4. Each data packet is thereby associated
with a fixed moment in time on the server system clock. |
Referring now to Figure 3, the data structure of two data packets
15 410 and 412 are illustrated. In the example of Figure 4, data packet 410
corresponds to packet P1 and data packet 412 corresponds to packet P2.
Each data packet in a data stream comprises a data steam
identifier 414, a packet identifier 416, a packet time stamp 418, and
packet capture data 420 as illustrated in Figure 5. Data stream identifier
20 414 uniciuely identifies the data stream of which the data packet is a
member. The data stream identifier 414 may include an encoded value
representing the source of capture data 420 or the identity of the server

that generated the data packet 410. It will be apparent to one of ordinary



conputer systemreceiving data streans froma server and rendering or
playing the data to a |ocal user is known as a client systemfor the data
streans. Thus, in general, a server systemis an originator of data

streans and a client systemis a receiver or consuner of data streans. 5
The client systemis responsible for synchronizing the data streans
arriving froma server and for rendering the data streans to a |ocal user
in the sane tinme sequence as the data streans were captured by the

server system It is not essential to the present invention that the data
streans fromthe server arrive on the sanme network nmedia. It is only 10

I nportant that the data streans are provi'ded in sone way to a client
conput er systemvia a comuni cation nedium The client system nmay t hen
synchroni ze the data streans and render themto a | ocal user using t he

EE%FF%:éféf’];\zgQ&‘@ﬁg#éﬂ'a%éha\'}eqthirgnseﬁﬁ% féﬂ%?u&{y_}l I[l)l’ gzin% k)nvent Ion | ISn
multiple cli en{%;ﬁte‘é%éa? %@g r nefto\agﬁelﬁtdqd% stdé&ﬁléﬁferﬂuﬁ%rgdfl?ger ver,
multiple cli e”%&l‘t&t’ﬁeﬁuﬁé?ﬁ'lﬁ% @’séd’fb {fiquely identify a particular data packet
within a data stream identified by data stream identifier 414. In the
5 preferred embodiment, packet identifier 416 is a consecutively
numbered sequence integer that defines a particular data packet's
relative position in a data stream relative to other data packets in the
data stream. Packet time stamp 418 is a binary value corresponding to
the time at which the capture of capture data 420 was completed by a
10  server system. For the example illustrated in Figure 4, capture for
packet P1 was completed at time tp. Referring égain to Figure 5, the
time tp is present on the server system clock 432 at the time capture is
complete for packet P]. During the process of building packetP1, a
server system captures data into region 420 of packet 410. When
15  capture for this packet is complete, the time from server clock 432 is
retrieved and stored in time stamp field 418. For the example of data
packet P1, the time in server clock 432 will be tb. Having completed the
generation of packet 410, the server system queues packet 410 for
transmission across a communication medium and begins to generate
20 the next data packet 412 in the data stream. In this case, the data stream
identifier 424 will be the same as data stream identifier 414 inthe
previous data packet 410. Packet idénﬁﬁer 426 will uniquely identify
data packet 412. A new set of capture data will be stored in capture data



illustrated in Figure 3. Referring to Figure 3, servers 310 and
312 are coupled to clients 20 320 and 322 via comuni cation medi um 314, 316

and 324. A portion of network medium 316 is blown up in Figure 3 to
idlustrate the nmultiple i ndependent data streans 318 concurrently
bei ng transferred across net wor k medi um 316 from servers 310 and 312
to clients 320 and 322. - 12

- Each data stream of data streanms 318 consist of a sequence of data
packets. Each data packet conprises a portion of information captured
by a server system This information nmay represent a captured video
i mge, or portion thereof, a captured audio representation or any ot her
- 16 -

region 430. When capture for data packet 412 is complete, the server
clock 434 is read and the capture complete time (t4) is stored in time
stamp field 428. In this manner, a server system generates a data stream
of data packets with a time stamp in each data packet that defines a

5 capture data time line for the data stream.

Referring now to Figure 6, a flowchart illustrates the processing
logic of the server system. The server processing starts by building the
initial portions of a data packet (processing block 612). The data stream

 identifier, the packet stream identifier, and any other initial fields of the

10 data packet are filled in processing block 612. The server system

| captures data and inserts the data into the data packet in processing
block 614. For example, digitized video information may be stored into
the capture data area 420 of the data packet in processing block 614.
The capture and storagé of data into the data packet continues until

15 eithera predetermi'ned timé period has elapsed or the capture data area
420 of the data packet is full. When this occurs, capture is complete and
processing path 620 is taken. If capture is not complete, processing path
618 is taken and the data capture process continues at processing block
614.

20 Once capture is complete, the capture complete time is read from
the server system clock in processing block 622. The capture complete
time is stored in the data packet in time stamp field 418 in processing

block 624. The data packet is queued for transmission across the



5 collection of information that may be represented as binary information.
In a typical inplenentation, the video hardware subsystem of a server
system captures a video inage and creates a sequence of data packets

t-hat are transferred across network 316 as one of data streamnms 318.
Simlarly, other data streans of data steans 318 are generated by other 10
server systens. In the synchroni zation process of the present invention,
the client system seeks to establish thgysane tinme line or

synchroni zation for rendering the data packets as was present during the
capturing of the data packets perforned by the correspondi ng server

system In this manner, the client systemis able to render information 15

server syst em CRERECATh BRAR i ProbAS 1A bSCREIE ANIBnE B e Chptite
r system yHch i . _
Systoms. hor eolere] frth EauRE (EREESInE PIBR0 [ Reh Y Pratitsie o

data streans %&Ek{gq%ﬁ&ret@ne@%@yaeket ik %eh@fﬁe@%@éessﬁ]g/f&%eﬁ ream 20

may be synchronized wth an audi o stream and rendered by a ©client

tSKZ t S;neggg[ Omsvﬂﬁ %ynst?gllrtfaﬂg%nafﬂ@i &irbﬁgl@bréé&sm‘grpd‘th @3 2zatemhbubstsless, of
-5 In the synchronization process of the present invention, the client
system seeks to establish the same data packet time line for rendering
the data packet that was established by the server system during the
capture process. Because the transfer of data packets across the
communication medium may occur at any arbitrary time or in any
10  arbitrary sequence, the client system must rebuild the data stream into
the same form and synchronization as the data stream generated by the
server system.
Referring now to Figures 7 through 9, the processing logic for the
.client system is illustrated. Referring now to Figure 7, the client system
15 receives a data packet in processing block 712. If this data packet is the
first packet received by the client system for this data stream, processing
path 718 is taken to processing block 720. Otherwise, processing path
716 is taken to the bubble labeled A and illustrated in Figure 8.
In processing block 720, the time stamp t] is retrieved from the
20 received first data packet. The virtual server clock or the initial position
on the data stream time line (k) is computed in processing block 720.
The value (k) is a variable residing in and maintained by the client

system that represents the virtual clock of the server system. The



- 13 - Referring now to Figure 4, data packets P[err] to
Plerr] are shown on a time line. Data packets P[err] through P[err]
represent the data packets of a data stream such as data stream D err]
iJlustrated in Figure 3. Each packet conprises information coll ected
or captured during a tine frame defined 5 by a beginning capture tine and
an ending capture tine. For exanple, - referring to Figure 4, packet :
P[err] conprises information captured between time ta and tinme t[err].
A function CT defines the capture tinme for a particul ar packet of a
data stream As illustrated in Figure_4g the capture time for packet
Plerr], CT (P[err]) is defined as the tinme period between ta and 10 tb. In
one enbodi nent of the present invention, the capture tinme for each
data packet of a data streamis identical and preset to sone fixed

val ue. In an avar@ble(k)zepresents thenvalue of itke perver systenve alackratithe

capture tine for each data, packet of a_ data stream nmay be gkif_fer,e,nt.

Thus, functiorﬁmentqusﬁwlilbﬂlfeﬁeédﬁﬁdedﬂtﬁét@am-uﬁeﬁ’ﬁ ohtk)ds gmitiallyul ar 15

dara packel o i eRes Bt e I AR Y GBS RE
tcggf ur te-a, and ﬁer}?ocf &P &}Jerfeustt idgl?a 1%:1&'?%? rtﬁé ziataséiu'néialniré%(Ptllﬂfa ‘A&%%Q{“ ng
5 value (d) is computed in processing block 722. The variable (d)
contains a time delta representing the difference between the client
system clock and the virtual server system clock represented by the
variable (k). The value df (d) is computed as the difference between the
client's current local systemn time and the virtual server system clock (k).
10 The values in variables (k) and (d) are used extensively during the
synchronization process of the present invention as will be described in
more detail below.
Once the initial processing for the first data packet is completed,
the first data packet P is rendered by the client's system in processing
15 block 724. Rendering a data packet comprises extracting the capture
data contained in the data packet and converting the data to a form
suitable for transfer to an appropriate output device, such as a display
device, a print device, an audio device, or other device compatible with
the type of information contained in the data packet. Means and
20  methods for rendering data from a data packet are well known to those
of ordinary skill in the art.
On completion of the rendering step in processing block 724,

processing control loops back to the top of the processing flow



time, ta, may be determned if the ending capture tine, tb, and the

capture tinme CT (P[err])

for each data packet P[err] through P[err] of a data stream

support of the

synchroni zati on process of the present invention,

time stanp is applied to each data packet of a data steam Wen a
server conputer system captures data into data packets, the server

- 14 - stanps its systemclock tinme into each packet of the data

stream In the

Plerr] is t[err]. The conputer 5 system

a

preferred enbodi nent, this tine stanp represents the
system cl ock tine at the data packet ending capture tine. Thus, for the
exanple illustrated in Figure 4, the gigrrg stanp applied to packet

ock is assuned to be a

Is known. Simlar conputations may be 20 perforned

In

nonot oni cal |l y increasing count of the system cl ock ticks. Thus, CT (P
1) equal s the nunber of system cl ock

10

15

20

illustrated in Figure 7 at the bubble labeled B. The next data packet is
received in processing block 712. In this case, this data packet will not
be the first data packet in the data stream. Therefore, processing path
716 is taken to the bubble labeled A illustrated in Figure 8.

Referring now to Figure 8, the capture system processing logic
continues at the bubble labeled A. The next packet received in
processing block 712 (P;) contains time stamp tj. The value of the
virtual server clock (k) is computed in processing block 810. The
virtual server clock (k) is set to the client current local system time less
the time delta (d). The value of (k) now represents the current position
on the data stream time line. The time stamp tj is used to determine
where on this time line the received packet Pj should be placed. The
beginning capture time for packet Pj is computed and used for this
process. The beginning capture time of packet Pj is the time stamp
value tj less the capture time CT of packet Pj. If the virtual server clock
(k) is equal to the starting capture time of packet Pj, processing path 814
is taken to processing block 820 where packet Pj is immediately
rendered. Processing for this packet then continues at the bubble labeled
C illustrated in Figure 9. If, however, the virtual server clock is not
equal to the starting capture time of packet Pj, processing path 816 is
taken to decision block 822. If the virtual server clock (k) is greater
than the starting capture time of packet Pj, processing i)ath 824 is taken

to processing block 828. In t_his case, the current posiﬁon in the data



ticks between ta and tb. Each data packet generated by a server is
stanped with the ending capture tine of the packet. Thus, packet P2 is
stanped with tinme td, packet P3 is stanped with tinme tf, and packet Pn 10
is time stanped with tinme ty. In this manner, each data packet of a data
streamis referenced to a unique position on a data streamtine line, such
as the one illustrated in Figure 4. Each data packet is thereby associated
with a fixed nonent in time on the server system cl ock.
Referring now to Figure 5, the data structure of two data packets 15 410
and 412 are illustrated. In the exanple of Figure 4, data packet 410
corresponds to packet P[err] and dat_azgagket 412 corresponds to packet P2.
Each data packet in a data stream conprises a data steam i dentifier
414, a packet identifier 416, a packet tinme stanp 418, and packet
capture data 420 as illustrated in Figure 5. Data streamidentifier 20 414
uni quel y i dent isticam time line has already passedi the pokidi atat errespokoeting $o ahis
menber. The data streamidentifier 414 nmay. inc|ude an encqded val ue
representing tK@atapack. %aﬁl%?@k%%&lﬂwcéﬁde@@ 3 le@armyabf the server
t hat generated the iiata acket 410. It wll be apparent io one of ordinary
n an alternative embodiment, a portion of a single packet is
discarded while the remainder of the packet is rendered. The starting

5 capture time of packet Pj can be used to generate an offset into the
packet that corresponds to the virtual sever clock time (k). If the
number of samples in the packet is known or if the starting capture time
of a subsequent packet is known, the offset into the current packet is
generated as an interpolation of these values with the virtual server

10 clock time (k). In this manner, the 6ffset into the packet corresponding
to (k) is computed. The portion of the packet Pi from the starting
capture time to the offset value is discarded. The portion of packet Pj
from the offset value to the and of the packet is rendered.

Processing then continues at the bubble labeled D illustrated in

15 Figure 9. If the virtual server clock is less than the start capture time of
packet Pi, processing path 826 is takeﬁ to processing block 830 where
the rendering of packet Pj is scheduled for a future time corresponding
to a number of client system clock ticks in advance of the current time.
This future time is computed as a number of ch'enr: systeﬁl clock ticks

20 equal to time stamp tj less the capture time CT of packet Pj less virtual
server clock value (k). Means and methods for scheduling the execution

of an event at a particular time in a computer is well known to those of



-, 15 - skill in the art that other neans for uniquely identifying a

particul ar -dat a - stream may be enpl oyed and encoded into data stream
identifier 414. Packet identifier 416 is used to uniquely identify a
particul ar data packet within a data streamidentified by data stream
identifier 414. In the 5 preferred enbodi ment, packet identifier 416 is a
consecutively nunber ed sequence integer that defines a particul ar data
packet's relative position in a data streamrelative to other data
packets in the data stream Packet time stanp 418 is a binary val ue
corresponding to the tine at which the capture of capture data 420 was
conpleted by a 10 server system Follt-he exanple illustrated in Figure 4,
capture for packet P[err] was conpleted at time t[err]. Referring
again to Figure 5, the. time tb is present on the server system cl ock
432 at the tine capture is conplete for packet Plerr]. During the

process of bui lotdingrpskitkin tecart.] Precessing foe thveclisytstystemaguntivees datize i nt o
regi on 420 of packet 410. Wien 15 capture for this packet is conplete, the
ti me from servdubblohbelksbDiidlustratedristlfigere® and stored in time stanp field
418. For the exanple of data packet Plerr], the time in server clock

432 will be t[err]. Rafeiring rovwppdtigura feclient proesssing lagic sonpavesat heo, t he

Communi oati on WBPIARRE e 08 copinjesien af HiE Yendering of Dacket B with a
5 time stamp tj, the current virtual server clock (k) is recomputed in
processing block 910. The value of the virtual server clock (k) is set to
the time stamp tj less the capture time CT of packét Pj plus the time
required to render RT packet Pi. The time required to render a packet is
represented by the function RT (P1). The time delta (d) is recomputed
10  in processing block 912. Time delta (d) is set to the client current local
system time less the value of a virtual server clock (k). If client ’
processing is selected to continue, processing path 916 is taken to the
bubble labeled B illustrated in Figure 7 where the next data packet of the
data stream is received. If client processing is selected for termination,
15 processing path 918 is taken and capture processing terminates at end
bubble 520.
| The process of the present invention described above maintains
the virtual server clock (k) and ensures that data packets are rendered by
the client system at the same time with respect to the virtual server clock
20 as they were captured. The virtual server clock variable (k) is efficiently
maintained in the present invention in that (k) is not updated on every
local system clock tick. Rather, a time delta (d) is maintained as the

difference between the client local system clock and the virtual server



20 the next data packet 412 in the data stream In this case, the data

stream identifier 424 will be the sane as data streamidentifier 414
in the previ ous data packet 410. Packet identifier 426 will uniquely
identify dat a packet 412. A new set of capture data will be stored in
capture data - 16 -

regi on 430. Wen capture for data packet 412 is conplete, the server
clock 434 is read and the capture conplete tine (td) is stored in tine
stanp field 428. In this manner, a server system generates a data stream
of data packets with a tine stanp in each data packet that defines a 5
capture data tine line for the data-styream Referring now to
Figure 6, a flowhart illustrates the processing

clock (k). Therefore, as the local s'ystem' clock is updated, the virtual

server clock (k) is also updated. The offset between the clocks is

recalculated for each correcily rendered packet to avoid clock skew

introduced if the local client clock runs slightly faster or slower than the
5 server system clock.

The process of the present invention described above details an
effective method of synéhronization of a data stream arriving from one
server. The same basic process may be used if there are multiple servers
supplying data streams to a single client system. In one case, the

10 streams from one server must be synchronized, but no synchronization
is required between streams from different servers. In this case, the
client system maintains a set of virtual clock offsets d1 to dp, one for
each server. In addition, a virtual server clock value kj is maintained for

each server system. When a data packet arrives from a particular server,

15 that server's virtual clock, ki, is calculated from the correct offset dj.
When a packet is finished rendering, the virtual clock offset dj for that
particular server is updated in a manner similar to the process described
above.

In some environments, it is necessary to mix a set of data streams

20 into one unified stream for playback. For example, instead of two
servers each sending an audio and video stream to a client for rendering,
it may be more efficient to mix the audio into a unified stream which

then must be synchronized with both video streams. In this case, the



Logi c of the server system The server processing starts by building the
initial portions of a data packet (processing block 612). The data stream
identifier, the packet streamidentifier, and any other initial fields of
the 10 data packet are filled in processing block 612. The server system
captures data and inserts the data into the data packet in processing

bl ock 614. For exanple, digitized video information nay be stored into
the capture data area 420 of the data packet in processing bl ock 614.

The capture and storage of data into the data packet continues until 15
either a predeterm ned tine period has el apsed or the capture data area
420 of the data packet is full. Wen thiss_occurs, capture is conplete and
processing path 620 is taken. |If capture is not conplete, processing path
618 is taken and the data capture process continues at processing bl ock

614. 20 _Once capture is conplete, the capture conplete tine is read
from t he ekenteystoys murst crainkaina st of adgualclocl okfses2Lor Therecthanur e
conpl ete time is stored in the data packet in tine stanp field 418 in

processing  OD®FYYRI.6Ehe mixed daydio paeRR: Must piesewe thertime stamps Siosn

across the C e . .
all of the originating servers. Therefore, the time stamp of a packet in

the mixed stream is a set of server identifiers and time stamp pairs. The
5 decision to render a packet is now made as a consensus of whether the
time stamps for each of the servers is ahead of or behind the virtual
clock value for that server.- A mixed data packet is scheduled for
rendering at a time which satisfies one or more of the virtual clocks.
When a mixed packet has been rendered, the virtual clock offsets for all
10  of the servers contributing to the mixed packet are updated.

Thus, an apparatus and method for synchronizing multiple
independent data streamé in a networked computer system is disclosed.
Although the present invention is described herein with reference to a
specific preferred embodiment, many modifications and variations

15 therein will readily occur to those of ordinary skill in the art.
Accordingly, all such variations and modifications are included within
the intended scope of the present invention as defined by the following

claims.



- 17 - conmmuni cati on rredi—um44ﬁr—ppeeessi—ng—b+ock 626. As long as the
capture process is not term -l eeniSl ng, path 630 is taken to .
processi ng bl ock 612 where a I's generated. Processing
for the server systemterm nat m CESSI ng path 632 at end

bubbl e 634” 5 In the synch cess of the present
I nventi on, M| ent-—... _system seeks to establ i sh the sanme data packet

time line fo ﬁwy” fhe data packet that_was established by the
Wa capture process. BeTmgSELLE ansfer of data

server systenk F
packets across t he * n| cation nedi um may OCCUgg, fHéﬁ;BEanb trary

time or in any 10 arbltrary sequence, the client S oS rebyild the
data streaminto the sane form and gynchronization as the data stream
generated by the server system Referring now to Figures 7
t hrough 9, ther sing logic for the - client systemis illustrated.
Referring now M@@e 7, the client system 15 receives a data packet in
processing block 712. If this data packet is the first packet received
by the client systemfor this data stream processing path 718 is

taken to process hﬁﬁi‘t SIS 9{29&2 | 716 i s taken
to the buBbI e ?a e?c@ gﬁgﬁvrustrm%%%%lpn o] ?chw%ﬁftrepsystems
processing bl ogkugfefd by AeohiinftlafiGR thediuts, o of EHEGIA tdf%o%?ptft@f:e' ved

first data packet virtual server or t p03| t1on
the data Stseaﬁyétbﬁ@ Hdlﬂga(dé}vérssﬁm,ué aeffmnpbﬁé@f%mwpmraﬁts d20.

computer systems being a client system, a method for synchronizing a

data stream transferred from said server system to said client system,
said method comprising the steps of: |
capturing information into a data packet, said capturing step being
10 performed by said server system;
storing time information into said data packet, said time
information indicating when said capturing step is complete;
transferring said data packet to said client system across said
communication medium;
15 initializing a virtual server system clock if said data packet is a
first data packet is said data stream;
retrieving said time information from said data packet;
comparing said time information with said virtual server system
clock; and
20 processing said information in said data packet if said time
information indicates a time equal to a time indicated by said virtual

server system clock.



The value (k) is a variable residing in and nai ntained by the client
systemthat represents the virtual clock of the server system The

- 18 - vari able (k) represents the value of the server systems

cl ock at the current position in the rendered data stream The val ue
of (k) isinitially set to the time stanp of the first data packet
(t[err]) less—the—capture period of the first data packet of the

dat a stream ﬂmgﬂmjmﬂul ther 5 wvalue (d) is conmputed in processing
bl ock 722. ,”mlr contains a tine delta representing the
di fference betwéen't ht ciient system cl ock and the virtual server
system cl ock represented by the - 2yariable (k). The value of (d) is

conputed as the difference between the " client's current |ocal system
time and the virtual server systemclock (k).

2. The method as claimed in claim 1 further including the step of:
scheduling processing of said information in said data packet if
said time information indicates a time later than a time indicated by said

virtual server system clock.

3. The method as claimed in claim 1 further including the step of:
discarding said data packet if said time information indicates a

time earlier than a time indicated by said virtual server system clock.

10 4. The method as claimed in claim 1 further including the steps of:
calculating an index into said information in said data packet
corresponding to a value in said virtual server system clock;
discarding a first portion of said data packet from a beginning
position in said data packet to a position in said data packet indicated by
15 said index; and
processing a second portion of said data packet from a position in
said data packet indicated by said index to an ending position of said

data packet.

20 5. In a computer network having a plurality of computer systems
coupled by a communication medium, one of said plurality of computer
systems being a server system, a different one of said plurality of

computer systems being a client system, a method for synchronizing



10 The values in variables (k) and (d) are used extensively during the
synchroni zati on process of the present invention as will be described in
nore detail bel ow Witial processing for the first
dat a packet is conpl et ed;lm/w | ['S ata packet P[err] is rendered by
the client's systemin pri ywm#k’h ck 724. Rendering a data packet
conprises extracting the capture =« a cont ai ned | ry ta packet and

converting the a—to a form suitable for tranﬂer%‘&?ﬁfr' riate
out evi ce, suct\ac% a di spl ay device, a print M@@_’fl.,«-s, Hn ]

devi C@yis ket Bis ‘ﬁ% ce conpatible with the type of information

cont al % packet. Means_appd_20 nethods for rendering da from
a datar\m | known to those of ordinary skill in the art.

On conp! on of the rendering step in processing block 724, -

processi ng control |oops back to the top of the processing flow
data streams transferred from said server system to said client system,

said method comprising the steps of:
capturing information into a first set of data packets, said
capturing step being performed by said server system;
5 capturing information into a second set of data packets, said
capturing step being performed by said server system;
storing time information into said first set of data packets, said
time information indicating when said capturing step is complete;
storing time information into said second set of data packets, said
10 time information indicating when said capturing step is complete;
transferring said first set of data packets to said client system
across said communication medium in a first data stream;
transferring said second set of data packets to said client system
across said communication medium in a.second data stream;
15 initializing a virtual server system clock if a data packet is a first
data packet is a data stream,;
retrieving said time information from data packets of said first set
or said second set of data packets;
| comparing said time information with said virtual server system
20 clock; and |
processing said information from data packets of said first set or
said second set of data packets if said time information indicates a time

equal to a time indicated by said virtual server system clock.



-, 19 - illustrated in Figure 7 at the bubble | abeled B. The next
data packet is received in processing block 712. In this case, this
data packet will not be the first data packet in the data stream

Therefore, processiw taken to the bubble |abeled A
illustrated in Figur lm, erring nowto Figure 8, the capture
system processi ng | odi ,” ”'"Hﬂ"_{!)# ﬁs at the bubble | abeled A. The next

packet received in pr ocessi ock 712 (Pi) contains tinme stanp ti.
The val ue of the virtual server clock (k) is conputed in processing

bl ock 810. The virtual server clock (k) is set to the client current

| ocal systemtine less 10 the time del2ad<d). The value of (k) now
represents the current position on the data streamtine line. The tine
stanp t[err] is used to determ ne where on this tinme line the received
packet P[err] should be placed. The begi nning capture tinme for packet
Plerr] is conputed and used for this process. The begi nni ng capture

time of packet Pi_is the time stanp 15 value t[err] less the capture tine
CT of packet F§.cFh¢ mathod iae claimadhin elerméy fustherincluding Kye stepefual to the
starting capture tine of_ packet P[err], processing path 814 i s taken
to processing bl ockscBedulingpsogrsskag obsaiddnformagion spm data paaketreofed.

Processing for thi acket then continyes at the pubble | abeled . C
i | lustrated irﬁ@ﬁéﬁﬁ&@mm&] ﬁﬁﬁmﬁﬁt Otflﬁfﬁttaxpaql%s ifsaid gme Iermagonot 20
equal to the starting capture tine aof packet P, preocessin ath 816 is
taken to deci s‘i“a‘f:aé?gﬁ%r’g%%wi %}‘%uﬁé)’t@?m%‘gbyéﬁuﬁVWl( SISY§FERL er

clock.

7. The method as claimed in claim 5 further including the step of:
discarding data packets of said first set or said second set of data
10  packets if said time information indicates a time earlier than a time

indicated by said virtual server system clock.

8. The method as claimed in claim 5 further including the steps of:
calculating an index into said information in data packets of said
15  first set or said second set of data packets corresponding to a value in
said virtual server system clock;
discarding a first portion of data packets of said first set or said
second set of data packets from a beginning position in said data packets
to a position in said data packets indicated by said index; and
20 processing a second portion of data packets of said first set or said
second set of data packets from a position ir said data packets indicated

by said index to an ending position of said data packets.



than the starting capture tine of packet Pi, processing path 824 is taken
to processing block 828. In this case, the current position in the data

- 20 - streamtinme |ine has already passed the position
corresponding to this dat a packet. Thus, the packet P[err] is

di scarded as a-late arrival In an alternative enbodi nent, a
portion of a si di scarded while the renai nder of the
packet is rende ﬂ"nlmmﬂwﬂ“m 5 ~capture tinme of packet P[err] can be
used to generate*antoffset isnto the packet that [CogfE

virtual sever clock tinme (k). If the nunber of ) et

is known or if the starting capture tinme- 28 -~ of a su
known, the offset into the current packet is

9. The method as claimed in claim 1 wherein said information captured

in said data packet comprises either video or audio information.

10. The method as claimed in claim 5 wherein said information captured
5 insaid first set of data packets comprises video information and said
information captured in said second set of data packets comprises audio

information.

11. In a computer network having a plurality of computer systems
10 coupled by a communication medium, one of said plurality of computer
systems being a server system, a different one of said plurality of
computer systems being a client system, an apparatus for synchronizing
a data stream transferred from said server system to said client system,
said apparatus comprising:
15 means for capturing information into a data packet, said means for
capturing residing in said server system,;
means for storing time information into said data packet, said time
information indicating when said means for capturing is finished;
means for transferring said data j)acket to said client system
20 across said communication medium;
means for initializing a virtual server system clock if said data
packet is a first data packet is said data stream;

means for retrieving said time information from said data packet;

—e
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generated as an interpol ation of these values with the virtual server 10
clock tinme (k). In this manner, the offset into the packet correspondi ng
to (k) is computed. The portlon of the packet Wthe starting
capture tine to the offset value is discarded. T n of packet P[err]
fromthe offset value to the and of the packet i Wﬂ@ ”ﬂ”lm
Processing then continues at the bubble |labeled Dildu 15 Figure
9. If the virtual server clock is Iess than the start capture t'i me of
packet P[err], processing path 826 is taken to processing bl ock 830 where
the rendering of packet Pi is scheduled for a future time corresponding

to a number of client systemclock ticks in advance of the current tine.

This future time is conputed as a nunber of client systemclock ticks 20
equal to time stanp t[err] | ess the capture time CT of packet Pi |ess

' I ' : f i h
\é;(traf:ﬂ?i on se(r);/ean even{ Btrﬂ?an(dg% cusiﬂgll?f;&gng@tr?gca{}g%%%q MUV\LP? Lngwn

to those of  gerver system clock; and

means for processing said information in said data packet if said
time information indicates a time equal to a time indicated by said

5 virtual server system clock.

12. The apparatus as claimed in claim 11 further including:
means for scheduling processing of said information in said data
packet if said time information indicates a time later than a time

10 indicated by said virtual server system clock.

13. The apparatus as claimed in claim 11 further including:
means for discarding said data packet if said time information
indicates a time earlier than a time indicated by said virtual server

15 system clock.

14. The apparatus as claimed in claim 11 further including:
means for calculating an index into said information in said data
packet corresponding to a value in said virtual server system clock;
20 means for discarding a first portion of said data packet from a
beginning position in said data packet toa position in said data packet

indicated by said index; and



-, 21 - ordinary skill in the art. Processing for the client system
continues at the bubble | abeled Dillustrated in Figure 9.
Referring now to Figure 9, client processing |logic continues at the

bubbl e | abeled C. On conpletion of the renderng—of—packet—Pferr] with a 5
time stanp t[err], the current virtual server ] nput ed in
processi ng bl ock 910. The val ue of the virtual ﬂlmtlulwulluﬂur" is set to
the tine stanp t[err] less the capture tine CT df packet PF ptus the tine
required to render RT packet P[err]. The tinme required to render a packet
S represented by the function RT (P[err]). The tine delta (d) is
reconputed 10 in processing block_ 92, Tine delta (d) is set to the client
current | ocal systemtime | ess the value of a virtual server clock
(k). If client processing is selected to continue, processing path 916
Is taken to the bubble | abeled B illustrated in Figure 7 where the
next data packet ofmé¢dms for processingsa second portmreof/said data packetdfrgmacessi ng
is selected for termination, 15 processi ng path 918 is taken and capture
processi ng t epasitinein saidalata packetiingdisatecbby said index to an enviieg pEsEEss of
the present invention described above naintains the virtual server
clock (k) and ofseid datatpagketiat a packets are rendered by the client
systemat the sanme tine with respect to the virtual server clock 20 as
they were captured. The virtual server clock variable (k) is efficiently

i nt ai ned 5i i ltg? T %rc%shﬁgﬁteir rﬁ\é?wngrikoﬁaé'iggtahﬁfuréllﬁ)y of conrﬁf)uf’éP g%t@ﬂlson every
coupled by a communication medium, one of said plurality of computer
systems being a server system, a different one of said plurality of
computer systems being a client system, an apparatus for synchronizing
data streams transferred from said server system to said client system,

10  said apparatus comprising:

means for capturing information into a first set of data packets,
said means for capturing residing in said server system;

means for capturing information into a second set of data packets,
said means for capturing residing in said server system;

15 means for storing time information into said first set of data
packets, said time information indicating when said means for capturing
is finished;

means for storing time information into said second set of data
packets, said time information indicating when said means for capturing

20 1s finished;

means for transferring said firstset of data packets to said client

system across said communication medium in a first data stream;



| pcal systemclock tick. Rather, a time delta (d) is maintained as the
difference between the client |ocal systemclock and the virtual server

- 22 - clock (k). Therefore, as the local systemclock is updated,
the virtual server clock (k) is also up ed- bet ween t he
clocks is recal cul ated for each correctly m 3 Il 0 avoid
cl ock skew introduced if the local client u ﬁ"m wﬂu mmw faster
or slower than the 5 server system cl ock. * ¢ LThé pfoc®tss of the
present invention described above details an effective nethod of
synchroni zation of a data streamarr4 ging from one server. The sane

basi c process may be used if there are nultiple servers

means for transferring said second set of 'data packets to said
client system across said communication medium in a second data
stream;

means for initializing a virtual server system clock if a data packet

5 is afirst data packet is a data stream;

means for retrieving said time information from data packets of -
said first set or said second set of data packets;

means for comparing :said time information with said virtual
server system clock; and

10 means for processing said information from data packets of said

first set or said second set of data packets if said time information
indicates a time equal to a time indicated by said virtual server system

clock.

15  16. The apparatus as claimed in claim 15 further including:
means for scheduling processing of said information from data
packets of said first set or said second set of data packets if said time
information indicates a time later than a time indicated by said virtual
server system clock.
20 |
17. The apparatus as claimed in claim 15 further including:



suppl yi ng data streans to a single client system In one case, the 10
streans from one server nust be synchronized, but no synchronization -
is required between streanms fromdifferent servers. In this case, the

ciient systemnmaintains a set of virtual clock offsets d e err],
one for each server. In addition, a virtual s r uﬂﬂﬂﬂ ki is
mai nt ai ned for each server system Wen a data rom a
particul ar server, 15 that server's virtual clock, ki, |s cal cul at’ed from
the correct offset di. When a packet is fi ni shed rendering, the
virtual clock offset di for that particul ar server is updated in a
manner simlar to the process described 32 = above. In sone
environnments, it is necessary to mx a set of data streans 20 into one

uni fied stream for playback For exanple, instead of two servers each

more officient o miscandoriicaRiibdid Falt: of Spid SRIRH Said secopd TV e
be synchroni zeq kBB AbKEEF Satt iR Thforati o ndiéfRs altitfie earlier than a

time indicated by said virtual server system clock.

5 18. The apparatus as claimed in claim 15 further including:
means for calculating an index into said information in data
packets of said first set or said second set of data packets corresponding
to a value in said virtual server system clock;
means for discarding a first portion of data packets of said first set
10 or said second set of data packets from a beginning position in said data
packets to a position in said data packets indicated by said index; and
means for processing a second portion of data packets of said first
set or said second set of data packets from a position in said data packets
indicated by said index to an ending position of said data packets.
15
19. The apparatus as claimed in claim 11 wherein said information
captured in said data packet comprises either video or audio

information.

20  20. The apparatus as claimed in claim 15 wherein said information
captured in said first set of data packets comprises video information
and said information captured in said second set of data packets

comprises audio information.



-, 23 - client systemnust maintain a set of virtual clock offsets
for nore than one server. The mixed audi o stream nust—preserve the

time stanps from all of the originating servers.”mmm I me
stanp of a packet in the m xed streamis a set ofl# F’"!H m‘,ers
M

and tinme stanp pairs. The 5 decision to render a packet®id néw as a
consensus of whether the time stanps for each of the servers is ahead
of or behind the virtual cl ock vatues for that server. A mxed data
packet is scheduled for rendering at a tinme which satisfies one or

nore of the vyirtual | ocks. m xed packet _has been rendered, the

We
virtual clockeffset FSF‘pﬂF?rlﬁet%‘?’gf 9 & P IR AU GOPEUERE i xed
-packet are upitateds, substantialllys, aan aprdndefsranddesdhised or with

synchroni zi ngoPUbERRLE Lo thel Bﬁ]p‘%ﬁﬁ treams in a networked
conput er systgm |L-s di sc?oslé .QQS no(ﬂaraﬁ“ﬁé‘q%r'esent invention is

descri bed herein with reference to a specific preferred enbodi nent,
many nodi fications and variations 15 therein will readily occur to those
of ordinary skill in the art. Accordingly, all such variations and
nodi fications are included within the i ntended scope of the present

i nvention as defined by the foll ow ng cl ai ns.
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1. In a conputer network having a plurality of conputer systens

coupl ed by a comuni cati on nedium one of said plurality of conputer 5
systens being a server system a different one of said plurality of
conputer systems being a client system,k a nethod for synchronizing a
data streamtransferred from said servdP systemto said client system

said met hodgorrpri sing the steps of: caﬁ uring information into
a data pack said capturing step being 10 perforiged by said server
system storingtine infornghign into sgg dat a packet, said
time i nfbrmatijon i ndi cati ng fwhen saijd capturin@idtep is conplete;
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transferring said data packet to said client systemacross said
comuni cati on medi um 15
if said data packet is a

and 20

i nformation indicates a tine equal

server system cl

ock.

228
i

initializing a virtual

server system cl ock

first data packeton said data stream
retrieving said in tinme information fromsaid data packet;
conparing said tinme information with said virtual

230
4

232

4

server system
processing said information in said data packet
to &/0i me indicated by said virtual

-
/

cl ock;
if said tine

- 25 -
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2. The nethod as clainmed in claim1 further including the step of:

8chedul i ng processing of said information in said data packet if sai d
time information indicates a tinme later than a tinme indicated by said
virtual server systemclock. 5 3. The method as clained in claiml
further including the step of: di scardi ng said data packet if
said time information indicates a jme earlier than a tinme indicated
by said virtual server system cl ock. 4. The method as clained in claim
1 further inclgding the steps of: cal cul abing an index into said
information i n2ssk d data packet correspondi ng t@k— value in said
virtual serverggyistem cl ock; di scardi ng as,ij rst portion of said
dat a packet frﬁ? begi nni ng position in said da packet to a
position in sa ata packet indicated by 15 said i%d x; and

processing a second portion of said data packet froma Jposition in

said data p&Kk| cated by said ijndex to an en@ ng posijtion of said
dat a packet “\ 28 5.1 In a conputer npetwork having "’a\algral ity of conputer
systens cpufied| by a communi catji on nedium one bf¥Faid plurality of
conput er $ySt e bei ng a servernl system a diffe[fert dne of said
plurality of ut ere systens Hei ng a client system—a nethod for
synchroni zi ng &
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- 26 - data streans transferred fromsaid server systemto said

client system said nethod conprising the steps of:

capturing information into a first set of data packets, said capturing
st ep being perfornmed by said server system 5 capturing
information into a second set of data packets, said capturing step
bei ng performed by said server system storing time information
into said first set of data packets, s4/8 time information indicating

when said capturing step is conplete; - storing tinme information
into said second set of data packets, said 10 time information indicating

when said capturing step is conplete;
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transferring said first set of data packets to said client system
across said comunication nediumin a first data stream

transferring said second set of data packets to said client system
across said conmunication nediumin a second data stream 15
initializing a virtual server systemclock if a data packet is a first

data packet in a data stream retrieving said tine information
from data packets of said first set 5/9r said second set of data
packet s; conparing said time information with said virtual
server system 20 cl ock; and processing said informati on from
data packets of said first set or said second set of data packets if
said tinme information indicates a tine equal to a time indicated by
said virtual server system cl ock.
- 27 -
410
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7 % 4 tb /
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. 418
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6. The method as clainmed in claim5 further including the step of:
sthedul i ng processing of said information from data packets of sai d
first set or said second set of data packets if said time information 5
indicates a tinme later than a tine indicated by said virtual server system
cl ock. 7. The method as clainmed in claim5 further including the
step of: di scardi ng data packets of said first set or said
second set of data 10 packets if said Pe information indicates a tine
earlier than a tine i ndi cated by sqﬁg virtual server system cl ock.

8. The nmethod as clainmed Lo -5 f ur yher including the steps of:

cal cul ating an i ndex i ny0 S€H R lgr i on in data packets of said 15
first set or said second.se | a pglckets corresponding to a value in
said virtual server syste =vaurk

di scarding a first portion of
dat a packets of said first set : a packets from
a begirnning position in said dag a packets to a position|in said data
packets indicated by : g12 processi ng a slecond portion
of data packets of g% nggﬁﬁﬁgggﬁg%$£YMT

IDENTIFIER AND PACKET IDENTIFIER

614

CAPTURE DATA AND INSERT DATA §
INTO PACKET |

CAPTURE
COMF;LETE

YES — 620

622

GET CAPTURE COMPLETE TIME
FROM SERVER SYSTEM CLOCK

624

STORE CAPTURE COMPLETE TIME IN
DATA PACKET TIME STAMP FIELD

626

QUEUE DATA PACKET FOR
TRANSITION ACROSS
COMMUNICATION MEDIUM

628 630

CONTINUE
CAPIURE

634

FIG.6



second set of data packets froma position in said data packets indicated
Py said index to an ending position of said data packets.

- 28 - 9. The nethod as clainmed in claim1 wherein said information
capt ur ed in said data packet conprises either video or audio

I nf or mati on. 10. The nmethod as clained in claim5 wherein said

I nformation captured 5 in said first_set of data packets conprises video
i nformati on and said i nformati on tured in said second set of data
packets conprises audio 710

CLIENT
PROCESSING  }
LOGIC _

RECEIVE A DATA PACKET

1S
THIS THE FIRST

PACKET OF THE
~DATA STREAN, g®

YES — 718

OBTAIN THE TIME STAMP t4 FROM

THE RECEIVED PACKET. COMPUTE § 720
THE INITIAL POSITION ON THE DATA §
STREAM TIME LINE (k) AS FOLLOWS: [
() =ty - CT (Py) WHERECT (P1) IS §
THE CAPTURE TIME PERIOD OF THE §
FIRST PACKET OF THE DATA  §
STREAM s

COMPUTE THE DIFFERENCE [
(TIMEDELTA)BETWEENTHE  E
CLIENT (LOCAL) SYSTEM CLOCK ANDE
THE SERVER (REMOTE) SYSTEM ¥
CLOCK AS FOLLOWS: ;

d = (current local system

time) - (k)

722

724

RENDER THE FIRST DATA
PACKET P4 IMMEDIATELY



i nformati on. 11. In a conputer network having a plurality of
conputer systens 10 coupled by a comuni cati on nedi um one of said

plurality of conputer systens being a server system a different one
of said plurality of conput er systens being a client system an
apparatus for synchronizing a data streamtransferred fromsaid server
systemto said client system sai d paratus conprising: 15

means for capturing information into a a packet, said neans for
capturing residing in said server system means for storing tine
information into said data packet, said tine I nformation indicating
when said neans for capturing is finished, nmeans for
transferring said data packet to said client system 20 across said
conmuni cat i on medi um means for initializing a virtual server
systemclock if said data packet is a first data packet in said data
stream nmeans r retrieving said tinme information from said

dat a packet;

RECEIVE PACKET P4 WITH TIME 810

STAMP £, COMPUTE THE VIRTUAL

SERVER CLOCK (k) AS FOLLOWS: |
(k) = (current local systems time) - (d) §

. )

814
YES

+ /820

RENDER THE DATAPACKETP;  E
IMMEDIATELY 1

-----------

824
YES

{y /828

DISCARD THE PACKET AS
A LATE ARRIVAL OR IN THE

ALTERNATIVE, COMPUTETHE
OFFSET POSITION IN THE PACKET E.
830 | CORRESPONDING TO THE VIRTUAL E
CLOCK TIME (k) AND RENDER THE E
DATA FROM THIS POSITION TO THE E
END OF THE PACKET “

THUS, (k) <t - CT (P).

SCHEDULE THE RENDERING OF
PACKET P;IN1; - CT (P} -k SYSTEM

CLOCKTICKS |




- 29 - means for conparing said tinme information with said

Vi rtual server system cl ock; and means for processing
said information in said data packet if said time information
ithdicates a tinme equal to atime indicated by said 5 virtual server

syst em cl ock. 12. The apparatus as clainmed in claim211l further

I ncl udi ng: nmeans for schedg&bng processing of said information
in said data packet if said time i“nformation indicates a tine |ater
than a tinme 10 indicated by said virtual server system cl ock. 13.
The apparatus as clained in claim 11 further including: means
for discarding said data packet if said tinme information I ndi cates a

time earlier than a tinme indicated by said virtual server 15 system clock. -

ON COMPLETION OF THE
RENDERING OF PACKET P;

WITH TIME STAMP t;

RE-COMPUTE THE CURRENT
VIRTUAL SERVER CLOCK
(k) AS FOLLOWS:

(k) =t;-CT (P;) + RT (P)
WHERE CT (P;) IS THE TIME

PERIOD REQUIRED TO CAPTURE
PACKET P; AND RT (P} IS THE TIME

PERIOD REQUIRED TO RENDER
PACKET P,

910

912

[ RE-COMPUTE THE TIME DELTA AS
FOLLOWS: d = (CURRENT LOCAL
SYSTEM TIME) - k

TERMINATE
CLIENT PROOCESSING

YES — 918
820

FIG.9



14. The apparatus as claimed in claim 11 further including:

means for calculating an index into said information in said data
packet corresponding to a value in said virtual server system clock; 20
means for discarding a first portion of said data pack froma

begi nning position in said data packet to a position i/n? dat a packet

I ndi cated by said index; and -1 - -
30 - means for processing a second portion | 40t cket
froma position in said data packet indicated by said i

endi ng position of said data pacRBSTRACT

(Figure 3)
A METHOD AND APPARATUS FOR SYNCHORNIZING MULTIPLE INDEPENDENT
DATA STREAMS IN A NETWORKED COMPUTER SYSTEM

An apparatus and method for synchronizing multiple independent
data streams in a networked computer system is disclosed. In a computer
network having a pluraﬁty of computer systems coupled by a

5 communication medium, one of the plurality of computer systems being
a server system, a different one of the plurality of computer systems
being a client system, a method for synchronizing a data stream
transferred from the server system to the client system, the method
comprising the steps of: 1) capturing information into a data packet, the

10  capturing step being performed by the server system; 2) storing time
information into the data packet, the time information indicating when
thé capturing step is complete; 3) transferring the data packet to the
client system across the communication medium; 4) initializing a virtual
server system clock if the data packet is a first data packet is the data

15 stream; 5) retrieving the time infohnaﬁon from the data packet; 6)
comparing the time information with the virtual server system clock;
and 7) processing the information in the data packet if the ime
information indicates a time equal to a time indicated by the virtual
server system clock. The present invention further includes the steps of:

20 1) scheduling processing of the information in the data packet if the time-
information indicates a time later than a time indicated by the virtual

server system clock; and 2) discarding the data packet if the time

This Sheet Has Been Replaced
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5715.- #mba conputer network having a plurality of conputer systens
coupl ed by a comruni cation nedium one of said plurality of conputer
systens being a server system a different one of said plurality of.

conputer systens being a client system an apparatus fpr nchroni zi ng

data streans transferred fromsaid server systemto s iaﬂkkg“ .system 10
sai d apparatus conpri sing: Tears for capt uf m@;“ f iLnto
a first set of data packets, said neans for capturing™res M [sai d

server system means for capturing information into a set
of data packets, said neans for capturing residing in said server
system 15 nmeans for storing tinme information into said first set

-

capturing inforpetioriicatel o Tink SaflieFhaR o P iEGeal B SERETERTE, O

into said s f a packets, said tine information indicating
when said nggﬁggégs&%gﬁ*ﬂﬁéng 20 i s finished; nmeans for

transferring said first set of data packets to said client - system
across said conmunication nmediumin a first data stream

This Sheet Has Been Replaced
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- 31 - means for transferring said second set of dataﬁéa@-lgegc?%”(,

. to said client system across said communi cation nediumin a second
data stream means for initializing a virtual serve?O
systemclock if a data packet 5 is a first data packet is a data stream
means for retrieving said tine information from data packets of sai d
first set or said second set of data packets; nmeans for
conparing said time information with said virtual server system
cl ock; and 10 means for processing said |nf$ﬁg§ﬁhgg55&9ps 9
packets of said first set or said second set ta packets it said
ti-me i nformation I ndicates a tinme equal to a tine indicated by said
virtual server system cl ock 15 16. The apparatus as clainmed in

claim15 further including: ABSTRACT OF DISCLOS
A METHOD AND APPARATUS FOR SYNCHRONIZING MULTIPLE

INDEPENDENT DATA STREAMS IN A NETWORKED COMPUTER
SYSTEM

Multiple independent data streams 318 transferred across a communication medium
from a server computer system 310, 312 to a client computer system 320, 322 are
synchronised by 1) capturing information into a data packet, the capturing step being
performed by the server system; 2) storing time information into the data packet, the
time information indicating when the capturing step is complete; 3) tré.nsferring the
data packet to the client system across the communication medium; 4) initializing a
virt_ual server ;sys;cem clock if the data packet is a first data packet in the data stream;
5) retrieving the time information from the data packet; 6) comparing the time
information with the virtual server system clock; and 7) processing the information
in the data packet if the time information indicates a time equal to a time indicated
by the virtual server system clock. The ; esent invention further includes the steps
of: 1) scheduling processing of the information in the data packet if the time
information indicates a time later than a time indicated by the virtual server system
clock; and 2) discarding the data packet if the time information indicates a time

earlier than a time indicated by the virtual server system clock.

(Figure 3)
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means for scheduling processing of said information fromdata packet s
of said first set or said second set of data packets if said tine :
“information indicates a tine later than a tine indicated by said V|rnJap
server system clock. 20 17. The apparatus as clained in claimi5
further including: - 32 -

means for discarding data packets of said first set or sa-d—second S
of data packets if said time information indicates a ti rfe REBIAGEMENT HltER
time indicated by said virtual server system cl ock.

19 AUG 1998

CLAIMS

1. In a computer network having a plurality of computer systems
coupled by a communication medium, one of said plurality of computer
S systems being a server system, a different one of said plurality of
computer systems being a client system, a method for synchronizing a
data stream transferred from said server system to said client system,
said method comprising the steps of:
capturing information into a data packet, said capturing step being
10 performed by said server system;
storing time information into said data packet, said ime
information indicating when said capturing step is complete;
transferring said data packet to said client system across said
communication medium;
15 initializing a virtual server system clock if said data packet is a
first data packet-g- said data stream;
retrieving said time information from said data packet;
comparing said time information with said virtual server system
clock; and
20 processing said information in said data packet if said time
information indicates a time equal to a time indicated by said virtual

server system clock.

Iy



5. 18. The apparatus as clainmed in claim15 further including: -

.means for calculating an index into said information in data packet s
of said first set or said second set of data packets correspanding to
a-value in said virtual server system clock; RERAEEMENT SHEET

1.0 :

di scarding a first portion of data packets of said firgt set—-36——or—s2j d
second set of data packets from a beginning position in aig d

packets to a position in said data packets indicated by dai 9i Q?%%n
means for processing a second portion of data packets qf {said first :
set or said second set of data packets froma position{in said data packFts
i ndicated by said index to an ending pgsition of said data-packets—i5—
19. The apparatus as clainmed in claim1ll wherein said information
captured in said data packet conprises either video or audio

(s}
[N

L0

i nformation. 20 20. The apparatus as claimed in claim15 wherein said

i nformation dagedttdanedransfesed ffomsdaid eérel sgatemn pRekiel clienwystesgs vi deo
i nformation and said information captured in said second sét of data
packets copad methodusbmprisihgrthesteps. of:

capturing information into a first set of data packets, said
capturing step being performed by said server system;
5 capturing information into a second set of data packets, said
capturing step being performed by said server system;
storing time information into said first set of data packets, said
time information indicating when said capturing step is complete;
storing time information into said second set of data packets, said
10 time information indicating when said capturing step is complete;
transferring said first set of data packets to said client system
across said communication medium in a first data stream;
transferring said second set of data packets to said client system
across said communication medium in a second data stream, |
15 initializing a virtual server system clock if a data packet is a first
data packet 1'1-'5!1' a data stream;
retrieving said time information from data packets of said first set
or said second set of data packets; _
' comparing said time information with said virtual server system
20 clock; and
processing said information from data packets of said first set or
said second set of data packets if said time information indicates a time

equal to a time indicated by said virtual server system clock.

I



- 33 - 21. A conputer network having a plurality of conputer systens,
_substantially as herei nbefore described, with reference to the acconpanyi ng

drawi ngs. REPLAGEMENT SHEET
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9. The method as claimed in claim 1 wherein said information captured

in said data packet comprises either video or audio information.

10. The method as claimed in claim 5 wherein said information captured
5 insaid first set of data packets comprises video information and said
information captured in said second set of data packets comprises audio

information.

11. In a computer network having a plurality of computer systems
10 coupled by a communication medium, one of said plurality of computer
systems being a server system, a different one of said plurality of
computer systems being a client system, an apparatus for synchronizing
a data stream transferred from said server system to said client system,
said apparatus comprising: "
15 means for capturing information into a data packet, said means for
capturing residing in said server system;.
means for storing time information into said data packet, said time
information indicating when said means for capturing is finished;
means for transferring said data packet to said client system
20 across said communication medium,
means for initializing a virtual server system clock if said data
packet is a first data packet is said data stream; '

means for retrieving said time information from said data packet;
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