‘357 Patent

Fdens, the Handbook and Sonos APA under 35 U.S,C, 103(a)

sample) frame time. The “sub-frame’ field of the Timestamp
therefore is set 10 zero in this embodiment.”)

A person of ordinary skill would have understood that this
disclosure from Edens was the claimed program instructions that,
when executed by the one or more processors, further caused the
first playback device to generate the device clock information of
the first playback device, because the generation of the time of
day, time sync and clock syne data could have been accomplished
in a device such as multimedia PC 170 or other playback devices
of Edens, such as when that playback device was the network
clock device and also the device that was obtaining audio data
from outside of the network and providing it to other playback
devices of Edens,

11. The first playback
device of claim 9,
wherein the control
information further
COMPrises one or more
instructions for the first
playback device and the
second playback device
to playback audio
information.

Hdens discloses that the control information further comprises one
or more instructions for the first playback device and the second
playback device to playback audio information. No limitations are
provided in regards to the format, substance ot type of instructions,
such that any instruction for the first playback device and the
second playback device to playback audio information meets this
limitation under the broadest reasonable interpretation,

Edens discloses that network devices such as the playback devices
can send commands to one ancther, pursuant to virtually any
protocol, which would include simple playback protocols suchas a
“play” command. See Edens at 11:26-30 {(“Network devices also
can utilize channels of the data stream to send custom commands
to one another, including control information, pursuant to virtually
any protocol known to such devices.”)

Hdens discloses that audio data can be played by surround sound
amplifier/speaker devices 153~158, which can be controlled by
control devices 190 and 195, which inherently requires
instructions for the first playback device and the second playback
device (e.g. two or more of surround sound amplifiers/speaker
devices 153-158 {which can be CPU-based devices augmented
with hardware and software as disclosed at 14:64-67} to playback
audio information. See Edens at 14:11-23 (*The audio extracted
by MPEG2 decoder 161 could be transmitted back onto logical
ring network 120 and played by left 167 and right 168
amplifier/speakers. The audio extracted by MPEGZ decoder 151
could be transmitted back onto logical ring network 120, processed
by DSP (e.g., AC-3 surround sound decoder) 152, and then
transmitted back onto logical ring network 120 and played by
surround sound amplifier/speakers 153, 154, 156, 157 and 158.
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The systems in roors 106 and 102 could be controlled by
respective remote control/interface/monitor devices 190 and 195
{which could range from simple remote controls to complex
controllers with large LCD screens capable of viewing computer
graphics images, MPEGZ video, etc.”).

A controller of Edens can also send a START STREAMS
command to networked audio devices to start playback. See
Edens at 56:25-41 (“Finally, having assigned all reallocated
network nibble streams to the relevant network devices, the
controller could restart those streams simultaneously by sending
the START STREAMS system command to such devices. The
START STREAMS system command is identical to the STOP
STREAMS system command discussed above, except that devices
start (rather than stop) transmitting/receiving data at the time
indicated by the Timestamp field. Thus, a controller can
accoromodate vittually any programming change a user makes
{typically via some form of remote control device) with respect to
the source {e.g., DSS satellite receiver, BVD player, CI3 player,
etc.} or destination {e.g., particular speakers, televisions/monitors,
etc.) of an audio or video program, or other form of data.”} The
start/stop streams commands applies to each device that is
receiving the information and then further transmitting it on to
another device. 10:4-7 {(“Information can propagate around this
fogical ring, reaching every device on each revolution around the
network. Network devices are full-duplex, transmitting and
receiving information simultaneously.”)

A person of ordinary skill would have understood that this
disclosure from Edens was the claimed conirol information further
comprises one or more instructions for the first playback device
and the second playback device to playback audio information,
because the START STREAMS command was an instruction for
playing back the audio content that could have been generated by a
controiling multimedia PC, MI}V 5100 or other control device of
Edens, and would have been received and retransmitted by each
playback device of Hdens that was playing back the audio in

synchrony .
12. The first playback Edens discioses that the first and second playback devices are
device of claim 11, raembers of a synchrony group, which is any two devices that are
wherein the first and synchronized in some manner under the broadest reasonable
second plavback devices | construction of the term “synchrony group.” For example, Edens
are members of a explicitly discloses synchronized playback between stereo speaker
synchrony group, and devices, and also between multiple sets of sterec speakers.

wherein the program
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nstructions, when
executed by the one or
more processors, further
cause the first playback
device to:

52:66-53:10 (*As each frame propagates around the default
network path {(or alternate path) of the logic ring networks, the CD
player would overwrite nibbles 10-15 and 74-79 with the
respective (left and right channel) source digital audio streams.
Other network devices would merely pass those nibbles of each
frame along to the next network device on the logical ring
network. One or more “left” speaker network devices {e.s,, in
different vooms of a house) would extract nibbles 10-15 of each
frame and play that left channel digital audio stream.
Similarly, one or more “right” speaker network devices would
extract nibbles 74-72 and plav that richt channel digital audie
siream.”)

A person of ordinary skill would have understood that this
disclosure from Edens demonstrated that multiple playback
devices of Edens could play back the audio in synchrony, which
would make them members of a “synchrony group” under the
BRI See also Edens at 10:4-7; 11:13-18; 14:24-40; 27:1-5; 32:28-
52; 56:9-14 and 104:7-15.

transmit, to the network
device, status
information that
comprises a status of the
synchrony group.

Hdens discloses transmit status information to the network device
that comprises a status of the synchrony group. The broadest
reasonable interpretation of the term “status information” includes
any kind of status information associated with the synchrony
group, including any device that is capable of communicating with
other devices, such as by responding to a MASTER RESET,
CLOCK 1D, SCAN RESET, SCAN REQUEST, SCAN REPLY
and SCAN INITIATE system command, which are used to reset
and initialize network devices, by communicating with other
network devices and read/write one another's device-specific
information via the MESSAGE, READ, WRITE, SET and GET
system commands, or by responding to a data stream channel
realiocation and control via the TALK ASSIGN, TALK QUERY,
LISTEN ASSIGN, LISTEN QUERY, START STREAMS, STCGP
STREAMS, and QUERY STREAMS system commands. See
Table V, 40:45 to 45:20.

A person of ordinary skill would have understood that this
disclosure from Edens was the claimed transmission of status
information that comprises a status of the synchrony group to the
network device, because device-specific information obtained via
the MESSAGE, READ, WRITE, SET and GET system
commands, or from a response 1o a data stream channel
reallocation and control via the TALK ASSIGN, TALK QUERY,
LISTEN ASSIGN, LISTEN QUERY, START STREAMS, STCOP
STREAMS, and QUERY STREAMS provided status information
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from a member of a synchrony group, which meets the claim
limitation under the BRI

To the extent that it is considered that Edens does not disclose this
limitation, the Sonos APA discloses the existence of discovery
protocols that can be used to learn about other components on the
network and to establish communication with them, such as the
Universal Plug and Play (UPnP) architecture, which defines
discovery as the first step in UPnP networking. This allows
devices to discover other devices and to exchange information
about themselves and/or their services. U.S. Provisional
Application 60/490,768, filed July 28, 20013 {the *768
Provisional ).

19. The first playback
device of claim 9,
wherein the audio
information source
outside of the LAN is an
Internet-accessible audio
information source, and
wherein obtaining, from
the audio information
source ouiside of the
LAN, the audio
information, comprises
obtaining the audio
information from the
Internet-accessible audio
information source.

Hdens discloses that the audic information source outside of the
L.AN can be an Iniernet-accessible audio information source, and
wherein obtaining the audio information from the audio
information source cutside of the LAN comprises obtaining the
audio information from the Internet-accessible audio information
source. See, e.g., claim 3; 14:19-23 (playback devices “could be
controlled by respective remote control/interface/monitor devices
190 and 195 (which could range from simple remote controls to
complex controllers with large LCD screens capable of viewing
computer graphics images, MPEG?2 video, etc.”); 14:42-44
{“Imultimedia PC 170 could be used to control devices on logical
ring network 120, as well as to transmit and receive digital media
to/from other network devices”y; 14:64-67 (“by adding devices of
greater complexity, particularly CPU-based devices controlled by
software or firmware, the possibilities are virtually endiess™);
46:56-60 (“Other interested devices can read this information for
subsequent use in communicating directly with a particular device
and/or obtaining additional information about a device from an
external resource (e.g., the Internet via a URL ‘pointer’).”); and
47:47-54 (“As will be apparent to one reasonably skilled in the art,
many different data structures {e.g., a linked list of objects} and
combinations of RAM/ROM/registers can be employed to
accommodate the various types of data contained within the
configuration and code control block, as well as any other
information stored in a network device's local memory and VO
address space, including ‘pointers’ to external information.”)

A person of ordinary skill would have understood that this
disclosure from Edens was the claimed obtaining the audio
information from the Internet-accessible audio information source,
because the ability to obtain data from an external resource using a
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URL or to browse the web could be used to obtain audio
information from an Internet source.

To the extent it is considered that Edens does not disclose a
playback device that can receive, via the network interface from a
network device configured to control the first playback device and
communicatively coupled to the first playback device over a local
area network (LAN), control information comprising an address
identifying a network location of audio information available at an
audio information source, wherein the audio information source is
cutside of the LAN, the Handbook discloses that PCs could be
used as playback devices and included the ability to obtain audio
information from a source outside the LAN. See the Handbook,
pages see pages 17-18, 28-34, 66-84, 109-116, 123-154, 243-261.

G. Blank

Blank discloses a systern for synchronous playback between media synch players 110,
which use a time server 120 to coordinate synchronous playback between the media synch players
(1) through (N} See Blank at [0029] (“In operation, the media synch players 110 each generate a
content stream such as video or audiovisual data in synchrony at the behest of the live playback
system control console 125 Synchronism is derived from the time server 120, facilitating
orchestration of the content provided by the media synch plavers 110, The system control conscle
125 and the media synch players 110 are slaved to the time server 120. As such, the system control
cousole 125 can transmit a start time i+d for the media synch players 110 to start providing content
from media files 210 (FIG. 2), and the media synch players 110 are synchronized with respect to
this start time.” An exemplary embodiment of the systern of Blank is shown below from Figure 1

of Blank:
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As such, the media synch players 110 of Blank form a synchrony group for the playback
of audio information that is provided over a network. While Blank discloses a time server 120, a
person having ordinary skill in the art would recognize that the time server 120 could be

implemented on one or both of the media synch players of Blank.

H. Gray

Blauk incorporates U.S. patent application Ser. No. 09/836,834 (Published Application No.
2002/0150053 to Gray et a., hereinafter “Gray”) by reference at [0042] and [0045]. Gray discloses
communication of multimedia packets 304 from a multimedia source 301 to a multimedia sink 302
over heterogeneous networks 303, which inherently requires an address identifving a network
focation of audio information outside of a LAN for a multimedia sink 302 on a local area network
313. A person having skill in the art would recognize that all network communications between
networked audio devices require the use of network addresses. Figure 3 of Gray is shown below
and demonstrates that the multimedia source 301 is accessible through a network connection and

is outside of the local area network of the multimedia sink 302:
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The systemn of Gray uses transmitters at each gateway 331 and 332 that transmit
“multimedia packets with time stamps that represent the time according to the reckoning of the
transmitter application. When the transmitter link layer device receives the multimedia packet, it
calculates a new time stamp that is in accordance with a network time base, the new time stamp
being based on the time stamp provided by the transmitter application. The receiver link layer
controller then uses the new time stamp to evaluate the rendering time of the corresponding
information in the packet.” [0015]. Gray also discloses that this time stamping procedure can be
implemented at the application layer, and that “the application layer itself may maintain the
common time reckoning across the devices, calculate the appropriate time stamp, and/or include
the time stamp in the multimedia packet. Which of these tasks the application layer performs may
depend on the capabilities of the link layer that the application layer uses to forward multimedia
packets through the gateway.” [0069]

In combination, the time stamped packets of Gray allow synchronized playback at a
plurality of media synch players 110 of the system of Blank, for content that is provided from a
source outside of the LAN on which the media synch players 110 of Blank are operating.
Furthermore, while Blank discloses that time server 120 can be separate from the media synch
players 110, a person baving ordinary skill in the art would recognize that it could also be included
in one of media synch players 110, so as to reduce the number of devices required for synchronized

playback.
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i. SMPTE

Blank discloses that the Society of Motion Picture and Television Engineers (SMPTE)
timecodes can be used at [0024], and thus incorporates that standard by reference. SMPTE time
codes can be included in a frame format for multimedia data, such as an 80 bits format that includes
hour, minute, second, frame number, 1D and other suitable data. See “SMPTE Made Simple,”
TimeLine Vista, Inc, 1996 at pages 11-15. A person having ordinary skill in the art would
understand that the disclosed use of SMPTE data in Blank includes frames of multimedia data that
include such information for playback timing or as clock information of a playback device.

4. RFC 1305

Blank discloses that the Network Timing Protocol (NTP) timecodes can be used at [0024],
and thus incorporates that standard by reference. NTP is disclosed in RFC 1305 and includes
timing algorithms for use with networked devices at page 25, for calculating clock offset © and

roundtrip delay ¢ for messages exchanged between a host device and a peer device:

Blosy

Thus, using RFC 1305, clock information is exchanged between host devices and peer
devices to determine a common time base, which is then used to synchronize the processes of the
host and peer. See RFC 1305, Abstract (“NTP provides the mechanisms to synchronize time and
coordinate time distribution in a large, diverse internet operating at rates from mundane to
lightwave.” While RFC 1305 can be used “maintain accuracy and robustness, even when used
over typical Internet paths involving multiple gateways, highly dispersive delays and unreliable
nets,” RFC 1305, page 1, this timing algorithm can be used with less robust implementations, such
as for synchronizing a small number of devices on a local area network. See RFC 1769, Simple
Network Time Protocol (SNTP), March 1995, at Abstract (“SNTP can be used when the ultimate
performance of the full NTP implementation described in RFC-1305 is not needed or justified. It
can operate in both unicast modes {point to point} and broadcast modes (point to multipoint}.”} A
person having ordinary skill in the art as of the critical date of the ‘357 Patent would have been
aware of these well-known synchronization and tirning algorithms and associated applications, and
would have understood that a reference to their use in Blank includes the transmission of clock

&9
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information from a time server, which could be located within a playback device in accordance

with the Sonos APA.

K. peAnywhere

The ability for a PC or other networked audio device to be remotely controlied by another
device on the same LAN as the PC, or even from outside of the LAN, was well known prior to the
Critical Date of the ‘357 Patent. For example, pcAnywhere discloses at page 12 that as of the
Critical Date of the "357 Patent that 1t was possible to “remotely connect to ancther computer,
open any file or program that you have permission to access, and work as though vou are sitting
at that computer.” As further discussed at page 12, the “relationship between a host computer and
a remote computer is similar to a television set and a remote control device. Using a remote control
device, you can adjust the volume, change channels, or turn the television on or off without leaving
your chair. Using pcAnywhere, a host computer waits for and accepts connections from remote
computers and performs the functions that are requested, much like a television set accepts signals
from a remote control device” As such, the ability to remotely control a networked audio device
such as a PC over the networlk, such as to “receive, from a network device configured to control
the first playback device and communicatively coupled to the first playback device over a local
area network (LAN}, control information comprising an address identifving a location of audic
information available at an audio information source, wherein the audio information source is
outside of the L3AN,” was well known and would have been obvious to a person having skill in

the art.

L. Microsoft File Sharing

Blank discloses that a Microsoft Windows Operating System can be used in conjunction
with media synch players 110 at [0034]. A person having ordinary skill in the art would recognize
that this is an incorporation by reference of the functionality that was commercially available in
the Windows Operating System as of the Critical Date of the ‘357 Patent, such as the file sharing
functionality disclosed in Microsoft File Sharing that allows other PCs on a network (such as other

media synch players 110) to access files stored on a storage device of other PCs on the network.
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M. Blank presents a Substantial New (Juestion of Patentiability, either alone under
35 U.S.C, 102¢e)(1) (Table 4), or in combination with Gray, SMPTE, RFC
1305, Edens, the Handbook, Microseft File Sharing, pcAnywhere and Sonos
APA under 35 U.S.C. 103(a) (Table 5).
As shown in the claim chart below, Blank {with material from Gray, SMPTE and RFC
1305 incorporated by reference) discloses each element of the Chalienged Claims of the ‘357
Patent in a manver that was not considered during the original prosecution of the ‘357 Patent.
Although Blank was submitted to the Patent Office by Sonos during the original examination of
the ‘357 Patent as one of hundreds of references in over 60 total pages of Information Disclosure
Statements, it was not specifically considered by Examiner Survilio or applied against any of the
claims of the ‘357 Patent. Blank discloses each element of the 357 Patent in a manner that was
not considered during the original prosecution of the ‘357 Patent, at least because the prior art
considered during the original prosecution did not include any explicit disclosure or teaching of
networked audio devices that transmut playback timing data, clock data and audio data to other
networked audio devices, for synchronous playback of the audic data, as disclosed in Blank.
Therefore, the invalidity of the Challenged Claims in view of Blank presents a substantial new
question of patentability
To the extent that it is considered that Blank does not incorporate Gray, SMPTE and RFC
1305 by reference so as to provide a single reference under 35 U.5.C. 102{(e)(1), a person having
ordinary skill in the art would have considered it obvious to combine Blank with Gray, SMPTE
and RFC 1305, at least for the reasons that Blank specifically states that it can be used in
comjunction with Gray, SMPTE and RFC 1305, and also because each of these references are
directed to the field of synchronized network devices, and Blank and Gray are directed to field of
synchronized networked devices that are used to provide synchronized muitimedia playback. A
person having ordinary skill in the art would have used SMPTE or NTP timing for synchronization,
because these were well-known timing and synchronization standards that were specifically called
out in Blank.
Furthermore, while Blank (with the material from Gray either incorporated by reference or
as combined under 35 U.S.C. 103(a)) explicitly discloses connecting to sources over the Internet
for playback of audio data, to the extent that it is considered not to explicitly or inherently satisfy

the limitation of receiving, via the network interface from a network device configured to control
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the first playvback device and communicatively coupled to the first playback device over a local
area network (LAN), control information comprising an address identifying a network location of
audio information available at an audio information source, wherein the audio information source
is outside of the LAN, the Handbook discloses that it was well known as of the Critical Date of
the “357 Patent to provide control information o a networked audio device such as a PC that
comprises an address identifying a network location of audio information available at an audio
information source, wherein the audio wnformation source is outside of the LAN. A person of
ordinary skill in the art would understand that the general information concerning the networked
audio data processing tunctionality of PCs as disclosed in the Handbook was well known and in
widespread commercial use.

Further, as discussed above, Sonos admits in the Background of the Invention at 1:47 to
2:28 that it was known in the art that there are a number of circumstances under which it is desirable
to maintain synchrony of operations among a plurality of independently-clocked digital data
processing devices in relation to, for example, information that is provided thereto by a common
source, and that these include systems in which one audic information scurce can distribute audio
information in digital form to a number of audio playback devices for playback In such an
arrangement, the audio information that is distributed to various audio playback devices may relate
to the same audio program, and that the audio playback devices can contemporaneously play the
same program (i.e. in a synchrony group). The audio playback devices have independent clocks,
and if they are clocking at precisely the same rate, the audio playback provided by the various
devices can occur in synchronization.

In addition, it would be obvious to combine Blank (in combination with Gray, SMPTE
RFC 1305, the Handbook and the Sonos APA) with Edens, because Edens discloses how to use
one of the networked audic devices of Blank as a network clock device for the purpose of
synchronizing playback between networked audio devices as taught in Blank, such as the
networked audio devices of Blank. A person having skill in the art would be motivated to combine
the teachings of Blank and Hdens in order to eliminate the need for a separate time server 120,
because both references are directed to the problems of providing synchronized audio using
networked audio devices, and the time server functionality of Edens could be included on any or
all of the networked audio devices of Blank. Doing so would reduce the need for an additional

dedicated device, and a person having skill in the art would recognize based on ordinary creativity
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that if every networked audio device included that functionality as disclosed in Edens, it would
provide the flexibility of allowing any networked audio device to function as the time server and
thus provide redundancy and improved reliability without requiring additional equipment.

1t would also be obvious to combine Blank with Microsoft File Sharing and pcAnywhere,
because Microsoft File Sharing was part of the Microsoft Windows Operating System that is
disclosed as being used with the PCs of Blank at [0034], and pcAnywhere was a commercially
available software packages with well-known functionality that was in wide use. A person having
skill in the art would be motivated to combine the teachings of Blank with Microsoft File Sharing
and pcAnywhere, because Blank discloses the use of the Microsoft Windows Operating System
and pcAnywhere was commonly used by users to control PCs over a network connection, and
neither of those commonplace PC functions would have been considered novel or non-obvious,
and the addition of those functional elements of the claims to devices such as PCs would not have
been considered by a person having ordinary skill in the art as providing any additional novel or
non-cbvious functionality .

Therefore, the invalidity of the Challenged Claims over Blank in combination with Gray,
Edens, SMPTE, RFC 1303, Microsoft File Sharing, pcAnywhere, the Handbook and Sonos APA

presents a substantial new question of patentability.
TABLE 4
SUBSTANTIAL NEW QUESTION OF PATENTABILITY
BASED ON BLANK UNDER 35 1.5.C, 102(E)1)

‘357 Patent Blank under 35 U.5.C. 102{e}(1}
9. A first playback Blank discloses a media synch playver 110 that is a playback device.

device comprising:
[0029] “In operation, the media synch players 110 each generate a
content stream such as video or audiovisual data in synchrony at the
behest of the live playback system control console 125
Synchronism is derived from the time server 120, facilitating
orchestration of the content provided by the media synch players
110. The system control console 125 and the media synch players
110 are slaved to the time server 120. As such, the system control
console 125 can transmit a start time t+d for the media synch
players 110 to start providing content from media files 210 (FIG. 2),
and the media synch players 110 are synchronized with respect to
this start time.
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See also [0026], [0034], [0036]-[0041], [0044]-[0047], [0052]-
[0059], [0065]-[0071], [0077]-[0093]

Gray discloses a management system 212 at [0036]-[0037] that can
receive audio data over the Internet for use with audio system 216,
and that management system can be a playback device that is
integral with audio system 216. A person of ordinary skill in the art
would understand that management system 212 can be implemented
as part of oue or more media synch player 110.

A person of ordinary skill in the art would consider the media synch
players 110 of Blank or the roanagement systern 212 of Gray to be
playback devices that could be implemented as PCs or in
conjunction with PCs, and would understand that they could be
implemented in conjunction with commonplace PC functionality
disclosed in the Handbook.

One O MOTe Processors;
a network interface; and

Blank discloses at least inherently that the media synch players 110
have processors (see claims 26 and 35-41) and vetwork interfaces
({00231, [0028], [0043]), because it is well known that networked
computers as disclosed at {0026] have processors and network
interfaces.

Gray discloses that the management system 212 includes one or
more processors as processing unit 236 and a network interface as
meodem 266 or “any other available communication media.” [0048]

A person of ordinary skill in the art would consider the media synch
players 110 of Blank or the management system 212 of Gray to be
playback devices that could be implemented as PCs or in
conjunction with PCs that have processors and network interfaces,
and would understand that they could be implemented in
conjunction with such commonplace PC hardware as disclosed in
the Handbook.

tangible, non-transitory
computer-readable
SMOry Comprising
program instructions
that, when executed by
the one or more
processors, cause the
first playback device to:

Blank discloses that the media synch players 110 have computer
readable media at [0026]-{0027] that includes “computer readable
instructions, data structures, program logic or program modules.”

Gray discloses in regards to management system 212 that
“lijnstructions, data, and other program modules necessary for the
operation of processing unit 236 and necessary for the operation of
the ASIC 238 may be stored in mass storage device 250 and/or
system memory 242, which includes read-only memory (“ROM”)
246 and random-access memory {(“RAM”) 248,
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Blank under 35 U.S.C, 102{e)}{ 1}

A person of ordinary skill in the art would consider the media synch
players 110 of Blank or the management system 212 of Gray to be
playback devices that could be implemented as PCs or in
conjunction with PCs that have tangible, non-transitory computer-
readable memory comprising program instructions that, when
executed by the one or more processors, cause the first playback
device to perform the claimed functions, and would understand that
they could be implemented in conjunction with such commonplace
PC hardware as disclosed in the Handbook.

receive, via the network
interface from a
network device
configured to control
the first playback
device and
communicatively
coupled to the first
playback device over a
local area network
(LAN}, control
information comprising
an address identifying a
network location of
audio information
available at an audio
information source,
wherein the audio
information source is
outside of the LAN; and

Blank discloses that recorded media that are distributed over a wide
geographic area can be used for a multimedia presentation that
requires synchronization of multiple displays at [0008].

Blank discloses that live playback system control console 125 at
[0054] that provides control signals to interface 220 of media synch
players 110, and that these control signals can include commands to
“play” and “get file.” Thus, at least live playback system control
console 125 15 a “network device configured to control the first
playback device and communicatively coupled to the first playback
device over a local area network (LAN).”

[0054] “In the block 405, control signals from the control console
125 are received by the interface 220. In one embodiment, the
control signals may comprise, for example, one of: play, pause,
stop, seek to time, get file and show images.

Blank discloses that the disclosed system elements can be connected
over a WAN or the Internet at {00231

Blank incorporates U.S. patent application Ser. No. 09/836,834
{(Published Application No. 2002/0150053 to Gray et a., hereinafter
“Gray”) by reference at [0042] and [0045]. Gray discloses
communication of multimedia packets 304 from a multimedia
source 301 to a multimedia sink 302 over heterogeneous networks
303, which inherently requires an address identifving a network
location of audio information outside of a LAN for a multimedia
sink 302 on a local area network 313 See, Gray at Fig. 1, [0053],
[0059], [0061].

A person of ordinary skill in the art would recognize that streaming
audio content from a source outside of the LAN could be
accomplished using software programs such as the Windows Media
Player, as disclosed at {0037] of Blank.
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A person having ordinary skill in the art would thus understand that
live playback system control conscle 125 can provide control
information to a media synch player that comprises an address
identifying a network location of audio information available at an
audio information source, wherein the audio information source is
outside of the LAN, as disclosed in Gray.

To the extent it is considered that Blank does not disclose a
playback device that can receive, via the network interface from a
network device configured to control the first playback device and
communicatively coupled to the first playback device over a local
area network (LAN), control information comprising an address
identifying a network location of audio information available at an
audio information source, wherein the audio information source is
outside of the LAN, the Handbook discloses that PCs could be used
as playback devices and included the ability to obtain audio
information from a source outside the LAN. See the Handbook,
pages see pages 17-18, 28-34, 66-84, 109-116, 123-154, 243-261.

In addition, to the extent that it is considered that Blank does not
disclose remotely controlling a playback device over a LAN, it was
also well known before the Critical Date of the *357 Patent to
receive control information via the network interface of a first PC
from a second PC that was contigured to control the first PC and
that was communicatively coupled to the first PC over a LAN. See
pcAnywhere at page 12 (“pcAnywhere lets you connect to another
computer and perform your work as though vou were sitting in front
of that computer. You can view and edit files, access network
resources, and run programs that you have permission to access.
You can also print files located on another computer o your default
printer.”) Such control information could comprise an address
identifying a network location of audio information available at an
audio information source that is outside of the LAN, as disclosed in
the Handbook.

after receiving the Blank discloses that media files 210 can be stored at a media storage
control information, {i} | location for each media synch player 110, or that is shared by two or
obtain, via the network | more media synch players 110 at [00371

interface from the audio

information source Gray discloses at [0036]-[0037] that management system 212 can
outside of the LAN, the | receive audio data over the Internet for use with audio sysiem 216,
audio information; and that management system can be a playback device that is

integral with audio system 216, A person of ordinary skill in the art
would understand that management system 212 can be implemented
as part of one or more media synch player 110.
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As such, a person having ordinary skill in the art would vonderstand
that audic data that is received over the Internet by the system of
Gray can be stored as a media file 210 of a media synch player 110
of Blank. It was common as of the critical date of the *357 Patent
(April 1, 2003} for users to obtain content over the Internet from
sources outside of a user’s LAN and to store that content on a
personal computer or other playback device. See, e.g, the
Handbook at Appendix A. A person of skill would also understand
that the media synch players 110 of Blank or the management
system 212 of Gray could also or alternatively be used as playback
devices of Edens for synchronous playback, as members of the
synchrony group of Edens, such as to allow the architecture of
Edens to be used in a system other than the logical ring network of
Edens.

In addition, Edens discloses that one of the playback devices of
Edens, such as multimedia PC 170 or MDYV 3100, could be used to
obtain audio data over the Internet and to provide that audio data to
other playback devices, as discussed above for this limitation in
regards to Eden. Also, see claim 3 of Eden.

(11) transmit, via the Blank discloses clock module 212 of a media synch player 110 that
network interface of the | can be slaved to another clocking system at [0038]. Blank also
first playback device to | discloses the use of a time server 120 at [0029] and [0044]-[0051].

a second playback A person of ordinary skill in the art would recognize that the time
device, the audio server 120 could be ocated on a first media synch player 110, and
information, playback could provide the master clock that is used to provide the playback
timing information timing information. The time server 120 would then transmit clock
assoctated with the information to a second media synch players 110, to allow it to
audio information, and | acquire lock with a clock contained in time server 120, See [0048]
device clock of Blank. As discussed below, the first media synch player 110 can
information of the first | obtain the audio information and provide it to the second media
playback device; and syuch player 110 using Windows file sharing, and can then provide

playback timing information by either 1) hosting live playback
system control console 125 and transmitting a play command to the
second media synch player 110, for “playback timing information”
construction 1, or 2} add time stamps to the media data packets at
the application layer that are used to control playback timing in
accordance with the teachings of Gray, for “playback timing
information” construction 2.

Time information can also be transmitted trom time server 120 to
other media synch plavers 110 to cause them to “speed up or slow
down rendering of clocks 212 in the individual media synch players
1107 See [0045] of Blank. Time information that causes other
media synch players 110 to speed up or slow down meets the
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broadest reasonable interpretation of “playback timing
information,” because it is used to control playback timing.

A person having skill in the art would recognize that live playback
system control console 125 can also be implemented on a media
synch player 110 with time server 120, and can be used to provide
playback timing information to other media synch players 110 as
disclosed at {0044] as a time stamp “t” and an indication of a delay
“d” that is used to coordinate playback, which satisfies the broadest
reasonable interpretation of “playback timing information,” because
it is used to control playback timing.

Blank also discloses that the “exemplary media synch player 110
may be realized as a modified conventional personal computer, such
as is avatlable from a variety of commercial sources, employing a
Windows ® operating system, available from many sources and
from Microscft Corporation of Redmond, Wash.” [0034]. The
Windows operating system permitted file sharing between personal
computers, see, e.g., “File and Printer Sharing with Microsoft
Windows,” Microsoft Corporation, November 2003 at page 1 {“File
and printer sharing is the ability of a computer running Windows to
share a folder or attached printer with other computers on a
network. File sharing allows you to make files and folders in a
shared folder accessible to others on the network to view, copy, or
modify.

For example, with file sharing, you can store all of your documents
on a central computer and share the folder that contains them. Then,
from another computer attached to the same network as the
computer that contains the files, you can connect to the shared
folder and work with the documents as if they were locally stored.
For example, vou can access files that are stored on a central
desktop computer from a wireless laptop computer that you can
carry from room to room in your home.”) As such, the systern of
Blank could allow a first media synch player 110 to obtain an audio
file from a source cutside of the LAN, store the audio file to a local
media file 210 of the first media synch player 110, and then allow a
second media synch player 110 to obtain that audioc content over the
LAN using the Windows operating system file sharing
functionality, in response to a command from lice playback system
control console 125.

Gray discloses the use of time stamps in multimedia packets at
[0062] that are used to control the time that a multimedia packet is
to be rendered at, and further discloses at [0069] that the application
layer can “maintain the common time reckoning across the devices,
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calculate the appropriate time stamp, and/or include the time stamp
in the multimedia packet.” A person of ordinary skill in the art
would recognize from this teaching that the application layer on the
media synch player 110 that includes a time server 120 could
include the time stamp into the muitimedia packets of the audio data
from media file 210 {that has been obtained from outside the LAN
and stored in media file 210) and which is then provided to other
media synch players 110 as “playback timing data” for
synchronized playback, because that would allow the system of
Blank to be implemented on as few as two different devices, and
would eliminate the need for a separate time server 120.

Blank discloses the playback timing information associated with the
audio information under consiruction 1, such as when a start time
t+d is generated by a first playback device that is also used to
implement system controf console 125, See [0029]

Gray discloses the playback timing information associated with the
audio information under construction 2, such as when the
application layer of a media synch player 110 inserts timestamps
into frames of audio data. . See [0016], [0087], [0089].

A person of ordinary skill in the art would consider the media synch
players 110 of Blank or the management system 212 of Gray to be
playback devices that could be implemented as PCs or in
conjunction with PCs, and which can transmit audio information,
playback timing information and clock information to another
playback device for synchronous playback. A person of skill
would also understand that the media synch plavers 110 of Blank or
the management system 212 of Gray could also or alternatively be
used as playback devices of Edens for synchronous playback, as
members of the synchrony group of Edens, such as to allow the
architecture of Edens to be used in g system other than the logical
ring network of Edens, as discussed for the corresponding element
in the Edens claim chart.

To the extent that it is considered that Blank or Gray do not disclose
this limitation, the Sonos APA discloses that it was known to
transmit audio information and playback timing information
associated with the audio information (for synchronous playback)
and device clock information of the first playback device (using
RFC 1305 or SNTP), via the network interface of the first playback
device to a second playback device. See ‘357 Patent at 1:47 t0 2:28
and the ‘768 Provisional at pages 1-2. It would be obvious o use
the Sonos APA with the system of Blank, because both Blank and
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the Sonos APA are directed to networked audio devices that play
back audio in synchrony, and the Sonos APA would eliminate the
need for an additional device for time server 120, because it teaches
that the timing functionality can be provided by a playback device.

(111} play back the audio
information in
synchrony with the
second playback device
by using the playback
timing information
associated with the
audio information and
the device clock
information of the first
playback device to play
back the audio
information,

Blank discloses that media synch players 110 play back the audio
information in synchrony with each other by using the playback
timing information associated with the audic information that is
generated by live playback system control consoled 125 and the
device clock information of the first playback device (which is used
to generate the NTP timing information) to play back the audio
information. See [0009], [0010], {0022], [0024], [0025], [0029],
[0041], [0043]-]0045]. Each media synch player 110 uses the audio
information and its own clock information and the playback timing
information {(the start time of Blank t+d under construction 1, or
frame-specific time stamps of Gray under construction 2), but even
if the claims are amended to positively recite the second playback
device and to require the second playback device to use the
playback timing information associated with the audio information
and the device clock information of the first playback device to play
back the audic information, Blank or Blank and Gray disclose that
also.

The management systems 212 of Gray can play back the audic
information in synchrony with a second management system 212 by
using the playback timing information associated with each frame
of the audio information and the device clock information of the
first playback device to play back the audic information, such as
using an application synchronization process in conjunction with
the management systems 212, See [0016], [0087], [0089].

A person of ordinary skill in the art would consider the media synch
players 110 of Blank or the roanagement systern 212 of Gray to be
plavback devices that could be implemented as PCs or in
conjunction with PCs, and which can play back audio in synchrony
with each other using the playback timing information and clock
time information of the first playback device, as discussed above.
A person of skill would also understand that the media synch
players 110 of Blank or the management systemn 212 of Gray could
also or alternatively be used as playback devices of Edens for
synchronous playback, as members of the synchrony group of
Edens, such as to allow the architecture of Edens to be used in a
system other than the ogical ring network of Edens, and to
playback the audio data using the playback timing information and
clock information of a first playback device as described for the
corresponding limitation of Edens.
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It is noted that this limitation does not require the second playback
device to playback the audio information by using the playback
timing information associated with the audio information and the
device clock information of the first playback device to play back
the aundio information. That limitation only applies to the first
playback device, and as long as the second playback device is
playing back the audio information in synchrony with the first
playback device while the first playback device uses the playback
timing information associated with the audio information and the
device clock information of the first playback device to play back
the audio information, then the claim Hmitation is satisfied.

To the extent that it is considered that Blank or Gray do not disclose
this limitation, the Sonos APA discloses that it was known to
transmit audio information and playback timing information
associated with the audio information (for synchronous playback)
and device clock information of the first playback device {using
RFC 1305 or SNTP}, via the network interface of the first playback
device to a second playback device. See 357 Patentat 1:47 1022
and the ‘768 Provisional at pages 1-2. It would be obvious to use
the Sonos APA with the system of Blank, because both Blank and
the Sonos APA are directed to networked audio devices that play
back audio in synchrony, and the Sonos APA would allow Blank to
provide the timing functionality on one of the media synch players
110 instead of a dedicated time server 120, thus reducing the need
for an additional device.

wherein the first and Each media synch player 110 of Blank includes a clock module or
second playback clocking system 212 that is an independent clock, where the media
devices remain synch players 110 operating in accordance with their own respective

independently clocked | clocks during synchronous playback.
during synchronous
playback of the audio A person of ordinary skill in the art would consider the media synch
information. players 110 of Blank or the management system 212 of Gray to be
playback devices that could be implemented as PCs or in
conjunction with PCs, and which can remain independently clocked
during synchronous playback, at least because PCs contain multiple
clocks that can be independent. A person of skill would also
understand that the media synch players 110 of Blank or the
management system 212 of Gray could also or alternatively be used
as playback devices of Edens for synchronous playback, as
members of the synchrony group of Edens, such as to allow the
architecture of Edens to be used in a system other than the logical
ring network of Edens.
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To the extent that it is considered that Blank or Gray do not disclose
this limitation, the Sonos APA discloses that playback devices can
remain independently clocked during synchronous playback of
audio information, see ‘357 Patent at 2:21-27 (“When an audio
playback device converts the digital audic information from digital
to analog form, it does so using a clock that provides timing
information. Generally, the audio playback devices that are being
developed have independent clocks, and, if they are not clocking at
precisely the same rate, the audio playback provided by the various
devices can get out of synchronization.”). Thus, if the independent
clocks of the audic playback devices are clocking at precisely the
same rate by design, or if they are synchronized, then the audio
playback provided by the varicus devices remains in
synchronization. The claims do not address how to address the
situation where the independent clocks of the audio playback
devices are not clocking at precisely the same rate or are not
synchronized, and how to accommodate/correct/address that
condition.

10. The first playback
device of claim 9,
wherein the program
instructions, when
executed by the one or
MOTe Processors,
further cause the first
playback device to:
generate the playback
timing information
associated with the
audio information; and

Blank discloses that the software generates the playback timing
information associated with the andio information under
construction 1, such as when a start time t+d is generated by a first
plavback device that is also used to implement system control
console 125, See [0029]

Gray discloses that the software generates the playback timing
information associated with the audio information under
construction 2, such as when the application layer of a media synch
player 110 inserts timestamps into frames of audio data. See
[0016], [0087], [0089],

A person of ordinary skill in the art would consider the media synch
players 110 of Blank or the roanagement systern 212 of Gray to be
plavback devices that could be implemented as PCs or in
conjunction with PCs that use SMPTE or RFC 1305 to generate
playback timing information associated with the audio information,
under either construction 1 in the form of a “play” command or
under construction 2 in the form of frame-specific playback timing
information. A person of skill would also understand that the media
synch players 110 of Blank or the management system 212 of Gray
could also or alternatively be used as playback devices of Edens for
synchronous playback, as members of the synchrony group of
Edens, such as to allow the architecture of Edens to be used in a
system other than the logical ring network of Edens and by using
the timing information architecture of Edens (i.e. designation of one
of the playback devices as a network clock device, and serial
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streaming of audio data between devices in the synchrony group as
taught by Edens.

generate the device
clock information of the
first playback device.

Blank discloses that the media synch player 110 software causes the
media synch player 110 to generate device clock information of the
first playback device, such as by activating the Network Time
Protocol module 15. See [0038], [0046]-[0048].

A person of ordinary skill in the art would consider the media synch
players 110 of Blank or the management system 212 of Gray to be
playback devices that could be implemented as PCs orin
conjunction with PCs that have tangible, non-transitory computer-
readable memory comprising program instructions that, when
executed by the one or more processors, cause the first playback
device to generate the device clock information of the first playback
device, such as for any device clock of the PC that can be actuated
in response to such instructions {e.g. a sound card, a network card
and so forth}. A person of skill would also understand that the
media synch players 110 of Blank or the managerment system 212 of
Gray could also or alternatively be used as playback devices of
Edens for synchronous playback, as members of the synchroany
group of Edens, such as to allow the architecture of Edens to be
used in a system other than the logical ring network of Edens.

11 The first playback
device of claim 9,
wherein the control
information further
comprises one or more
instructions for the first
playback device and the
second playback device
to playback audio
information.

Blank discloses at [0029] that the “media synch players 110 each
generate a content stream such as video or audiovisual data in
synchrony at the behest of the live playback system control console
125. Synchronism is derived from the time server 120, facilitating
orchestration of the content provided by the media synch players
110. The system control console 125 and the media synch players
110 are slaved to the time server 120. As such, the system control
console 125 can transmit a start time t+d for the media synch
players 110 to start providing content from media files 210 (FIG. 2),
and the media synch players 110 are synchronized with respect to
this start time.” The start time is control information that includes
one or more instructions for the first playback device and the second
playback device to playback audic information.

Claim 5 of Blank includes the “process of claim 1, wherein
providing content comprises providing content from each of the
multiple media players in response to commands from a control
console at a time specified by the contrel console”

See also Blank at [0044] (“In operation, a time stamp “t” is obtained
by each device from the controller 125, which is synchronized with
the time server 120. Also included with the time stamp t is a delay
indication “d”. In combination, these time related components
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instruct the media synch plavers 110 on when to render content
available from the media files 210. Essentially, each media synch
plaver 110 will wait to render content until a particular time t+d,
derived from the time stamp from the controfler 125, As such,
content trom all of the media synch players 110 will be
synchronized to the same moment in time—t+d —regardless of
when the time synchronization was initiated.”); [0056] (“In a block
410, the media synch players 110 respond to the control signals and
provide appropriate output signals via the signal paths 112 to the
displays 105. Such may comprise start of synchronized operation of
the media synch players 110 and associated displays 105, switching
from one media file 210 to another (e.g., get file followed by start),
cease operation (e.g., stop), which may include initiation of a
predetermined state such as a blank or black display 105, and the
like.”).

A person of ordinary skill in the art would consider the media synch
players 110 of Blank or the management system 212 of Gray to be
playback devices that could be implemented as PCs or in
conjunction with PCs, and which can play back audio in synchrony
with each other in response to a suitable playback command. A
person of skill would also understand that the media synch players
110 of Blank or the management system 212 of Gray could also or
alternatively be used as playback devices of Edens for synchronous
playback, as members of the synchrony group of Edeuns, such as to
allow the architecture of Edens to be used in a system other than the
logical ring network of Edens.

12. The first playback
device of claim 11,
wherein the first and
second playback
devices are members of
a synchrony group, and
wherein the program
instructions, when
executed by the one or
HIOTE ProCessors,
further cause the first
playback device to:

Blank discloses that media synch players 110 are members of a
synchrony group that play back the audio information in synchrony
with each other by using the playback timing information associated
with the audio information that is generated by live playback system
control consoled 125 and the device clock information of the first
playback device {which is used to generate the NTP timing
information) to play back the audio information. Sge [0009], {0010},
[0022], [0024], [0025], [0029], [00411, [0043]-[0045],

The management systems 212 of Gray can play back the audio
information in synchrony with a second management system 212 in
a synchrony group by using the playback timing information
associated with each frame of the audio information and the device
clock information of the first playback device to play back the audio
information, such as using an application synchronization process in
conjunction with the management systems 212, See [0016], [0087],
[00891].
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A person of ordinary skill in the art would consider the media synch
players 110 of Blank or the management system 212 of Gray to be
playback devices that could be implemented as PCs or in
conjunction with PCs, and which can play back audio in synchrony
with each other, which would make then members of a synchrony
group. A person of skill would also understand that the media
synch players 110 of Blank or the management system 212 of Gray
could also or alternatively be used as playback devices of Edens for
synchronous playback, as members of the synchrony group of
Edens, such as to allow the architecture of Edens tobe used in a
system other than the logical ring network of Edens.

transmit, to the network | Blank discloses that status information that comprises a status of the

device, status synchrony group can be displayed in Figure 6, which shows the
information that status of players Al, B1 and C1, which are each playing the same
comprises a status of audio source (“Fgn Affais”). See [0064]-[0065]

the synchrony group.
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Blank discloses that status information can be displayed using a
player status mode [0070], and that the status information can
include a status such as “playing” [0071]. See Fig. 9, “player
status,” which is a “status of the synchrony group” becauseitisa
status of a member of the synchrony group under the broadest
reasonable construction of the term:
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See also Figures 7 and 8, [00661-{0069].

A person of ordinary skill in the art would consider the media synch
players 110 of Blank or the management system 212 of Gray to be
playback devices that could be implemented as PCs or in
conjunction with PCs that can transmit status information to a
coutroller, such as a remote control interface in conjunction with
pcAnywhere or the group status functionality as discussed for Edens
for the corresponding element.

To the extent that it is considered that Blank does not disclose this
limitation, the Sonos APA discloses the existence of discovery
protocols that can be used to learn about other components on the
network and to establish communication with them, such as the
Universal Plug and Play {UPnP) architecture, which defines
discovery as the first step in UPnP networking. This allows devices
to discover other devices and to exchange information about
themselves and/or their services. See U.S. Provisional Application
60/490,768, filed July 28, 2003 (the *768 Provisional}. A person of
ordinary skill in the art would understand that such discovery
protocols would result in the transmission of status information for
each device in the synchrony group to a countroller device, which
could be implemented in conjunction with live playback system
control console 125 or other suitable control devices.

19. The first playback
device of claim 9,
wherein the audio
information source
outside of the LAN is
an Internet-accessible

Blank discloses that the system elements can be connected by
LANs, WANSs or the Internet. See [0023].

Gray discloses that audio content can be obtained from a remote
source over the Internet. See {0035]-[0037], [0041], [0046]-[0048].
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audio information
source, and wherein
obtaining, from the
audio information
source outside of the
I.AN, the audio
information, comprises
obtaining the audic
information {from the
Internet-accessible
audio information
source.

A person of ordinary skill in the art would consider the media synch
players 110 of Blank or the management system 212 of Gray to be
playback devices that could be implemented as PCs or in
conjunction with PCs that can obtain audio information from an
Internet-accessible source, as disciosed in Edens for multimedia PC
170 or MDDV 5100, or the Handbook.
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TABLES
SUBSTANTIAL NEW QUESTION OF PATENTABILITY FOR
CLAIMSS, 16,12 AND 19 BASED ON BLANK, GRAY, SMPTE, RFC 1305,
MICROSOFT FILE SHARING, PCANYWHERE, THE HARNDBOOK AND SQNOS APA
UNDER 35 U.S.C. 103(A)

‘357 Patent Blaok in combination with Gray, SMPTE, RFC 1305, Microseft

File Sharing, pcAnvwhere, the Handbook and Sonos APA
under 35 U.K.C, 103(a)

9. A first playback Blank discloses a media synch player 110 that is a playback device.

device comprising:

[0029] “In operation, the media synch players 110 each generate a
content stream such as video or audiovisual data in synchrony at the
behest of the live playback system control console 125.
Synchronism is derived from the time server 120, facilitating
orchestration of the content provided by the media synch players
110. The system control console 125 and the media synch players
110 are slaved to the time server 120. As such, the system control
console 125 can transmit a start time t+d for the media synch
plavers 110 to start providing content from media files 210 (FIG. 2),
and the media synch players 110 are synchronized with respect to
this start time.

See also [0026], [0034], [0036]-[0041], [0044]-[00471, [0052]-
[0059], {0065]-[0071], [0077]-[0093]

Gray discloses a management system 212 at [0036]-[0037] that can
receive audio data over the Internet for use with audio system 216,
and that management system can be a playback device that is
integral with andio system 216. A person of ordinary skill in the art
would understand that management system 212 can be implemented
as part of one or more media synch player 110,

A person of ordinary skill in the art would consider the media synch
players 110 of Blank or the roanagement systern 212 of Gray to be
playback devices that could be implemented as PCs or in
conjunction with PCs, and would understand that they could be
implemented 1o conjunction with cormmonplace PC functionality
disclosed in the Handbook.

one or more processors; | Blank discloses at least inherently that the media synch players 110
a network interface; and | have processors (see claims 26 and 35-41) and network interfaces
([00231, [0028], [0043]), because it is well known that networked
computers as disclosed at [0026] have processors and network
interfaces.
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Blank in combination with Grav, SMPTE, RFC 1305, Microsoft
File Sharing, pcAnvwhere, the Handbook and Sonos APA
under 35 U.5.C. 103(a)

Gray discloses that the management systern 212 includes one or
MOTe Processors as processing unit 236 and a network interface as
modem 266 or “any other available communication media.” [0048]

A person of ordinary skill in the art would consider the media synch
plavers 110 of Blank or the management system 212 of Gray to be
playback devices that could be implemented as PCs or in
conjunction with PCs that have processors and network interfaces,
and would understand that they could be implemented in
conjunction with such commonplace PC hardware as disclosed in
the Handbook.

tangible, non-transitory
computer-readable
Memory comprising
program instructions
that, when executed by
the one or more
processors, cause the
first playback device to:

Blank discloses that the media synch players 110 have computer
readable media at [0026]-{0027] that includes “computer readable
instructions, data structures, program logic or program modules”

Gray discloses 1o regards to management system 212 that
“lijnstructions, data, and other program modules necessary for the
operation of processing unit 236 and necessary for the operation of
the ASIC 238 may be stored in mass storage device 250 and/or
system memory 242, which includes read-only memory (“ROM”)
246 and random-access memory {("RAM”) 248,

A person of ordinary skill in the art would consider the media synch
players 110 of Blank or the management system 212 of Gray to be
playback devices that could be implemented as PCs or in
conjunction with PCs that have tangible, non-transitory computer-
readable memory comprising program instructions that, when
executed by the one or more processors, cause the first playback
device to perform the claimed functions, and would understand that
they could be implemented in conjunction with such commounplace
PC hardware as disclosed in the Handbook.

receive, via the network
interface from a
network device
configured to control
the first playback
device and
communicatively
coupled to the first
playback device over a
local area network
(LAN), control
information comprising

Blank discloses that recorded media that are distributed over a wide
geographic area can be used for a multimedia presentation that
requires synchronization of multiple displays at [0008].

Blank discloses that live playback system control console 125 at
[0054] that provides control signals to interface 220 of media synch
players 110, and that these control signals can include commands to
“play” and “get file.” Thus, at least live playback system control
console 125 is a “network device configured to control the first
playback device and communicatively coupled to the first playback
device over a local area network (LAN).”
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an address identifying a | [0054] “In the block 405, control signals from the control console

network location of 125 are received by the interface 220. In one embodiment, the

audio information control signals may comprise, for example, one of: play, pause,
available at an audio stop, seek to time, get file and show images.

information source,

wherein the audio Blank discloses that the disclosed system elements can be connected
information source i over a WAN or the Internet at [0023].

outside of the LAN; and
Blank incorporates U.S. patent application Ser. No. 09/836,834
(Published Application No. 2002/0150053 to Gray et a,, hereinafter
“(ray”) by reference at [0042] and [0045]. Gray discloses
communication of multimedia packets 304 from a multimedia
source 301 to a multimedia sink 302 over heterogeneous networks
303, which inherently requires an address identitying a network
location of audio information outside of a LAN for a multimedia
sink 302 on a local area network 313, See, Gray at Fig. 1, [0053],
[0059], {00617

A person of ordinary skill in the art would recognize that streaming
audio content from a source cutside of the LAN could be
accomplished using software programs such as the Windows Media
Plaver, as disclosed at [0037] of Blank.

A person having ordinary skill in the art would thus understand that
live playback system control console 125 can provide control
information to a media synch player that coroprises an address
identifying a network location of audio information available at an
audio information source, wherein the audio information source is
outside of the LAN, as disclosed in Gray.

To the extent it is considered that Blank does not disclose a
playback device that can receive, via the network interface from a
network device configured to control the first playback device and
communicatively coupled to the first playback device over a local
area network (L AN), control information comprising an address
identifying a network location of audio information available at an
audio information source, wherein the audio information source is
outside of the LAN, the Handbook discloses that PCs could be used
as playback devices and included the ability to obtain audio
information from a source outside the LAN. See the Handbook,
pages see pages 17-18, 28-34, 66-84, 109-116, 123-154, 243-261.
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In addition, to the extent that it is considered that Blank does not
disclose remotely controlling a playback device over a LAN, it was
also well known before the Critical Date of the *357 Patent to use
commercially avatiable PC software to receive control information
via the network interface of a first PC from a second PC that was
configured to control the first PC and that was communicatively
coupled to the first PC over a LAN. See pcAnywhere at page 12
{(“pcAnywhere lets you connect to another computer and perform
your work as though you were sitting in front of that computer. You
can view and edit files, access network resources, and run programs
that you have permission to access. You can also print files located
on anocther computer to your default printer.”} Such control
information could comprise an address identifying a network
location of audio information available at an audio information
source that 1s outside of the LAN, as disclosed in the Handbook.
after receiving the Blank discloses that media files 210 can be stored at a media storage
control information, (i} | location for each media synch player 110, or that is shared by two or
obtain, via the network | more media synch players 110 at [0037}

interface from the audio

information source Gray discloses at [0036]-[0037] that management system 212 can
outside of the LAN, the | receive audio data over the Internet for use with audio system 216,
audio information; and that management system can be a playback device that is

integral with audio system 216. A person of ordinary skill in the art
would understand that management system 212 can be implemented
as part of one or more media synch player 110

As such, a person having ordinary skill in the art would understand
that audio data that is received over the Internet by the system of
(ray can be stored as a media file 210 of a media synch player 110
of Blank. It was common as of the critical date of the ‘357 Patent
(April 1, 2003) for users to obtain content over the Internet from
sources outside of a user’s LAN and to store that content on a
personal computer or other playback device. See, e.g , the
Handbook at Appendix A. A person of skill would also understand
that the media synch players 110 of Blank or the management
system 212 of Gray could also or alternatively be used as playback
devices of Edens for synchronous playback, as members of the
synchrony group of Edens, such as to allow the architecture of
Edens to be used in a system other than the logical ring network of
Edens.

In addition, Edens discloses that one of the playback devices of
Edens, such as multimedia PC 170 or MDV 5100, could be used {0
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obtain audio data over the Internet and to provide that audic data to
other plavback devices, as discussed above for this limitation in
regards to Eden. Also, see claim 3 of Eden.

(1) transmit, via the Blank discloses clock module 212 of a media synch player 110 that
network interface of the | can be slaved to another clocking system at [0038]. Blank also
first playback device to | discloses the use of a time server 120 at [0029] and [0044]-[0051].

a second playback A person of ordinary skill in the art would recognize that the time
device, the audio server 120 could be located on a first media syuch player 110, and
information, playback could provide the master clock that is used to provide the playback
timing information timing information. The time server 120 would then transmit clock
associated with the information to a second media synch players 110, to allow it to
audio information, and | acquire lock with a clock contained in time server 120. See [0048&]
device clock of Blank. As discussed below, the first media synch player 110 can
information of the first | obtain the audio information and provide it to the second media
playback device; and synch player 110 using Windows file sharing, and can then provide

playback timing information by either 1) hosting live playback
system control console 125 and transmitting a play command to the
second media synch player 110, for “playback timing information”
construction 1, or 2} add time stamps to the media data packets at
the application laver that are used to control playback timing in
accordance with the teachings of Gray, for “playback timing
information” construction 2.

Time information can also be transmitted from time server 120 to
other media synch players 110 to cause them to “speed up or slow
down rendering of clocks 212 in the individual media synch players
110”7 See [0045] of Blank. Time information that causes other
media synch plavers 110 to speed up or slow down meets the
broadest reasonable interpretation of “playback timing
information,” because it is used to control playback timing,

A person of ordinary skill in the art would consider the media synch
players 110 of Blank or the management system 212 of Gray to be
playback devices that could be implemented as PCs or in
conjunction with PCs that use SMPTE (as disclosed in Blank at
[0008]) or RFC 1305(as disclosed in Blank at [0024] as NTP) to
generate playback timing information associated with the audio
information, under either construction 1 in the form of a “play”
command or under construction 2 in the form of frame-specific
playback timing information. A person of skill would also
understand that the the architecture of Edens could be used in a
system other than the logical ring network of Edens, such as with
the media synch players 110 of Blank or the management system
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212 of Gray, and that by using the timing information architeciure
of Edens (i.e. designation of one of the playback devices as a
network clock device), and serial streaming of audio data between
devices in the synchrony group as taught by Edens, that the number
of system components could be reduced and that redundancy and
reliability could be increased.

A person having skill in the art would recognize that live playback
system: control console 125 can also be implemenied on a media
syuch player 110 with time server 120, and can be used to provide
plavback timing information to other media synch players 110 as
disclosed at [0044] as a time stamp “t” and an indication of a delay
“d” that is used to coordinate playback, which satisfies the broadest
reasonable interpretation of “playback timing information,” because
it is used to control playback timing, either based on the knowledge
of one of ordinary skill in the art, or based on the teachings of the
MDYV 5100 of Edens.

Blank also discloses that the “exemplary media synch player 110
may be realized as a modified conventional personal computer, such
as 1s available from a variety of commercial sources, employing a
Windows ® operating system, available from many sources and
from Microsoft Corporation of Redmond, Wash.” [0034]. The
Windows operating system permitted file sharing between personal
computers, see, e.g., “File and Printer Sharing with Microsoft
Windows,” Microsoft Corporation, November 2003 at page 1 (“File
and printer sharing is the ability of a computer running Windows to
share a folder or attached printer with other computers on a
network. File sharing allows you to make files and foldersin a
shared folder accessible to others on the network to view, copy, or
modify.

For example, with file sharing, vou can store all of your documents
on a central computer and share the folder that contains them. Then,
from another computer atitached to the same network as the
computer that contains the files, you can connect to the shared
folder and work with the documents as if they were locally stored.
For example, you can access files that are stored on a central
desktop computer from a wireless laptop computer that vou can
carry from room to room in your home.”) As such, the system of
Blank could allow a first media synch player 110 to obtain an audio
file from a source outside of the LAN, store the audio file to a local
media file 210 of the first media synch player 110, and then allow a
second media synch player 110 to obtain that audio content over the
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LAN using the Windows operating system file sharing
functionality, in response to a command from lice playback system
control console 125.

Gray discloses the use of time stamps in multimedia packets at
[0062] that are used to control the time that a multimedia packet is
to be rendered at, and further discloses at {0069] that the application
laver can “maintain the common time reckoning across the devices,
calculate the appropriate time stamp, and/or include the time stamp
in the multimedia packet.” A person of ordinary skill in the art
would recognize from this teaching that the application layer on the
media synch player 110 that includes a time server 120 could
include the time stamp into the multimedia packets of the audio data
from media file 210 (that has been obtained from outside the LAN
and stored in media file 210) and which is theo provided to other
media synch players 110 as “playback timing data” for
synchronized playback, because that would allow the system of
Blank to be implemented on as few as two different devices, and
would eliminate the need for a separate time server 120

Blank discloses the playback timing information associated with the
audio information under construction 1, such as when a start time
t+d 1s generated by a first playback device that 1s also used to
implement system control console 125, See [0029]

Gray discloses the playback timing information associated with the
audic information under construction 2, such as when the
application {ayer of a media synch player 110 inserts timestamps
into frames of audio data. . See [0016], [0087], [0089].

A person of ordinary skill in the art would consider the media synch
players 110 of Blank or the management system 212 of Gray to be
playback devices that could be implemented as PCs or in
conjunction with PCs, and which can transmit audio information,
playback timing information and clock information to another
playback device for synchronous playback. A person of skill
would also understand that the media synch players 110 of Blank or
the management system 212 of Gray could also or alternatively be
used as playback devices of Edens for synchronous playback, as
members of the synchrony group of Edens, such as to allow the
architecture of Edens to be used in a system other than the logical
ring network of Edens, as discussed for the corresponding element
in the Edens claim chart.
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To the extent that it is considered that Blank or Gray do not disclose
this limitation, the Sonos APA discloses that it was known to
transmit audio information and playback tirsing information
associated with the audio information (for synchronous playback)
and device clock information of the first playback device {using
RFC 1305 or SNTP), via the network interface of the first playback
device to a second playback device. See ‘357 Patent at 1:47 t0 2:28
and the 768 Provisional at pages 1-2. [t would be obvious to use
the Sonos APA with the system of Blank, because both Blank and
the Sonos APA are directed to networked audio devices that play
back audio in synchrony, and the Sonos APA would eliminate the
need for an additional device for time server 120, because it teaches
that the timing functionality can be provided by a playback device.

(ii1) play back the audio
information in
synchrony with the
second playback device
by using the playback
timing information
associated with the
audio information and
the device clock
information of the first
playback device to play
back the audio
information,

Blank discloses that media synch players 110 play back the audio
information in synchrony with each other by using the playback
timing information associated with the audio information that is
generated by Hve playback system control consoled 125 and the
device clock information of the first playback device (which is used
to generate the NTP timing information} to play back the audic
information. See [0009], [0010], [0022], [0024], [06025], [0029],
[0041], [0043]-[0045]. Each media synch player 110 uses the audio
information and its own clock information and the playback timing
information {(the start time of Blank t+d under construction 1, or
frame-specific time stamps of Gray under construction 2), but even
if the claims are amended to positively recite the second playback
device and to require the second playback device to use the
playback timing information associated with the audio imnformation
and the device clock information of the first playback device to play
back the audio information, Blank or Blank and Gray disclose that
aiso.

The management systems 212 of Gray can play back the audio
information in synchrony with a second management system 212 by
using the playback timing information associated with each frame
of the audio information and the device clock information of the
first playback device to play back the audic information, such as
using an application synchronization process in conjunction with
the management systems 212, See [0016], [0087], [00891.

A person of ordinary skill in the art would consider the media synch
players 110 of Blank or the management system 212 of Gray to be
playback devices that could be implemented as PCs or in
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conjunction with PCs, and which can play back audio in synchrony
with each other using the playback timing information and clock
time information of the first playback device, as discussed above.
A person of skill would also understand that the media synch
players 110 of Blank or the management system 212 of Gray could
also or alternatively be used as playback devices of Edens for
synchronous playback, as members of the synchrony group of
Edens, such as to allow the architecture of Edens tobe used in a
system other than the logical ring network of Edens, and to
playback the andio data using the playback timing information and
clock information of a first playback device as described for the
corresponding limitation of Edens.

It is noted that this limitation does not require the second playback
device to playback the audio information by using the playback
timing information associated with the audio information and the
device clock information of the first playback device to play back
the audio information. That limitation only applies to the first
playback device, and as long as the second playback device is
playing back the audio information in synchrony with the first
playback device while the first playback device uses the playback
timing information associated with the audio information and the
device clock nformation of the first playback device to play back
the audio information, then the claim limitation is satisfied.

To the extent that it is considered that Blank or Gray do not disclose
this limitation, the Sonos APA discloses that it was known to
transmit audic information and playback timing information
associated with the audio information (for synchronous playback)
and device clock information of the first playback device (using
RFC 1305 or SNTP), via the network interface of the first playback
device to a second playback device. See ‘357 Patent at 1:47 to 2:28
and the ‘768 Provisional at pages 1-2. It would be cbvious to use
the Sonos APA with the system of Blank, because both Blank and
the Sonos APA are directed to networked audio devices that play
back audic in synchrony, and the Sonos APA would allow Blank to
provide the timing functionality on one of the media synch players
110 instead of & dedicated time server 120, thus reducing the need
for an additional device,

wherein the first and Each media synch player 110 of Blank includes a clock module or
second playback clocking systemn 212 that is an independent clock, where the media
devices remain synich players 110 operating in accordance with their own respective

independently clocked | clocks during synchronous playback.
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during synchronous
playback of the audio A person of ordinary skill in the art would consider the media synch
information. players 110 of Blank or the management system 212 of Gray to be
playback devices that could be implemented as PCs or in
conjunction with PCs, and which can remain independently clocked
during synchronous playback, at least because PCs contain multiple
clocks that can be independent. A person of skiil would also
understand that the media synch players 110 of Blank or the
management system 212 of Gray could also or alternatively be used
as playback devices of Edens for synchronous playback, as
members of the synchrony group of Edens, such as to allow the
architecture of Hdens to be used in a system other than the logical
ring network of Edens.

To the extent that it is considered that Blank or Gray do not disclose
this limitation, the Sonos APA discloses that playback devices can
remain independently clocked during synchronous playback of
audio information, see ‘357 Patent at 2:21-27 (“When an audio
playback device converts the digital audic information from digital
to analog form, it does so using a clock that provides timing
information. Generally, the audio playback devices that are being
developed have independent clocks, and, if they are not clocking at
precisely the same rate, the audio playback provided by the various
devices can get out of synchronization.”). Thus, if the independent
clocks of the audic playback devices are clocking at precisely the
same rate by design, or if they are synchronized, then the audio
playback provided by the varicus devices remains in
synchronization. The claims do not address how to address the
situation where the independent clocks of the audio playback
devices are not clocking at precisely the same rate or are not
synchronized, and how to accommodate/correct/address that

condition.
10. The first playback Blank discloses that the software generates the playback timing
device of claim 9, information associated with the audio information under
wherein the program construction 1, such as when a start time t+d s generated by a first
instructions, when playback device that is also used to implement system control

executed by the one or | console 125, See [0029]
MOre Processors,

further cause the first Gray discloses that the software generates the playback timing
playback device to: information associated with the audio information under

generate the playback construction 2, such as when the application layer of a media synch
timing information player 110 inserts timestamps into frames of audio data. See

[0016], [0087], [0089],
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associated with the
audio information; and | A person of ordinary skill in the art would consider the media synch
players 110 of Blank or the management system 212 of Gray to be
playback devices that could be implemented as PCs or in
conjunction with PCs that use SMPTE (as disclosed in Blank at
[0008]) or RFC 1305(as disclosed in Blank at [0024] as NTP) to
generate playback timing information associated with the audio
information, under either construction 1 in the form of a “play”
command or under construction 2 in the form of frame-specific
playback timing information. A person of skill would also
understand that the media synch players 110 of Blank or the
management system 212 of Gray could also or alternatively be used
as playback devices of Edens for synchronous playback, as
members of the synchrony group of Edens, such as to allow the
architecture of Edens to be used in g system other than the logical
ring network of Edens and by using the timing information
architecture of Edens {i.e. designation of one of the playback
devices as a network clock device, and serial streaming of audio
data between devices in the synchrony group as taught by Edens.

generate the device Blank discloses that the media synch player 110 sottware causes the
clock information of the | media synch player 110 to generate device clock information of the
first playback device. first playback device, such as by activating the Network Time

Protocol module 15, See [0038], [0046]1-J0048].

A person of ordinary skill in the art would consider the media synch
players 110 of Blank or the management system 212 of Gray to be
playback devices that could be implemented as PCs or in
conjunction with PCs that have tangible, non-transitory computer-
readable memory comprising program instructions that, when
executed by the one or more processors, cause the first playback
device to generate the device clock information of the first playback
device, such as for any device clock of the PC that can be actuated
in response to such instructions (e.g. a sound card, a network card
and so forth}. A person of skill would also understand that the
media synch players 110 of Blank or the management systern 212 of
Gray could also or alternatively be used as playback devices of
Edens for synchronous playback, as members of the synchrony
group of Edens, such as to allow the architecture of Edens to be
used in a system other than the logical ring network of Edens.

11. The first playback Blank discloses at [0029] that the “media synch players 110 each

device of claim 9, generate a content stream such as video or audiovisual data in

wherein the control synchrony at the behest of the live playback system control console

information further 125, Synchronism is derived from the time server 120, facilitating
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comprises one or more | orchestration of the content provided by the media synch players

instructions for the first | 110. The system control console 125 and the media synch players

playback device and the | 110 are slaved to the time server 120. As such, the system control

second playback device | console 125 can transmit a start time i+d for the media synch

to playback audio players 110 to start providing content from media files 210 (FIG. 2),
imformation. and the media synch players 110 are synchronized with respect to

this start time.” The start time i3 control information that includes
one or more instructions for the first playback device and the second
playback device to playback audio information.

Claim 5 of Blank includes the “process of claim 1, wherein
providing content comprises providing content from each of the
multiple media players in response to commands from a control
console at a time specified by the control console”

See also Blank at {0044] (“In operation, a time stamp “t” is obtained
by each device from the controller 123, which is synchronized with
the time server 120. Also included with the time stamp t is a delay
indication “d”. In combination, these time related components
instruct the media synch players 110 on when to render content
available from the media files 210. Essentially, each media synch
player 110 will wait to render content until a particular time t+d,
derived from the time stamp from the controiler 125. As such,
content from all of the media synch players 110 will be
synchronized to the same moment in ime-—t+d —regardiess of
when the time synchronization was initiated.”); [0056} (“In a block
410, the media synch players 110 respond to the control signals and
provide appropriate output signals via the signal paths 112 to the
displays 10S. Such may comprise start of synchronized operation of
the media synch players 110 and associated displays 105, switching
from one media file 210 to another (e.g, get file followed by start),
cease operation (e.g., stop), which may include initiation of a
predetermined state such as a blank or black display 105, and the
like.”).

A person of ordinary skill in the art would consider the media synch
players 110 of Blank or the management system 212 of Gray to be
plavback devices that could be implemented as PCs or in
conjunction with PCs, and which can play back audio in synchrony
with each other in response to a suitable playback command. A
person of skill would also understand that the media synch players
110 of Blank or the management system 212 of Gray could also or
alternatively be used as playback devices of Edens for synchronocus
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playback, as members of the synchrony group of Edens, such as to
allow the architecture of Edens to be used in a system other than the
logical ring network of Edens.

12. The first playback
device of claim 11,
wherein the first and
second playback
devices are members of
a synchrony group, and
wherein the program
instructions, when
executed by the one or
MOre Processors,
further cause the first
playback device to:

Blank discloses that media synch players 110 are members of a
synchrony group that play back the audio information in synchrony
with each other by using the playback timing information associated
with the audio information that is generated by live playback system
control consoled 125 and the device clock information of the first
playback device (which is used to generate the NTP timing
information) to play back the audio information. See [0009], [0010],
[0022], [0024], [0025], [0029], [00411, [0043]-[0045],

The management systems 212 of Gray can play back the audio
information in synchrony with a second management system 212 in
a synchrony group by using the playback timing information
associated with each frame of the audio information and the device
clock information of the first playback device to play back the audio
information, such as using an application synchronization process in
conjunction with the management systems 212, See [0016], [0087],
[00891.

A person of ordinary skill in the art would consider the media synch
players 110 of Blank or the management system 212 of Gray to be
playback devices that could be implemented as PCs or in
comjunction with PCs, and which can play back audio in synchrony
with each other, which would make then members of a synchrony
group. A person of skill would also understand that the redia
synch players 110 of Blank or the management system 212 of Gray
could also or alternatively be used as playback devices of Edens for
syuchronous playback, as members of the synchrony group of
Edens, such as to allow the architecture of Edens tobe used in a
system other than the logical ring network of Edens.

transmit, to the network
device, status
information that
comprises a status of
the synchrony group.

Blank discloses that status information that comprises a status of the
synchrony group can be displayed in Figure 6, which shows the
status of players Al, Bl and C1, which are each playing the same
audio source (“Fgn_ Affair”). See [0064]-[0065]
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Blank discloses that status information can be displayed using a
player status mode [0070], and that the status information can
include a status such as “playing” [0071]. See Fig. 9, “player
status,” which is a “status of the synchrony group” because itis a
status of a member of the synchrony group under the broadest
reasonable construction of the term:
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Fig. 9

See also Figures 7 and 8, [0066]-[0069]

A person of ordinary skill in the art would consider the media synch
players 110 of Blank or the management systern 212 of Gray to be
playback devices that could be implemented as PCs or in
conjunction with PCs that can transmit status information to a
controller, such as a remote control interface in conjunction with
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‘357 Patent

Blank in combination with Grav, SMPTE, RFC 1305, Microsoft
File Sharing, pcAnvwhere, the Handbook and Sonos APA
under 35 U.5.C. 103(a)

pcAnywhere or the group status functionality as discussed for Edens
for the corresponding element.

To the extent that it is considered that Blank does not disclose this
limitation, the Sonos APA discloses the existence of discovery
protocols that can be used to learn about other components on the
network and to establish communication with them, such as the
Universal Plug and Play (UPnP) architecture, which defines
discovery as the first step in UPnP networking. This allows devices
to discover other devices and to exchange information about
themselves and/or their services. See UJ.8. Provisional Application
60/490,768, filed July 28, 2003 (the 768 Provisional). A person of
ordinary skill in the art would understand that such discovery
protocols would result in the transmission of status information for
each device in the synchrony group to a controller device, which
could be implemenied in conjunction with live playback system
control console 125 or other suitable control devices.

19. The first playback
device of claim 9,
wherein the audio
information source
outside of the LAN is
an Internet-accessible
audio information
source, and wherein
obtaining, from the
audio information
source outside of the
AN, the audio
information, comprises
obtaining the audic
information from the
Internet-accessible
audio information
source.

Blank discloses that the system elements can be connected by
LANs, WANs or the Intemnet. See [0023]

Gray discloses that audio content can be obtained from a remote
source over the Internet. See [0035]-[0037], [0041], [00406]-[0048].

A person of ordinary skill in the art would consider the media synch
players 110 of Blank or the management system 212 of Gray to be
plavback devices that could be implemented as PCs or in
conjunction with PCs that can obtain audio information from an
Internet-accessible source, as disclosed in Edens for multimedia PC
170 or M3V 5100, or the Handbook.
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M. Meade in view of Goldberg and the Sonos APA, either alone under 35 U.5.C.
103(a} {(Table 6} or in further combination with Edens, Blank, SMPTE, NTP,
Nutshell, RTP and RTSP under 35 U.5.C. 103{(a) (Table 7} presenis a
Substantial New Question of Patentability

Although the Challenged Claims were allowed over Meade in view of Goldberg following
the amendments submitted on July 7, 2015, the Office did not explicitly consider the Sonos APA
at that point (or at any time previous to that point). The claim amendments that were submitted on
July 7, 2015, were disclosed in the Sonos APA, and should not have provided a basis for
overcoming the rejections of the claims over Meade in view of Goldberg, if the Sonos APA had
been considered.

For example, claim 21 as amended on July 7, 2015 is presented below for the convenience
of the Office:

21. A first playback device comprising;

OHE OF IOTE DUOCcessors;

a network interface; and

tangible, non-transitory computer-readable memory comprising program
instructions that, when executed by {{a]] the one or more processors, cause the playback
device to:

recetve, via the network interface from a network device configured to control the
first playback device and communicatively coupisd; to the first playback device over alocal
area netw Drk (L ‘\N) control mformanon compmmo {&) Re-Hr-Mmore m%ruciwm ﬁ-m{

informationand-(i} an dddrcss 1dent1fymg a ng,twork iecatmn Qf the audlo mformauon
avai abie at an audm information source, wherein the audio information source 1s cutside
of the LAN; and

i-respense-te after receiving the control information, (i) obtain, via the
network mierf’;cc frcm the audio information source ouiside of the LAN, the audio
information; (i1} transmit, via the network interface of the first playback dwme to the
second playback device, the audio information, playback timing infermation assoeciated
with the audio information. and device clock information of the first plavback device;
and (ii1) play back the audio information in synchrony with the second plavback device
by using the plavback timing information associated with the audio information and
the clock information of the first plavback device to plav back the audio infermation,
wherein the first and second plavback devices remain independently clocked during
synchronous plavback of the audio information.

As shown above, the Sonos APA included admissions that playback timing information
associated with the audio information (required for synchronous playback), device clock
information of the first playback device (required for NTP and SNTP) and independently clocked
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devices capable of synchronous playback using synchronized clocks were known in the art. See,
e.g Sonos APA nos 1,2 6, 7,9, 11 and 12, As shown in the claim chart below, Mead and
Goldberg in combination with the Sonos APA discloses each element of the Challenged Claims
of the ‘357 Patent in a manner that was not considered during the original prosecution of the *357
Patent, at least because Examiner Survillo did not explicitly consider the Sonos APA during the
original prosecution, and did not appear to understand the full scope of what Sonos admitted was
prior art to the 357 Patent.

In addition, while the Sonos APA explicitly discloses playing back the audio information
in synchrony with playback devices using playback timing information associated with the audio
information and clock information of a first playback device to play back the andio information,
wherein the playback devices remain independently clocked during synchronous playback of the
audio information, Edens and Blank also disclose these limitations in the same technical field
{networked audio devices) and for the same purpose (synchronized playback of audio by
networked audio devices). A person having skill in the art would understand that the use of
playback timing information associated with the andic information and clock information of a first
playback device to play back the audio information, wherein the playback devices remain
independently clocked during synchronous playback of the audic information, as disclosed in
Edens and Blank, could be applied to Meade in view of Goldberg, either with or without the benetit
of the Scnos APA, to result in the claimed inventions of the Challenged Claims of the ‘357 Patent.

In addition, because Meade, Goldberg, Edens and Blank are each directed to the same
technical field of networked audio devices and the same problem of providing synchronous
playback of audio information on networked audio devices, which can include a PC in each
reference, a person having ordinary skill in the art would understand that the devices and/or
techniques of Edens and/or Blank (and the general disclosure regarding common features of
multimedia PCs in the Handbook) could be used with Meade and Goldberg, to the extent that they
were not inherent in such devices of Meade and Goldberg. The ability to exchange playback timing
information and clock information of devices is generally a basic and necessary component of
networked audio devices that playback audio in synchrony, and to the extent that Meade and
Goldberg do not explicitly disclose that functionality, Edens and Blank demonstrate that it was

well known in the art and that standards such as SMPTE and NTP were commonly used in such
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systems to play back audio information in synchrony. In addition, the remote control functionality
disclosed in pcAnywhere could be used with a PC on a network.

It is further noted that Goldberg discloses that it is compatible with streaming audio formats
such as Real Audio, Windows Media Audio, Shockwave streaming audio, QuickTime audio or
even streaming MP3 and others at [0171], which would include the use of real time streaming
functionality such as the Realtime Transfer Protocol (RTP), see Nutshell at 24.4.2. Server Software
and Protocols (pages 462-463 of 478) (“Sireaming media takes advantage of either UDP (User

Datagram Protocol), RTSP (RealTime Streaming Protocol}, or RTP (RealTime Transfer Protocol)

EERY

for the transmission of data.”); RTSP at page 54, discussing the use of NTP and RTP timestamps;
and RTP at pages 9 and 22-29, discussing use of NTP.
RTP discloses the use of a frame format that includes a frame sequence number, see RFC

1889 at page 10:
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In addition, RTP also discloses at page 23 a sender report and receiver report that includes

both NTP and RTP timestamp data:
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As such, RTP discloses the transmission of clock information of a first playback device,
when the first playback device is a sender of an NTP timestamp or an RTP timestamp.

RTSP discloses at 35 that a “play” command can include a Range header, and that the
“Range header may also contain a time parameter. This parameter specifies a time in UTC at which
the playback should start. If the message is received after the specified time, playback is started
immediately. The time parameter may be used to aid in synchronization of streams obtained from
different sources.” Thus, RTSP discloses the transmission of playback timing information.

To the extent that the use of RTSP and RTP in Goldberg is not considered to be inherent
in the disclosure of the use of Real Audio, Windows Media Audio, Shockwave streaming audio,
QuickTime audio, streaming MP3 and other real time streaming functionality in Goldberg, as
explained 1n Nutshell, a person having skill in the art would consider it obvious to combine
Nutshell, RTSP and RTP with Goldberg, because those references provide additional details on
well-known and widely used streaming audio protocols that include enabling disclosure in the
prior art for the use of playback timing information and clock time information of a playback
device with another playback device to play back audio. While Nutshell, RTSP and RTP are not
believed to be necessary, and are in fact daplicative of information disclosed in the other references
and the Sonos APA, they are included herein for the convenience of the Office. It is noted that in
the Concurrent Litigation, Sonos and its technical experts appear to have taken the position that
NTP, RTP, RTSP and other standards that were in wide use as of the critical date of the ‘357 Patent
were out of date and irrelevant, because their publication dates made them too old to have any
applicability or relevance to the claimed tnventions, which is flatly contradicted by the Sonos APA.

As such, Meade in view of Goldberg and the Sonos APA presents a Substantial New
Question of Patentability, either alone or in combination with Edens, Blank, the Handbook,

pcAnywhere, SMPTE, NTP, RTP and RTSP.
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TABLE 6

SUBSTANTIAL NEW QUESTION OF PATENTABILITY FOR

CLAIMSY 10, 12 AND 19 BASED ON MEADE IN VIEW OF GOLDBERG

AND THE SONQOS APA UNDER 35 U.S5.C. 103(A)

‘357 Patent

Meade in view of Goldberg and the Sones APA

9. A first playback
device comprising:

Final rejection dated March 9, 2015 (“Final Rejection™) at page 7
{“As to claim 21, Meade in view of Goldberg teaches a_first
plavback device [audio device 28 that is one of the apphiances 13;
appliance controller 50 that is one of the appliances 13; or any other
appliance 13 depicted at Fig. 2 in Meade; DJ unit 200, broadcast
unit 710 in Goldberg] comprising: a network interface [wireless
communicator 86} (Fig. 4 in Meade) {inter-unit tx/rx 11 O] (par.
[0096] in Goldberg); and memory comprising program insiructions
that, when executed by a processor, cause the playback device to
perform the method steps, as discussed per claim 33, above”
{emphasis added)

ONE OF TNOTE Processors; a
network interface; and

Final rejection at page 7 (“As to claim 21, Meade 1o view of
Goldberg teaches a first playback device [audio device 28 that is
one of the appliances 13; appliance controller 50 that is one of the
appliances 13; or any other appliance 13 depicted at Fig. 2 in
Meade; 2J unit 200, broadcast unit 710 in Goldberg] comprising: a
petwork interface [wireless communicator 86] (Fig. 4 in Meade)
[inter-unit tx/rx 11 O] (par. [0096] in Goldberg), and memory
comprising program instructions that, when executed by a
processor, cause the playback device to perform the method steps,
as discussed per claim 33, above.” (emphasis added)

tangible, non-transitory
computer-readable
MSMOry COmprising
program instructions
that, when executed by
the one or more
processors, cause the first
playback device to:

Final rejection at page 7 (“As to claim 21, Meade in view of
Goldberg teaches a first playback device [audio device 28 that is
one of the appliances 13; appliance controller S0 that is one of the
appliances 13; or any other appliance 13 depicted at Fig 2 in
Meade; DJ unit 200, broadcast unit 710 in Goldberg] comprising: a
network interface [wireless communicator 86] (Fig. 4 in Meade)
[inter-unit tx/rx 11 O] (par. {0096} in Goldberg), and memory
comprising program instructions that, when executed by a
processor, cause the plavback device fo perform the method
stens, as discussed per claim 33, above.” {emphasis added).

receive, via the network
interface from a network
device configured to
control the first playback
device and
communicatively
coupled to the first
playback device overa

Final rejection at page S (“As to claim 33, Meade teaches a method
comprising: yeceiving, by a first plavback device [audio device 28
that is one of the appliances 13; appliance controller 50 that is one
of the appliances 13; or any other appliance 13 depicted at Fig. 2]
(Fig. 2; par. [0034], [0039]) from a network device [mobile device
12} configured to control the first plavback device [configured to
apply user preferences 18 at the selected appliances for control of
the selected appliances] (par. [0039]) and communicatively

18440601v.1
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Meade in view of Goldbere and the Sonoes APA

focal area network
{(LAN), control
information comprising
an address identifying a
network location of
audio information
available at an audio
information source,
wherein the audio
information source is
outside of the LAN; and

coupled te the first plavback device over a local area network
{LAN) [network communication link 707 (par. [0042], [0047]),
control information comprising (i} one or meore instructions that
cause the first plavback device and a second plavback device
[another appliance 131 (Fig. 2) te_ plavback multimedia
information [mobile device 12 coordinates different media aspects
of the same content or related content to be performed
simultanecusly on multiple appliances 13] {par. [00831-[0084]) and
(1) an_address identifying a lecation of the multimedia
information available at an audio information source [providing
selection of a TV channel identification or radio station
identification as part of user preferences 18 that the user desires to
be output at the selected appliances 13} (par. [0026], [0059]),
wherein the audio information source is cuiside of the LAN[TY
and radio broadcast stations are well known in the art as being
external sources outside of any local area networks formed by
devices in proximity].” {emphasis added).

The Sonos APA includes that it was known that the audio playback
devices could be located in the same room or distributed in different
rooms in a residence such as a house or an apartment, in different
offices in an office building, or the like, that in this configuration,
the audio information that is distributed to various audio playback
devices may relate to the same audio program, or the information
may relate to different audio programs, and that if the audio
information source provides audio information relating to the same
audio program to two or more audio playback devices at the same
time, the audio playback devices will generally contemporaneously
play the same program. All of these functions require control
information to be provided over the network, and the Office
concurred that this APA was disclosed in Meade.

after receiving the
control information, (i)
obtain, via the network
interface from the audio
information source
outside of the LAN, the
audio information;

Final Office action at page 6 (“ip response to receiving the control
information {in response to receiving user preferences 18 at the
controlied appliance] (i} obtaining, by the first plavback device
from the audio information source outside of the LAN, the
audie information [audio device 28 receiving radio {or TV}
broadcast of audio information (i.e. songs) that are preferred by the
user] (par. [0057}); and (i1} playing back, by the first playback
device, the audio information (par. [0062]).” (emphasis added).

The Sonos APA includes that it was known that audio information
that is distributed to varicus audio playvback devices may relate to
the same audio program, or the information may relate to different
audio programs, and that if the audio information source provides
audio information relating to the same audio program to two or
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Meade in view of Goldbere and the Sonoes APA

more audio playback devices at the same tiroe, the audio playback
devices will generally contemporaneously play the same program,
and the Office concurred with Sonos that this functionality was in
the prior art.

(11) transmit, via the
network interface of the
first playback device to a
second playback device,
the audio information,
playback timing
information associated
with the audio
information, and device
clock information of the
first playback device;
and

Final Office action at pages 6-7 (“Goldberg is directed to a method,
system, and apparatus for playing an audio signal synchronously on
a first mobile audio player and at least a second mobile audio plaver
(abstract). In particular, Goldberg teaches a method comprising:
obtaining, by the first playback device [ unit 200, broadcast unit
71 O] from the audio information source {distributor], the audio
information [music files] (par. [0338], Fig. 25), wherein the audio
information source is ouiside of the LAN [distributor is an Internet
device located via Iunternet] (par. [0350], [0351], [0357])
transmitting. by the first plavback device to a second plavback
device [member unit 100, receive unit 730}, the audie information
[step 1348} (Fig. 25, par. [0339)); and playing back, by the first
playback device, the audio information (par. [00191). It would have
been obvious to one or ordinary skill in the art at the time of the
invention to modify the method, the first playback device, and the
program of Meade by having the audio information in the form of a
user-preferred song being played by the at least two appliances in
the group 40 of Meade, such that the radio broadcast of the football
game would be played by the TV 14 (that is known to have audio
output capability) and by the radio 28, in synchrony, in order to
enhance the personal or social experience of the audio being played
{par. [0101] in Goldberg).”

The Sonos APA discloses the commonplace use of NTP or SNTP
to transmit the audio information, playback tirsing information
associated with the audio information, and device clock information
of the first playback device (either under construction 1, such as a
start time, or under construction 2, such as frame-specific timing),
as well as clock time information of the first playback device (such
as for NTP or SNTP timing synchronization).

(1ii) play back the audio
information in synchrony
with the second playback
device by using the
playback timing
information associated
with the audio
information and the
device clock information
of the first playback

Final Office action at pages 6-7 (“Goldberg is directed to a method,
system, and apparatus for playing an audio signal synchronously on
a first mobile audio player and at least a second mobhile audio player
(abstract). In particular, Goldberg teaches a method comprising:
obtaining, by the first playback device [DJ unit 200, broadcast unit
71 O from the audio information source [distributor], the audio
information [music files] (par. [0338], Fig. 25), wherein the audio
information source is outside of the LAN [distributor is an Internet
device located via Internet] (par. [0350], [0351%, [0357]);
transmitting, by the first playback device to a second playback
device [member unit 100, receive unit 730}, the audio information
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Meade in view of Goldbere and the Sonoes APA

device to play back the
audio information,

[step 1348] (Fig. 25, par. {0339]); and plaving back, by the first
plavback device, the audic information (par. [0019]). It would
have been cbvious to one or ordinary skill in the art at the time of
the invention to modify the method, the first playback device, and
the program of Meade by having the audio information in the form
of a user-preferred song being played by the at least two appliances
in the group 40 of Meade, such that the radic broadcast of the
football game would be played by the TV 14 (that is known to have
audio output capability) and by the radio 28, iu synchrony, in order
to enhance the personal or social experience of the audio being
played (par. [0101] in Goldberg).”

The Sonos APA discloses the commonplace use of NTP or SNTP
to play back the audio information in synchrony using the playback
timing information associated with the audio information, and
device clock information of the first playback device {(either under
construction 1, such as a start time, or under construction 2, such as
frame-specific timing), as well as clock time information of the first
playback device (such as for NTP or SNTP timing synchronization).

wherein the first and
second playback devices
remain independently
clocked during
synchronous playback of
the audio information.

While Meade and Goldberg do not explicitly disclose “independent
clocks,” it was known to use independent clocks during
synchronous playback, as recognized by the Sonos APA.

10. The first playback
device of claim 9,
wherein the program
instructions, when
executed by the one or
more processors, further
cause the first playback
device to:

generate the playback
timing information
assoctated with the audio
information; and

Final Office action, page 8 (“As to claims 22 and 34, Meade in view
of Goldberg teaches that in response io receiving the control
information [application of the user preferences 18 at the coniroller
appliance 13 in Meade], additionally: generating, bv the first
plavback device, timing information based on the audio
information (par. [0201 ]-[0203}in Goldberg}; and transmitting, by
the first playback device to the second playback device, the timing
information {par. [0201 }-{0203] in Goldberg), and wherein playing
back the audio information comprises playing back the audic
information according to the timing information (par. [0201 }-
[0203] in Goldberg).”)

The Sonos APA discloses the commonplace use of NTP or SNTP
to generate playback timing information associated with the audio
information. The Office agreed that Goldberg disclosed this prior
art functiovality from the Sonos APA.

generate the device clock
information of the first
playback device.

The appliances depicted at Fig. 2 in Meade include the PC, which
inherently use program instructions to generate device clock
information. The Sonos APA discloses the commonplace use of
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Meade in view of Goldbere and the Sonoes APA

NTP or SNTP which uses the device clock of the first playback
device to generate device clock information.

11. The first playback
device of claim 9,
wherein the control
information further
comprises one or more
instructions for the first
playback device and the
second playback device
to playback audio
information.

Final Office action, page 8 (“As to claims 23 and 35, Meade in view
of Goldberg teaches causing the first playback device to: before
transmitting the audio information to the second playback device
[before broadcast unit 710 of Goldberg begins broadcasting audio],
receive, by the first plavback device from the network device,
an_instruction te jein a synchronv group that includes the
second plavback device [receiving, by the video device 14 of
Meade from the mobile computing device 12, user preferences 18
instructing the video device 14 to play user-selected content
simultanecusly by a group of devices including the video device 14
and audio device 28, where the user preferences 18 include
grouping information of appliances] (par. {0059], [0083], [0112] in
Meade).”

The Sonos APA includes that it was known that it was desirable to
maintain  synchrony of operations among a plurality of
independently-clocked digital data processing devices in relation to
information that was provided thereto by a common source, that
systems were being developed in which one audio information
source can distribute audic information in digital form to a number
of audio playback devices for playback, that the audio playback
devices were known to be for receiving the digital information and
for converting it to analog form for playback, that it was known that
the audio playback devices could be located in the same room or
distributed in different rooms in a residence such as a house or an
apartment, in different offices in an office building, or the like, and
that in this configuration, the audio information that is distributed
to various audio playback devices may relate to the same audio
program, or the information may relate to different audio programs,
which would require one or more instructions for the first playback
device and the second playback device to playback audio
information. The Office agreed that Goldberg disclosed this prior
art functionality from the Sonos APA.

12. The first playback
device of claim 11,
wherein the first and
second playback devices
are members of a
synchrony group, and
wherein the program
instructions, when
executed by the one or
more processors, further

Final Office action, page 8§ ("As to claims 23 and 35, Meade in view
of Goldberg teaches causing the first playback device to: before
transmitting the audio information to the second playback device
[before broadcast unit 710 of Goldberg begins broadcasting audio],
veceive, by the first plavback device from the network device,
an_instruction te join a synchromy group that includes the
second plavback device [receiving, by the video device 14 of
Meade from

the mobile computing device 12, user preferences 18 instructing the
video device 14 to play user-selected content simultaneously bv a
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‘357 Patent Meade in view of Goldberg and the Sonoes APA
cause the first playback | group of devices including the video device 14 and audio device 28,
device to: where the user preferences 18 include grouping information of
appliances] {(par. [0059], [0083], [0112] in Meade).”

The Sonos APA includes that it was known that it was desirable to
maintain  synchrony of operations among a plurality of
independently-clocked digital data processing devices in relation to
information that was provided thereto by a common source, that
systems were being developed in which one audio information
source can distribute audio information in digital form to a number
of audio playback devices for playback, that the audic playback
devices were known to be for receiving the digital information and
for converting it to analog form for playback, that it was known that
the audio playback devices could be located in the same room or
distributed in different rooms in a residence such as a house or an
apartment, in ditferent offices in an office building, or the like, and
that in this configuration, the audio information that is distributed
to varicus audio playback devices may relate to the same audio
program, or the information may relate to different audio programs,
which would require the first playback device and the second
playback device to be members of a synchrony group. The Office
agreed that Goldberg disclosed this prior art functionality from the

Sonos APA.
transmit, to the network | Final Office action, page 9 (“As to claims 24 and 36, Meade in view
device, status of Goldberg teaches transmitting, by the first plavback device to
information that the network device, status information that comprises a status
comprises a status of the | of the svachronv group [transmitting status of the cluster
synchrony group. broadcaster area 117 4 to all members of the cluster, the status

information including information about the number of members of
the cluster] (par. [0029], [0187], [0224] in Goldberg).”

The Sonos APA includes that it was known that it was desirable to
maintain synchrony of operations among a plurality of
independently-clocked digital data processing devices in relation to
information that was provided thereto by a common source, that
systems were being developed in which one audio information
source can distribute audio information in digital form to a number
of audio playback devices for playback, that the audio playback
devices were known to be for receiving the digital information and
for converting it to analog form for playback, that it was known that
the audio playback devices could be located in the same room or
distributed in different rooms in a residence such as a house or an
apartment, in different offices in an office building, or the like, and
that in this configuration, the audio information that is distributed
to various audio playback devices may relate to the same audio
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prograru, or the information may relate to different audio prograrus,
which would require the first playback device to transmit, to a
network device, status information that comprises a status of the
synchrony group. The Office agreed that Goldberg disclosed this
prior art functionality from the Sonos APA.

19. The first playback
device of claim 9,
wherein the audio
information source
outside of the LAN 1s an
Internet-accessible audio
information source, and
wherein obtaining, from
the audio information
source outside of the
LAN, the audio
information, comprises
obtaining the audio
information from the
Internet-accessible audio
information source.

Final Office action, page 10 ("As to claim 31, Meade in view of
Goldberg teaches that obtaining, from the audio information source
outside of the LAN, the audio information, comprises gbtaining.
from the audio information source via the Internet, the audig
information {(par. [0042] in Meade; par. [0338], [0350], [0351],
(0357} in Goldberg).”

The Sonos APA includes that it was known that it was desirable to
maintain synchrony of operations among a plurality of
independently-clocked digital data processing devices in relation to
information that was provided thereto by a common source, that
systems were being developed in which one audio information
source can distribute audio information in digital form to a number
of audio playback devices for playback, that the audio playback
devices were known to be for receiving the digital information, such
as from an Internet source, and for converting it to analog form for
playback, that it was known that the audic playback devices could
be located in the same room or distributed in different rooms in a
residence such as a house or an apartment, in different offices in an
office building, or the like, and that in this configuration, the audic
information that is distributed to varicus audio playback devices
may relate to the same audio program, or the information may relate
to different audio programs, which would require obtaining the
audio information from the Internet-accessible audio information
source. The Office agreed that Goldberg disclosed this prior art
functionality from the Sonos APA.

18440601v.1

LINKPLAY EXHIBIT 1004
Page 4395 of 4822




TABLE7
SUBSTANTIAL NEW QUESTION OF PATENTABILITY FOR
CLAIMSS, 10,12 AND 19 BASED ON MEADE IN VIEW OF GOLDBERG, EDENS,
BLANK, SMPTE, RFC 1365, THE HANBBOOK, RTP. RTSP AND SONOS APA UNDER
35 U.5.C. 103(A)

‘337 Patent Meade in view of Goldberg, Edens. Blank, RFC 1305, the
Handbook, RTP, RTSP and the Songs APA
9. A first playback Final rejection dated March 9, 2015 (“Final Rejection”) at page 7
device comprising: {“As to claim 21, Meade in view of Goldberg teaches a_first

plavback device [audio device 28 that is one of the appliances 13;
appliance controller 50 that 1s one of the appliances 13; or any other
appliance 13 depicted at Fig. 2 in Meade; BJ unit 200, broadcast
unit 710 in Goldberg] comprising: a network interface [wireless
communicator 86] (Fig. 4 in Meade) [inter-unit /rx 11 O] (par.
[0096] in Goldberg); and memory comprising program instructions
that, when executed by a processor, cause the playback device to
perform the method steps, as discussed per claim 33, above”
{emphasis added)

The appliances depicted at Fig. 2 in Meade include the PC. A person
of skill in the art would have recognized that the PC of Meade could
include features of PCs disclosed in Edens or Blank, as disclosed in
the corresponding claims charts of this request for the
corresponding element. Likewise, a person of skill in the art would
have recognized that the appliances of Meade or player units of
Goldberg could be used 1n Edens or Blank as playback devices in
those references, and that the teachings of Meade in view of
Goldberg could be used to improve Edens and Blank, either alone
or in combination, to provide synchronous playback of audio
information by multiple playback devices.

one or more processors; a | Final rejection at page 7 (“As to claim 21, Meade in view of
network interface; and Goldberg teaches a first playback device [audio device 28 that is
one of the appliances 13; appliance controller SO that is one of the
appliances 13; or any other appliance 13 depicted at Fig. 2 in
Meade; D3} unit 200, broadcast unit 710 in Goldberg] comprising: a
network interface [wireless communicator §6] (Fig. 4 in Meade)
[inter-unit tx/rx 11 O] (par. [0096] in Goldberg); and memory
comprising programn instructions that, when executed by a
processor, cause the playback device to perform the method steps,
as discussed per claim 33, above.” (emphasis added)

The appliances depicted at Fig. 2 in Meade include the PC. A person
of skill in the art would have recognized that the PC of Meade could
include features of PCs disclosed in Edens or Blank, or the
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processors/network interfaces disclosed in the Handbook, as
disclosed in the corresponding claims charts of this request for the
corresponding element. Likewise, a person of skill in the art would
have recognized that the appliances of Meade or player units of
Goldberg could be used in Edens or Blank as playback devices in
those references, and that the teachings of Meade in view of
Goldberg could be used to improve Edens and Blank, either alone
or in combination, to provide synchronous playback of audio
information by multiple playback devices.

tangible, non-transitory
computer-readable
MEemory comprising
program instructions
that, when executed by
the one or more
processors, cause the first
playback device to:

Final rejection at page 7 ("As to claim 21, Meade in view of
Goldberg teaches a first playback device [audio device 28 that is
one of the appliances 13; appliance controlier 50 that is one of the
appliances 13; or any other appliance 13 depicted at Fig. 2 in
Meade, DJ unit 200, broadcast unit 710 in Goldberg] comprising: a
network interface [wireless communicator 86] (Fig. 4 in Meade)
[inter-unit t/rx 11 OF (par. [0096] in Goldberg);, and memery
comprising program instructions that, when executed by a
processor, cause the playback device fo perform the method
steps, as discussed per claim 33, above.” (emphasis added).

The appliances depicted at Fig. 2 in Meade include the PC. A person
of skill in the art would have recognized that the PC of Meade could
include features of PCs disclosed in Edens or Blank, or the
processors/network interfaces disclosed in the Handbook, as
disclosed in the corresponding claims charts of this request for the
corresponding element. Likewise, a person of skill in the art would
have recognized that the appliances of Meade or player units of
Goldberg could be used 1n Edens or Blank as playback devices in
those references, and that the teachings of Meade in view of
Goldberg could be used to improve Edens and Blank, either alone
or in combination, to provide synchronous playback of audio
information by multiple playback devices.

receive, via the network
interface from a network
device configured to
control the first playback
device and
communicatively
coupled to the first
playback device over a
local area network
{L.AN), control
information comprising
an address identifying a

Final rejection at page 5 (“As to claim 33, Meade teaches a method
comprising: receiving, by a first plavback device {audio device 28
that is one of the appliances 13; appliance controller 50 that is one
of the appliances 13; or any other appliance 13 depicted at Fig. 2]
(Fig. 2; par. [0034], [0039]) from a network device [mobile device
12} configured to control the first plavback device [configured to
apply user preferences 18 at the selected appliances for control of
the selected appliances] (par. [0039]) and_communicatively
coupled to the first plavback device over a lecal area network
{LAM)Y [network communication link 707 (par. [0042], [0047]),
control information comprising (i} one or mere instructions that
cause the first plavback device and a second plavback device |
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network location of
audio information
available at an audio
information source,
wherein the audio
information source is
outside of the LAN; and

[another appliance 13] (Fig. 2) o plavback multimedia
information [mobile device 12 coordinates different media aspects
of the same content or related content to be performed
simultaneously on multiple appliances 13] (par. [0083]-[0084]) and
(i) an_address identifving a location of the multimedia
information available at an audie information seurce [providing
selection of a TV channel identification or radio station
identification as part of user preferences 18 that the user desires to
be output at the selected appliances 13] (par. [0026], [0059]),
wherein the audio information source is cutside of the LAN [TV
and radio broadcast stations are well known in the art as being
external sources outside of any local area networks formed by
devices in proximity].” {emphasis added).

The appliances depicted at Fig. 2 in Meade include the PC. A person
of skill in the art would have recognized that the PC of Meade could
include features of PCs disclosed in Edens or Blank or the
processors/network interfaces disclosed in the Handbook, which
include the ability to obtain audio information from a source outside
of the LAN in response to controls from a network-based controller
or from another PC, as disclosed in the corresponding claims charts
of this request for the corresponding element. Likewise, a person of
skill in the art would have recognized that the appliances of Meade
or player units of Goldberg could be used 1o Edens or Blank as
playback devices in those references, and that the teachings of
Meade in view of Goldberg could be used to improve Edens and
Blank, either alone or in combination, to provide synchronous
playback of audio information by multiple playback devices.

after receiving the
control information, (i)
obtain, via the network
interface from the audic
information source
outside of the LAN, the
audio information;

Final Office action at page & (“in response to receiving the control
information {in response to receiving user preferences 18 at the
controlled appliance] (i) obtaining, by the first plavback device
from the audic information source outside of the LAN, the
audio information [audio device 28 receiving radio {or TV)
broadcast of audio information {i.e. songs) that are preferred by the
user| (par. [00571); and (iii) playing back, by the first playback
device, the audio information (par. [0062]).” {(emphasis added).

The appliances depicted at Fig. 2 in Meade include the PC. A person
of skill in the art would have recognized that the PC of Meade could
include features of PCs disclosed in Edens or Blank, or the
multimedia PCs disclosed in the Handbook, which included the
commonplace functionality of obtaining via the network interface
from the audio information source outside of the LAN, the audio
information, as disclosed in the comresponding claims charts of this
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request for the corresponding element. Likewise, a person of skill
in the art would have recognized that the appliances of Meade or
plaver units of Goldberg could be used in Edens or Blank as
playback devices in those references, and that the teachings of
Meade in view of Goldberg could be used to irmoprove Edens and
Blank, either alone or in combination, to provide synchronous
playback of audio information by multiple playback devices.

(i1) transmit, via the
network interface of the
first playback device to a
second playback device,
the audio information,
playback timing
information associated
with the audio
information, and device
clock information of the
first playback device;
and

Final Office action at pages 6-7 {“Goldberg is directed to a method,
system, and apparatus tor playing an audio signal synchronously on
a first mobile audio player and at least a second mobile audio player
(abstract). In particular, Goldberg teaches a method comprising:
obtaining, by the first playback device [DJ unit 200, broadcast unit
71 O] from the audic information source [distributor], the audio
information [music files] (par. [0338], Fig. 25), wherein the audio
information source is outside of the LAN [distributor is an Internet
device located via Internet] (par. [0350], [0351], [0357})
transmitting, by the first plavback device to a second plavback
device [member unit 100, receive unit 730}, the audio information
[step 1348} (Fig. 25, par. [0339]); and playing back, by the first
playback device, the audio information (par. [0019]). It would have
been obvicus to one or ordinary skill in the art at the time of the
invention to modify the method, the first playback device, and the
program of Meade by having the audio information in the form of a
user-preferred song being played by the at least two appliances in
the group 40 of Meade, such that the radio broadcast of the footbali
game would be played by the TV 14 {(that is known to have audio
output capability) and by the radio 28, in synchrony, in order to
enhance the personal or social experience of the audio being played
{(par. [0101] in Goldberg).”

The appliances depicted at Fig. 2 in Meade include the PC. A person
of skill in the art would have recognized that the PC of Meade could
include features of PCs disclosed in Edens or Blank, or the
multimedia PCs disclosed in the Handbook, which included the
commonplace functionality of using SMTPE or NTP or the Sonos
APA use of NTP or SNTP to transmit the audio information,
playback timing information associated with the audio information,
and device clock information of the first playback device (either
under construction 1, such as a start time, or under construction 2,
such as frame-specific timing), as well as clock time information of
the first playback device (such as for NTP or SNTP timing
synchronization), as disclosed in the corresponding claims charts of
this request for the corresponding element. In addition, SMPTE,
RFC 1305, RTP and RTSP are either incorporated by reference into
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Goldberg, Edens, Blank and the Sonos APA, and would be obvious
to combine with those references in the view of a person of ordinary
skill in the art because those standards were well known and widely
used in the field of networked audio devices to enable synchronous
playback, and as further disclosed in the comresponding claims
charts of this request for the corresponding element. Likewise, a
person of skill in the art would have recognized that the appliances
of Meade or player units of Goldberg could be used in Edens or
Blank as playback devices in those references, and that the
teachings of Meade in view of Goldberg could be used to improve
Edens and Blank, either alone or in combination, to provide
synchronous playback of audio information by multiple playback
devices.

(iii) play back the audic
information in synchrony
with the second playback
device by using the
playback timing
information associated
with the audio
information and the
device clock information
of the first playback
device to play back the
audio information,

Final Office action at pages 6-7 (“Goldberg is directed to a method,
system, and apparatus for playing an audio signal synchronously on
a first mobile audio player and at least a second mohile audio player
{(abstract). In particular, Goldberg teaches a method comprising
obtaining, by the first playback device [DJ unit 200, broadcast unit
71 O] from the audio information source [distributor], the audio
information [music files] (par. [0338], Fig. 25), wherein the audio
information source is outside of the LAN [distributor is an Internet
device located via Internet] (par. [0350], [0351%, [0357]);
transmitting, by the first playback device to a second playback
device [member unit 100, receive unit 730}, the audio information
[step 1348] (Fig. 25, par. [0339]); and plaving back, by the first
plavback device, the audio information (par. [0019]). It would
have been cbvious to one or ordinary skill in the art at the time of
the invention to modify the method, the first playback device, and
the program of Meade by having the audio information in the form
of a user-preferred song being plaved by the at least two appliances
in the group 40 of Meade, such that the radic broadcast of the
football game would be played by the TV 14 (that is known to have
audio output capability) and by the radio 28, in synchrony, in order
to enhance the personal or social experience of the audio being
played (par. [0101] in Goldberg).”

The appliances depicted at Fig. 2 in Meade include the PC. A person
of skill in the art would have recognized that the PC of Meade could
include features of PCs disclosed in Edens or Blank, or the
multimedia PCs disclosed in the Handbook, which included the
commonplace functionality of using SMTPE or NTP or the Sonos
APA use of NTP or SNTP to playback the audio information in
synchrony with ancther playback devices using playback timing
information associated with the audio information, and device clock
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information of the first playback device (either under construction
1, such as a start time, or under construction 2, such as frame-
specific timing), as well as clock time information of the first
playback device (such as for NTP or SNTP timing synchronization),
as disclosed in the corresponding claims charts of this request for
the corresponding element. In addition, SMPTE, RFC 1305, RTP
and RTSP are either incorporated by reference into Goldberg,
Edens, Blank and/or the Sonos APA, or would be obvious to
combine with those references in the view of a person of ordinary
skill in the art because those standards were well known and widely
used in the field of networked audio devices to enable synchronous
playback, and as disclosed in the corresponding claims charts of this
request for the corresponding element. Likewise, a person of skill
in the art would have recognized that the appliances of Meade or
player units of Goldberg could be used in Edens or Blank as
playback devices in those references, and that the teachings of
Meade in view of Goldberg could be used to improve Edens and
Blank, either alone or in combination, to provide synchronous
plavback of audio information by multiple playback devices.

wherein the first and
second playback devices
remain independently
clocked during
synchronous playback of
the audio information.

While Meade and Goldberg do not explicitly disclose “independent
clocks,” the appliances depicted at Fig. 2 in Meade include the PC,
which inherently use multiple different and independent clocks. A
person of skill in the art would have recognized that the PC of
Meade could include features of PCs disclosed in Edens or Blank,
or the multimedia PCs disclosed in the Handbook, which included
the commonplace functionality of using independent clocks during
synchronous playback, as recognized by the Sonos APA, and as
disclosed in the corresponding claims charts of this request for the
corresponding element. Likewise, a person of skill in the art would
have recognized that the appliances of Meade or plaver units of
Goldberg could be used in Edens or Blank as playback devices in
those references, and that the teachings of Meade in view of
Goldberg could be used to improve Edens and Blank, either alone
or in combination, to provide synchronous playback of audio
information by multiple playback devices.

10. The first playback
device of claim 9,
wherein the program
instructions, when
executed by the one or
more processors, further
cause the first playback
device to:

Final Office action, page 8 (“As to claims 22 and 34, Meade in view
of Goldberg teaches that in response to receiving the control
information [application of the user preferences 18 at the controller
appliance 13 in Meade], additionally: generating, by the first
playback device, tming information bgsed on the gzudie
information (par. [0201 ]-[0203}in Goldberg}; and transmitting, by
the first playback device to the second playback device, the timing
information {par. [0201 }-{0203] in Goldberg), and wherein playing
back the audio information comprises playing back the audic
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generate the playback information according to the timing information (par. {0201 }-
timing information [0203] in Goldberg).”)

associated with the audio

information; and The appliances depicted at Fig. 2 in Meade include the PC, which

inherently use program instructions to perform functions as
discussed in regards to claim 9. A person of skill in the art would
have recognized that the PC of Meade could include features of PCs
disclosed in Edens or Blank, or the multimedia PCs disclosed in the
Handbook, which included the commonplace functionality of
instructions  governing the generation of playback timing
information under either construction during synchronous playback,
as recognized by the Sonos APA, and as disclosed in the
corresponding claims charts of this request for the corresponding
element. Likewise, a person of skill in the art would have
recognized that the appliances of Meade or player units of Goldberg
could be used in Hdens or Blank as playback devices in those
references, and that the teachings of Meade in view of Goldberg
could be used to improve Edens and Blank, either alone or in
combination, to provide synchronous playback of audio information
by multiple playback devices.

generate the device clock | The appliances depicted at Fig. 2 in Meade include the PC, which
information of the first inherently use program instructions to perform functions as
playback device. discussed in regards to claim 9. A person of skill in the art would
have recognized that the PC of Meade could include features of PCs
disclosed in Edens or Blank, or the multimedia PCs disclosed in the
Handbook, which included the commonplace functionality of
instructions governing the generation of device clock information,
as tecognized by the Sonos APA, and as disclosed in the
corresponding claims charts of this request for the corresponding
element. Likewise, a person of skill in the art would have
recognized that the appliances of Meade or player units of Goldberg
could be used in Edens or Blank as playback devices in those
references, and that the teachings of Meade in view of Goldberg
could be used to improve Edens and Blank, either alone or in
combination, to provide synchronous playback of audio information
by multiple playback devices.

11. The first playback Final Office action, page 8 {“As to claims 23 and 35, Meade in view
device of claim 9, of Goldberg teaches causing the first playback device to: before
wherein the control transmitting the audio information to the second playback device
information further [before broadcast unit 710 of Goldberg begins broadcasting audio],
COMPrisSes one or more receive, by the first plavback device from the netweork device,

instructions for the first an instruction to ioin a svnchrony group that includes the
playback device and the | second plavback device [receiving, by the video device 14 of
second playback device | Meade from
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to playback audio
information.

the mobile computing device 12, user preferences 18 instructing the
video device 14 to play user-selected content simultaneocusly by a
group of devices including the video device 14 and audio device 28,
where the user preferences 18 include grouping information of
appliances] (par. [0059], [0083], [0112] in Meade).”

The appliances depicted at Fig. 2 in Meade include the PC, which
inherently use program instructions to perform functions as
discussed in regards to claim 9. A person of skill in the art would
have recognized that the PC of Meade could include features of PCs
disclosed in Edens or Blank, or the muliimedia PCs disclosed in the
Handbook, which included the commonplace functionality of
instructions to play back audic, as recognized by the Sonos APA,
and as disclosed in the corresponding claims charts of this request
for the corresponding element. Likewise, a person of skill in the art
would have recognized that the appliances of Meade or player units
of Goldberg could be used in Edens or Blank as playback devices
in those references, and that the teachings of Meade in view of
Goldberg could be used to improve Edens and Blank, either alone
or in combination, to provide synchronous playback of audio
information by multiple playback devices.

12. The first playback
device of claim 11,
wherein the first and
second playback devices
are members of a
synchrony group, and
wherein the program
instructions, when
executed by the one or
more processors, further
cause the first playback
device to:

Final Office action, page 8 (“As to claims 23 and 35, Meade in view
of Goldberg teaches causing the first playback device to: before
transmitting the audio information to the second playback device
[before broadcast unit 710 of Goldberg begins broadcasting audio],
receive, by the first plavback device from the network device,
an_instruction to jeoin_a svnchrony group that includes the
second plavback device [receiving, by the video device 14 of
Meade from

the mobile computing device 12, user preferences 18 instructing the
video device 14 to play user-selected content simultaneously by a
group of devices including the video device 14 and audio device 28,
where the user preferences 18 include grouping information of
appliances] (par. [0059], [0083], [0112] in Meade).”

The appliances depicted at Fig. 2 in Meade include the PC, which
can be used as members of a synchrony group as discussed in
regards to claim 9. A person of skill in the art would have
recognized that the PC of Meade could include features of PCs
disclosed in Edens or Blank, or the multimedia PCs disclosed in the
Handbook, which included the commonplace functionality of
synchronized audio playback, as recognized by the Sonos APA, and
as disclosed in the corresponding claims charts of this request for
the corresponding element. Likewise, a person of skill in the art
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would have recognized that the appliances of Meade or player units
of Goldberg could be used in Edens or Blank as playback devices
in those references, and that the teachings of Meade in view of
Goldberg could be used to improve Edens and Blank, either alone
or in combination, to provide synchronous playback of audio
information by multiple playback devices.

transniit, to the network
device, status
information that
comprises a status of the
synchrony group.

Final Office action, page 9 (“As to claims 24 and 36, Meade in view
of Goldberg teaches transmitting, by the first plavback device to
the network device, status information that comprises a status
of the svnchronv greup [transmitting status of the cluster
broadcaster area 117 4 to all members of the cluster, the status
information including information about the number of members of
the cluster] (par. [0029], [0187], [0224] in Goldberg).”

The appliances depicted at Fig. 2 in Meade include the PC, which
can be used to transmit status information of at least the PC (which
would be a “status of the synchrony group” under the BRI) as well
as other status information of the synchrony group, such as the
current song that is being played, and whether the song is playing,
paused or other status information. A person of skill in the art would
have recognized that the PC of Meade could include features of PCs
disclosed in Edens or Blank, which included the commonplace
functionality of transmitting status information, as recognized by
the Sonos APA, and as disciosed in the corresponding claims charts
of this reguest for the corresponding element. Likewise, a person of
skill in the art would have recognized that the appliances of Meade
or player units of Goldberg could be used in Edens or Blank as
playback devices in those references, and that the teachings of
Meade in view of Goldberg could be used to improve Edens and
Blank, either alone or in combination, to provide synchronous
playback of audic information by multiple playback devices.

19. The first playback
device of claim 9,
wherein the audio
information source
outside of the LAN is an
Internet-accessible audic
information source, and
wherein obtaining, from
the audio information
source outside of the
LAN, the audio
information, comprises
obtaining the audic

Final Office action, page 10 (“As to claim 31, Meade in view of
Goldberg teaches that obtaining, from the audio information source
outside of the LAN, the audio information, comprises gbtaining,
from the audis information source via the Internet, the audie
information (par. [0042] in Meade; par. {0338], {03501, [0351],
0357} in Goldberg).”

The appliances depicted at Fig. 2 in Meade include the PC, which
can be used as members of a synchrony group as discussed in
regards to claim 9. A person of skill in the art would have
recognized that the PC of Meade could include features of PCs
disclosed in Edens or Blank, or the multimedia PCs disclosed in the
Handbook, which included the commonplace functionality of
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information from the obtaining audio information over the Internet, as recognized by the
Internet-accessible audic | Sonos APA, and as disclosed in the corresponding claims charts of
information source. this request for the corresponding element. Likewise, a person of

skill in the art would have recognized that the appliances of Meade
or playver untts of Goldberg could be used in Edens or Blank as
playback devices in those references, and that the teachings of
Meade in view of Goldberg could be used to improve Edens and
Blank, either alone or in combination, to provide synchronous
playback of audio information by multiple playback devices.
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For these reasons, Substantial New Questions of Patentability exist, and claims 9, 10, 12
and 19 of the ‘357 Patent do not satisfy the requirements of Title 35 U.8.C. §101 et seq. A Notice

to this effect is requested.

Date: June 16, 2017 Respectfully submitted,

JACKS WALKER LLP

ATTORNEYS FOR REQUESTORS
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8ed710cdcf401352eed7239b4bde8909270)
Warnings:
Information:
Total Files Size (in bytes){ 1769135

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date
Substitute for Form PTO-875 90/013,959 01/01/2001 | [ o be Mailed
eNTiTY: [X] LARGE []smALL [] MIcRO

APPLICATION AS FILED — PART I

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L Basic Fee N/A N/A N/A
(37 CFR 1.16(a), (b), or ()
[] sSEARCH FEE N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
D EXAMINATION FEE
(37 CFR 1.16(0), (p), or (qQ)) N/A N/A /A
TOTAL CLAIMS . N
(37 CFR 1.16(1)) minus 20 = XS =
INDEPENDENT CLAIMS ) "
(37 CFR 1.16(h) minus 3 = X3 =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
ASF;PCL,L%KISN SIZE FEE for small entity) for each additional 50 sheets or
( 18(s) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
p—
] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
— 06/16/2017 | Arren PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
5 AMENDMENT PAID FOR
g Jotal 7 orR - 20 Minus | + 20 -0 x $80 = 0
Independent " . —
E &7 i 1.16(h) 3 Minus 3 -0 x $420= 0
<§t [ Appiication Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR 1.16()))
TOTAL ADD’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
AMENDMENT PAID FOR
Total (37 cFR . i *x
1 16()) Minus = X$ =
Independent R -
(27?:F;:n1 ?E?(h)) Minus = X $ =

] Application Size Fee (37 CFR 1.16(s))

AMENDMENT

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

TOTAL ADD’L FEE

LIE
VIOLA ROGERS

The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

?his collection of information is required by 37 CF-R 1.16. '?he information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to

process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTQ. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.

Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Patent Assignment Abstract of Title

Total Assignments: 2
Application #: 14516867 Filing Dt: 10/17/2014 Patent #: 9213357 Issue Dt: 12/15/2015
PCT #: NONE Intl Reg #: Publication #: US20150039109 Pub Dt: 02/05/2015
Inventor: Nicholas A.). Millington
Title: Obtaining Content from Remote Source for Playback
Assignment: 1
Reel/Frame: 035518 /0127 Received: 04/28/2015 Recorded: 04/28/2015 Mailed: 04/29/2015 Pages: 3
Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).
Assignor: MILLINGTON, NICHOLAS A.J. Exec Dt: 03/06/2015
Assignee: SONOS, INC.
223 EAST DE LA GUERRA STREET
SANTA BARBARA, CALIFORNIA 93101
Correspondent: MCDONNELL BOEHNEN HULBERT & BERGHOFF LLP
300 SOUTH WACKER DRIVE
CHICAGO, IL 60606
Assignment: 2
Reel/Frame: 038329 /0253 Received: 04/01/2016 Recorded: 04/01/2016 Mailed: 04/21/2016 Pages: 78
Conveyance: SECURITY INTEREST (SEE DOCUMENT FOR DETAILS).
Assignor: SONOS, INC. Exec Dt: 03/30/2016
Assignee: GORDON BROTHERS FINANCE COMPANY
800 BOYLSTON STREET
27TH FLOOR
BOSTON, MASSACHUSETTS 02199
Correspondent: CHOATE HALL & STEWART LLP
2 INTERNATIONAL PLACE
BOSTON, MA 02110

Search Results as of: 06/28/2017 11:45 AM

If you have any comments or questions concerning the data displayed, contact PRD / Assignments at 571-272-3350. v.2.5
Web interface last modified: Aug 20, 2015 v.2.5
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Patent Assignment Abstract of Title

Total Assignments: 2
Application #: 14516867 Filing Dt: 10/17/2014 Patent #: 9213357 Issue Dt: 12/15/2015
PCT #: NONE Intl Reg #: Publication #: US20150039109 Pub Dt: 02/05/2015
Inventor: Nicholas A.). Millington
Title: Obtaining Content from Remote Source for Playback
Assignment: 1
Reel/Frame: 035518 /0127 Received: 04/28/2015 Recorded: 04/28/2015 Mailed: 04/29/2015 Pages: 3
Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).
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Assignee: SONQOS, INC.
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SANTA BARBARA, CALIFORNIA 93101
Correspondent: MCDONNELL BOEHNEN HULBERT & BERGHOFF LLP
300 SOUTH WACKER DRIVE
CHICAGO, IL 60606
Assignment: 2
Reel/Frame: 038329 / 0253 Received: 04/01/2016 Recorded: 04/01/2016 Mailed: 04/21/2016 Pages: 78
Conveyance: SECURITY INTEREST (SEE DOCUMENT FOR DETAILS).
Assignor: SONOS, INC. Exec Dt: 03/30/2016
Assignee: GORDON BROTHERS FINANCE COMPANY
800 BOYLSTON STREET
27TH FLOOR
BOSTON, MASSACHUSETTS 02199
Correspondent: CHOATE HALL & STEWART LLP
2 INTERNATIONAL PLACE
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: Web interface last modified: Aug 20, 2015 v.2.5

LINKPLAY EXHIBIT 1004
Page 4412 of 4822



e — -

Aﬂ o/ w“é._.:._._~___:m.w.__::__:.3_m..___.s.m‘_.r:.b._.:_»,_.:

P.O’BOX'1450 Tl ' T S @
(FOAANDRIA VA2313-1450 © Ty g S £ (==
cgmgghmggm I ”..‘...“ 8T 02 v $ 01.40°
OFFICIAL BUSINESS P T B2o ity wﬂhﬂmﬁw 2 oo g ]
314
Panalty for Private Use, $300 AN EQUAL OPPORTUNITY EMPLOYER
‘l"{‘f‘v - —— - -
- ~=_n~‘=_——_;—_—__“::__::::_:_::-::_—::_—-:—:__m
909€0-SSTSSINYZEZ OS@SPTIETEZZ 08 — -
QUYM¥0t QL 3IT18VYNN
HMONMY LON - J03idW3Lliv
¥3IAN3IS 0L N&niay
.\ll--. - ; Lr/ve/aeaTe I 2C  Tgy IIXIN

Page 4413 of 4822

LINKPLAY EXHIBIT 1004



(2 ervan) |

e
TLAND,

g@ UNITED'STATES PATENT AND TRADEMARK OFFICE
S ®
e

&
S
)
3

HB 3

& .%/ ,‘) Commissioner for Patents
< , 7 United States Patent and Trademark Office
PALES P.0. Box 1450

Alexandria, VA 22313-1450

VW USPTO.QoV

(THIRD PARTY REQUESTER'S CORRESPONDENCE ADDRESS)
?".WEHRISTOPHER J. ROURK

JACKSON WALKER LLP

2323 ROSS AVENUE, SUITE 600

DALLAS, TX 75201

EX PARTE REEXAMINATION COMMUNICATION TRANSMITTAL FORM

REEXAMINATION CONTROL NO. 90/013,959.

PATENT NO. 9,213 357.

ART UNIT 3992.

Enclosed is a copy of the latest communication from the United States Patent and Trademark
Office in the above identified ex parte reexamination proceeding (37 CFR 1.550(f)).

Where this copy is supplied after the reply by requester, 37 CFR 1.535, or the time for filing a
reply has passed, no submission on behalf of the ex parte reexamination requester will be
acknowledged or considered (37 CFR 1.550(g)).

PTOL-465 (Rev.07-04)
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450
Alexandria, Virginia 22313-1450
WWW.uspto.gov

APPLICATION NO. FILING DATE

FIRST NAMED INVENTOR

I ATTORNEY DOCKET NO. CONFIRMATION NO. ]

90/013,959

107361 7590

McDonnell Boehnen Hulbert & Berghoff LLP

Sonos, Inc.
300 South Wacker Drive
Chicago, IL 60606

9213357

131131.00049.005 9548
EXAMINER I
ART UNIT | PAPER NUMBER I
MAIL DATE [ oevivery mopE I
05/25/2017 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)
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Control Number Patent Under Reexamination
90/013,959 - 9,213,357
NOTICE OF FAILURE TO COMPLY WITH EX PARTE
REEXAMINATION REQUEST FILING REQUIREMENTS _ .
(37 CFR 1.510(c)) Examiner Art Unit
3992

Requester’s Name and Address:  Christopher J. Rourk
Jackson Walker LLP
2323 Ross Ave.,Suite 600
Dallas TX 75201

Request Receipt Date: May 22, 2017

The Central Reexamination Unit (CRU) in the United States Patent and Trademark Office (USPTO) has received a request for ex parte
reexamination. The request cannot be processed, because the below-identified filing date requirements for an ex parte reexamination
request have not been satisfied. If a fully compliant response is not received within 30 days of the mailing date of this notice, the request
will be treated as a prior art citation under 37 CFR 1.501 or closed from public view, at the Office’s option. A filing date will NOT be
assigned to the request until the deficiencies noted below are corrected (37 CFR 1.510(d)):

The following items required by 37 CFR 1.510(a) and (b) are missing:

] 1. The ex parte s reexamination filing fee under 37 CFR 1.20(c)(1) - see attached Form PTO-2057.

[ 2. An identification of the patent by its patent number, and of every claim of the patent for which reexamination is requested.

[J 3. A citation of the patents and printed publications that are presented to raise a substantial new question of patentability.

X 4. A statement pointing out each substantial new question of patentability based on the cited patents & printed publications, and a
detailed explanation of the pertinency and manner of applying the patents & printed publications to every claim for which
reexamination is requested.

[] 5. Alegible copy of every patent or printed publication (other than U.S. patents or U.S. patent publications) relied upon or referred to
in (3) and (4) above, accompanied by an English language translation of all the necessary and pertinent parts of any non-English
language document.

[J 6. Alegible copy of the entire patent including the front face, drawings, and specification/claims (in double column format) for which
reexamination is requested, and a legible copy of any disclaimer, certificate of correction, or reexamination certificate issued in
the patent. All copies must have each page plainly written on only one side of a sheet of paper.

[0 7. A certification by the third party requester that a copy of the request has been served in its entirety on the patent owner at the
address provided for in 37 CFR 1.33(c). The name and address of the party served must be indicated. If service was not
possible, a duplicate copy of the request must be supplied to the Office

¥ 8. Other :

Explanation of above item(s): See Attachment.

Any written correspondence in response to this notice must include a submission pursuant to the attached instructions. The instructions
for a detailed explanation for an ex parte reexamination request differ from those for an inter partes reexamination request. Any
written correspondence in response to this notice should be mailed to the Central Reexamination Unit (CRU), ATTN: "Box Ex Parte
Reexam" at the USPTO address indicated at the top of this notice. Any “replacement documents” may be facsimile transmitted to the
CRU at the FAX number indicated below. A REPLACEMENT STATEMENT AND EXPLANATION UNDER 37 CFR 1.510(b)(1) and (2)
MAY NOT BE FACSIMILE TRANSMITTED.

/Patricia Volpe/
Paralegal Specialist, Céntral Reexamination Unit
(571) 6825; FAX No. (571) 273-9900

cc: Patent Owner’s Name and Address: McDonnell Boehnen Hulbert & Berghoff LLP
c/o Sonos, Inc.
300 South Wacker Drive
Chicago IL 60606

U.S. Patent and Trademark Office Part of Paper No. 1
PTO-2077 (11/13)
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INSTRUCTIONS TO NOTICE OF FAILURE TO COMPLY WITH EX PARTE REEXAMINATION REQUEST FILING
REQUIREMENTS (37 CFR 1.510(c))

HOW TO REPLY TO THIS NOTICE

Any written correspondence in response to this notice must include either a replacement document, or, if item #4 is checked and/or it
is otherwise specifically required by the Office, a paper containing a replacement statement and explanation under 37 CFR
1.510(b)(1) and (2) that either replaces the originally-filed statement and explanation or provides a previously missing statement and
explanation. A replacement document either replaces an originally-filed document, or provides a previously missing document, that
contains part(s) of the request other than the statement and explanation as set forth in 37 CFR 1.510(b)(1) and (2). For example, a
replacement to the originally-filed listing of cited patents and printed publications, PTO/SB/08 (formerly designated as PTO-1449) or its
equivalent, is a replacement document.

If a paper containing a replacement statement and explanation, or a replacement document (other than a replacement certificate of
service), is submitted by a third party requester, it must be accompanied by a certification that a copy of the replacement statement
and explanation under 37 CFR 1.510(b)(1) and (2), or that a copy of the replacement document, has been served in its entirety on
the patent owner at the address provided for in 37 CFR 1.33(c). The name and address of the party served must be indicated. If service
was not possible, a duplicate copy of the replacement statement and explanation (or replacement document) must be supplied to the
Office.

REPLACEMENT STATEMENT AND EXPLANATION UNDER 37 CFR 1.510(b)(1) and (2) (ITEM #4 IS CHECKED)

The statement and explanation under 37 CFR 1.510(b)(1) and (2) (see item #4) must discuss EVERY patent or printed publication
cited in the information disclosure statement in at least one proposed rejection or statement identifying a substantial new guestion of
patentability (SNQ), AND in a corresponding detailed explanation (see the below discussion). Furthermore, EVERY claim for which
reexamination is requested must be discussed in at least one proposed rejection or statement identifying an SNQ and in the
corresponding detailed explanation. If item #4 is missing or incomplete, a paper containing a replacement statement and explanation
under 37 CFR 1.510(b)(1) and (2) is required.

A paper containing a replacement statement and explanation under 37 CFR 1.510(b)(1) and (2) may NOT be facsimile transmitted.
It must be received by first class mail or by USPS Express Mail.

If an originally-filed information disclosure statement cites patents or printed publications that are NOT discussed in at least one
proposed rejection or statement identifying an SNQ AND in the corresponding detailed explanation in the originally-filed request, the
requester must file either (a) a replacement document, i.e., a replacement PTO/SB/08 (former PTO-1449) or its equivalent, listing
ONLY those patents and printed publications that are so discussed, or (b) a paper containing a replacement statement and explanation
under 37 CFR 1.510(b)(1) and (2). If the first option is chosen, the replacement PTO/SB/08 or its equivalent should include a cover letter
expressly withdrawing from the request any previously cited references that are being omitted by the replacement PTO/SB/08 or its
equivalent. The requester may, if desired, file both a replacement PTO/SB/08 or its equivalent and a paper containing a replacement
statement and explanation, if the replacement statement and explanation discusses EVERY patent or printed publication, cited in the
replacement PTO/SB/08 or its equivalent, in at least one proposed rejection or statement identifying an SNQ and in the corresponding

- detailed explanation.

Requester is NOT required to, and should not, additionally file a replacement copy of any exhibits, references, etc., or other replacement parts of the request
(i.e., replacement documents) if a defect requiring a replacement document is not specifically identified by this notice.

Examples of When a Replacement Statement and Explanation under 37 CFR 1.510(b)(1) and (2) Is Required:

1. The originally-filed request fails to discuss EVERY patent or printed publication cited in the originally-filed information disclosure
statement in at least one proposed rejection or statement identifying an SNQ and in the corresponding detailed explanation, and the
requester does not wish to file a replacement PTO/SB/08 (formerly designated as PTO-1449) or its equivalent listing ONLY those patents
and printed publications that are so discussed.

2. The originally-filed request discusses every patent or printed publication cited in the information disclosure statement in at least one
proposed rejection or statement identifying an SNQ, but fails to discuss EVERY patent or printed publication cited in the information
disclosure statement in a detailed explanation that corresponds to the proposed rejection or statement identifying an SNQ.

3. The originally-filed request fails to discuss EVERY CLAIM for which reexamination is requested in at least one proposed rejection or
statement identifying an SNQ, and in the corresponding detailed explanation.
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Examples of Proposed Rejections and Statements Identifying a Substantial New Question of Patentabili

Proposed rejections

Claims 1-3 are obvious over reference A in view of reference B.
Claims 4-6 are obvious over reference A in view of references B and C.
Claims 7-10 are obvious over reference Q in view of reference R.

Sfatements identifying a substantial new question of patentability

A substantial new question of patentability as to claims 1-3 is raised by reference A in view of reference B.
A substantial new question of patentability as to claims 4-6 is raised by reference A in view of references B and C.
A substantial new question of patentability as to claims 7-10 is raised by reference Q in view of reference R.

A proposed rejection or statement identifying an SNQ must be repeated with any replacement detailed explanation that
corresponds to the proposed rejection or statement identifying an SNQ, in any paper containing a replacement statement and
explanation under 37 CFR 1.510(b)(1) and (2).

In addition, the reduester should include an explanation of how the SNQ is raised.

1. Assume that claim 1 of the patent recites, as one of the limitations, widget W. Requester would state that the XYZ reference, cited in
the information disclosure statement, contains a teaching of widget W as recited in claim 1, and that this teaching was not present during
the prior examination of the patent under reexamination (i.e., the teaching is “new”). Requester would also state that he believes that a
reasonable examiner would consider this teaching important in determining whether or not the claims are patentable. For this reason,
requester would state that this teaching by the XYZ reference raises a substantial new question of patentability (SNQ) with respect to at
least claim 1 of the patent. Similarly, if dependent claim 6 adds widget H, the requester would state that the ABC reference, cited in the
information disclosure statement, contains a teaching of widget H as recited in claim 6, that this teaching was not present during the prior
concluded examination of the patent, that a reasonable examiner would consider this teaching important in determining whether or not the
claims are patentable, and that this teaching raises an SNQ with respect to dependent claim 6 of the patent.

2. Assume that claim 1 of the patent recites, as one of its limitations, limitation W. Assume either that reference XYZ was applied in a
rejection during the prior examination of the patent, or that the teachings of reference XYZ are purely cumulative to a reference cited in a
rejection during the prior examination of the patent. Assume further that reference ABC teaches that limitation W would have been either
inherent given the teachings of reference XYZ, or would have been obvious in view of the combination of XYZ and ABC. Reference ABC
was cited in an information disclosure statement but was never discussed or applied in a rejection in combination with the XYZ reference
during the prior examination of the patent under reexamination. Requester would state that reference XYZ was present during the prior
examination of the patent under reexamination because it was applied in a rejection during the prosecution of the patent, and that
reference ABC was cited in an information disclosure statement but never applied in a rejection (or never discussed), in combination with
the XYZ reference during the prior examination of the patent under reexamination Requester would then state (1) that the combination
of the XYZ reference and the ABC reference, both of which are cited in the information disclosure statement, contains a teaching of
limitation W as recited in claim 1, (2) that this teaching provided by the combination of the XYZ and ABC references was not present
during the prior examination of the patent under reexamination, (3) that a reasonable examiner would consider this teaching important in
determining whether or not the claims are patentable, and (4) that this teaching raises an SNQ with respect to claim 1 of the patent.

Example of a Detailed Explanation

Assume, for example, that a requester believes that the XYZ reference, alone, anticipates claims 1-5. The requester would expressly
propose a rejection of claims 1-5 under 35 USC 102(b) as being anticipated by the XYZ reference. In a claim chart, the requester would
then show how each limitation of claims 1-5 is anticipated by the XYZ reference. If the requester believes that the XYZ reference, in view
of the ABC reference, renders obvious claims 6-10, the requester would expressly propose a rejection of claims 6-10 under 35 USC 103 as
being obvious over the XYZ reference in view of the ABC reference. In a claim chart, the requester would then show which limitations of
claims 6-10 are taught by the XYZ reference, and which limitations of claims 6-10 are taught by the ABC reference. The requester should
quote each pertinent teaching in the prior art reference, referencing each quote by page, column and line number, and any relevant figure
numbers.

A patent owner, when filing a request for reexamination in an ex parte reexamination proceeding, may satisfy the requirement under 37
CFR 1.510(b) for supplying a detailed explanation by comparing, limitation-by-limitation, the claim(s) under reexamination with the
teachings of each reference cited in the information disclosure statement and in the statement pointing out an SNQ.  Each limitation of the
claim(s) must be separately discussed. For each claim limitation, the patent owner must do one of the following: (a) show how at least one
reference teaches or suggests the limitation, (b) admit that the limitation is “old”, or (c) state that the limitation is believed to be missing from
the reference. In a claim chart, the patent owner should quote each pertinent teaching in the prior art reference,

referencing each quote by page, column and line number, and any relevant figure numbers. Proposed applications of the cited references
and/or proposed combinations of the cited references should separately identified. The patent owner is not required to
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expressly propose a rejection of the claim(s) or provide a statement of why the claim(s) under reexamination would have been obvious
over a proposed reference combination.

REPLACEMENT DOCUMENTS

If the originally-filed PTO/SB/08 (former PTO-1449) or its equivalent lists patents or printed publications that are NOT discussed in
at least one proposed rejection or statement identifying an SNQ AND in the corresponding detailed explanation in the originally-filed
request, the requester may file a paper containing a replacement PTO/SB/08 (former PTO-1448) or its equivalent listing ONLY those
patents and printed publications that are so discussed. The replacement PTO/SB/08 or its equivalent should include a cover letter
expressly withdrawing from the request any formerly cited references that are now being omitted by the replacement PTO/SB/O8 orits
equivalent. Similarly, if any patent or printed publication discussed in at least one proposed rejection or statement identifying an SNQ
AND in the corresponding detailed explanation in the originally-filed request is not listed

in the originally-filed PTO/SB/08 (former PTO-1449) or its equivalent, the requester must file a replacement PTO/SB/08 (former PTO-
1449) or its equivalent listing all of the patents and printed publications, including the previously omitted reference(s), and provide copies of
the missing references if copies were not provided with the originally-filed request

If a copy of a patent, printed publication, or an English-language translation of a patent or printed publication, that is cited in the PTO/SB/08 (former PTO-
1449) or its equivalent, is illegible, missing, or incomplete (i.e., it does not contain all of the pages indicated in the PTO/SB/08 (former PTO-1449) or its
equivalent), a replacement copy of the patent or printed publication is required.

If a copy of any disclaimer, certificate of correction, or reexamination certificate issued in the patent, or a copy of the entire patent for which reexamination is
requested as described in item #8, is missing, or if the copy that was received by the Office was illegible or incomplete, a replacement document (i.e., a
replacement copy of the disclaimer, certificate of correction, reexamination certificate, or entire patent under reexamination as described in item #6) is
required.

If the requester fails to correctly identify the patent number or the claims for which reexamination is requested on the transmittal form for
the request (PTO/SB/57, or an equivalent) as described in item #2, and the patent number and the claims for which reexamination is
requested are correctly identified in the originally-filed request, a replacement transmittal form is required.

If a certificate of service on the patent owner, as described in item #7, is missing, or if the certificate of service received by the Office is
inaccurate or incomplete, a replacement certificate of service is required.

Replacement documents may be facsimile transmitted. A paper containing a replacement statement and explanation may NOT be
facsimile transmitted.

LINKPLAY EXHIBIT 1004
Page 4419 of 4822



ATTACHMENT TO PTOL 2077

Control Number: 90/013,959
Patent Number: 9,213,357
Request Receipt Date: May 22, 2017

The request for Ex Parte Reexamination of U.S. Patent 9,213,357, filed on May 22, 2017
does not comply with the filing requirements of ex parte reexamination proceedings
under 37 CFR 1.510(b)(1)(2).

Reexamination was requested for U.S. Patent No. 9,213,357 (in this instance claims

9, 10, 12 and 19 are requested). The request does not provide a “statement pointing out
each substantial new question of patentability based on the prior patents and printed
publications” for each cited document, as is required by 37 CFR 1.510(b) (1).

The request is incomplete as to compliance with 37 CFR 1.510(b) (1) for the
following reason:

The request has failed to provide the requisite identification and explanation, in
compliance with 37 CFR 1.510(b) (1), of what substantial new questions of patentability
(SNQs) are being raised by the cited prior art documents under 37 CFR 1.510(b).

In other words, the request fails to clearly point out and explain how each asserted SNQ
is substantially different from those raised in the previous examination of the patent
before the Office. It is not sufficient to merely state that the references were not of record
in the prior prosecution of the ‘357 patent. Also, as pointed out in MPEP 2216, “[i]t is
not sufficient that a request for reexamination merely proposes one or more rejections of
a patent claim or claims as a basis for reexamination. It must first be demonstrated that a
patent or printed publication that is relied upon in a proposed rejection presents a new,
non-cumulative technological teaching that was not previously considered and
discussed on the record during the prosecution of the application that resulted in the
patent for which reexamination is requested, and during prosecution of any other prior
proceeding involving the patent for which reexamination is requested.” [Emphasis added]

The request is incomplete as to compliance with 37 CFR 1.510(b) (2) for the
following reason:

The request does not provide a “detailed explanation of the pertinency and manner of
applying the cited prior art to every claim for which reexamination is requested,” as is
required by 37 CFR 1.510(b) (2).

Requester is proposing to combine 13 prior art references which will result in a very large
number of permutations.
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Specifically, the request is not clear as to the proposed rejections that are being set forth,
because it fails to provide a clear explanation of the proposed rejections due to the
lumping together of multiple proposed rejections.

For one example, at page 3 of the request it is stated:

6. Claims 9, 10, 12 and 19 are invalid under 35 U.S.C. 103(a) over Meade,
Goldberg, Blank, Gray, SMPTE, RFC 1305, Microsoft File Sharing, pcAnywhere, the
Handbook, the Sonos APA, Nutshell, RTSP and/or RTP.

Since the request relies upon grounds, which would suggest multiple combinations of
references, and there is no analysis as to how a substantial new question is raised for each
of the proposed rejections, there is no explanation as to the pertinency and manner of
applying the cited prior art to each claim identified in the request.

See MPEP 2217, which states:

The explanation must not lump together the proposed rejections or proposed
combinations of references.

Examples of inappropriate language:

- Claim 1 is unpatentable under 35 U.S.C. 103 as being obvious over
Smith and/or Charles.

- Claim 2 is unpatentable under 35 U.S.C. 103 as being obvious over
Smith in view of Jones or Harvey. (This could however be used if both
Jones and Harvey provide a minor teaching which can be articulated in a
sentence or two.)

- Claims 3 - 10 are unpatentable under 35 U.S.C. 103 as being obvious
over Smith in view of either Jones and Cooper or Harvey and Cooper.

Examples of appropriate language:

- Claim 1 is unpatentable under 35 U.S.C. 103 as being obvious over
Smith.

- Claim 1 is unpatentable under 35 U.S.C. 103 as being obvious over
Charles.

- Claim 2 is unpatentable under 35 U.S.C. 103 as being obvious over
Smith in view of Jones.

- Claim 2 is unpatentable under 35 U.S.C. 103 as being obvious over
Smith in view of Harvey.

- Claims 3 - 10 are unpatentable under 35 U.S.C. 103 as being obvious
over Smith in view of Jones, and further in view of Cooper.

- Claims 3 - 10 are unpatentable under 35 U.S.C. 103 as being obvious over
Smith in view of Harvey, and further in view of Cooper.
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If the requester were permitted to omit an explanation of how such documents cited in the

request are applied to the patent claims, an undue burden would be placed on the Office

to address each document in the determination on the request, without an explanation of

the relevance to the patent claims. Accordingly, such an omission is prohibited by law.
REQUESTER’S RECOURSE

Requester has the option to respond to this identification of defects in the request papers
by applying the appropriate option(s) set forth below:

Providing an explanation of the manner and pertinence of applying each cited document
to the patent claims for which reexamination is requested, as required by 37 CFR
1.510(b)(2). Every limitation in each patent claim for which reexamination is requested
must be addressed. Where references are applied in combination, each combination must
be individually identified, and the basis for forming each combination of references must
be supplied.

Serving the corrected request (including all supporting documents such as the listing of
references, copies of the references, appendices, etc.) on the patent owner at the current
correspondence address under 37 CFR 1.33(a) in the patent record at the time the
corrected request was filed, or alternatively, if such service cannot be made, providing an
explanation of the efforts taken to provide service and why those efforts were not
successful, and a second copy of the request papers.

For any document for which no explanation is to be provided for any of the patent claims,
explicitly withdrawing the reference from the request and replacing the presently
submitted listing of documents with a new listing confined to the documents for which a
discussion required and 1449 would be expressly withdrawn by requester, and replaced
with a newly provided form or forms.

In order to obtain a filing date for the request papers, the requester must, within thirty
(30) days of the mailing date of this decision, file a response to this decision which makes
the request papers filing date complaint. A request for ex parte reexamination must now
meet all the applicable statutory and regulatory requirements before a filing date is
accorded to the request. See MPEP 2227 Part B.1 and MPEP 2217, Part 1. See also
Clarification of Filing Date Requirements for Ex Parte and Inter Partes Reexamination
Proceedings, 71 Fed. Reg. 44219 (August 4, 2006), 1309 Off Gaz. Pat. Office 216
(August 29, 2006) (Final Rule).
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Failure to submit a proper response to this Notice may result in the termination of
the request, with no filing date accorded.

All correspondence related to this ex parte reexamination proceeding should be directed:

By EFS: Registered users may submit via the electronic filing system EFS-Web.
https:/ /efs.uspto.gov/efile/ myportal/ efs-registered

By Mail to:  Mail Stop Ex Parte Reexam
Central Reexamination Unit
Commissioner for Patents
United States Patent & Trademark Office
P.O. Box 1450
Alexandria, VA 22313-1450
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UNITED STATES PATENT AND TRADEMARK QFFICE L

UNITED STATES DEPARTMENT OF COMMERCE
. United States Patent and Trademark Office
: Address: COMMISSIONER FOR PATENTS
. P.0. Box 1450
Alcxandria, Virginia 22313-1450
WWW.USPLo.gov

[ APPLICATION NO. | FILING DATE J FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. I CONFIRMATION NO. I
90/013,959 v 9213357 131131.00049.005 9548
107361 7590 05/25/2017 ’
) EXAMINER
McDonnell Boehnen Hulbert & Berghoff LLP I I
Sonos, Inc. ~
300 South Wacker Drive
Chicago, IL 60606 | ART UNIT | papernumBEr |
- : I MAIL DATE l DELIVERY MODE - I
05/25/2017 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)
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Commissioner for Patents
United States Patent and Trademark Office
P.0. Box 1450

Alexandria, VA 22313-1450
| VW USPTO.gov

DO NOT USE IN PALM PRINTER
(THIRD PARTY REQUESTER'S CORRESPONDENCE ADDRESS)
CHRISTOPHER J. ROURK
JACKSON WALKER LLP
2323 ROSS AVENUE, SUITE 600

DALLAS, TX 75201

EX PARTE REEXAMINATION COMMUNICATION TRANSMITTAL FORM

REEXAMINATION CONTROL NO. 90/013,959.

PATENT NO. 9,213, 357.

ART UNIT 3992.

Enclosed is a copy of the latest communication from the United States Patent and Trademark
Office in the above identified ex parte reexamination proceeding (37 CFR 1.550(f)).

Where this copy is supplied after the reply by requester, 37 CFR 1.535, or the time for filing a
reply has passed, no submission on behalf of the ex parte reexamination requester will be
acknowledged or considered (37 CFR 1.550(g)).

PTOL-465 (Rev.07-04)
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Control Number Patent Under Reexamination
90/013,959 ,
NOTICE OF FAILURE TO COMPLY WITH EX PARTE 0 9,213,357
REEXAMINATION REQUEST FILING REQUIREMENTS _ _
(37 CFR 1.510(c)) Examiner Art Unit
3992
7

Requester’s Name and Address:  Christopher J. Rourk
Jackson Walker LLP
. 2323 Ross Ave.,Suite 600
Dallas TX 75201

Request Receipt Date: May 22, 2017 (

The Central Reexamination Unit (CRU) in the United States Patent and Trademark Office (USPTO) has received a request for ex parte
reexamination. The request cannot be processed, because the below-identified filing date requirements for an ex parte reexamination
request have not been satisfied. If a fully compliant response is not received within 30 days of the mailing date of this notice, the request
will be treated as a prior art citation under 37 CFR 1.501 or closed from public view, at the Office’s option. A filing date will NOT be
assigned to the request until the deficiencies noted below are corrected (37 CFR 1.510(d)):

The following items required by 37 CFR 1.510(a) and (b) are missing:

[J 1. The ex parte s reexamination filing fee under 37 CFR 1.20(c)(1) — see attached Form PTO-2057.

[ 2. An identification of the patent by its patent number, and of every claim of the patent for which reexamination is requested.

[ 3. A citation of the patents and printed publications that are presented to raise a substantial new question of patentability.

X 4. A statement pointing out each substantial new question of patentability based on the cited patents & printed publications, and a
detailed explanation of the pertinency and manner of applying the patents & printed publications to every claim for which
reexamination is requested.

[ 5. A legible copy of every patent or printed publication (other than U.S. patents or U.S. patent publications) relied upon or referred to
in (3) and (4) above, accompanied by an English language translation of all the necessary and pertinent parts of any non-English
language document.

[J 6. A legible copy of the entire patent including the front face, drawings, and specification/claims (in double column format) for which
reexamination is requested, and a legible copy of any disclaimer, certificate of correction, or reexamination certificate issued in
the patent. Ali copies must have each page plainly written on only one side of a sheet of paper.

[0 7. A certification by the third party requester that a copy of the request has been served in its entirety on the patent owner at the
address provided for in 37 CFR 1.33(c). The name and address of the party served must be indicated. If service was not
poeeiblo, a duplicato copy of the requeat must be supplied tu llie Offive

[X 8. Other :

Explanation of above item(s): See Attachment.

Any written correspondence in response to this notice must include a submission pursuant to the attached instructions. The instructions
for a detailed explanation for an ex parte reexamination request differ from those for an inter partes reexamination request. Any
written correspondence in response to this notice should be mailed to the Central Reexamination Unit (CRU), ATTN: "Box Ex Parte
Reexam" at the USPTO address indicated at the top of this notice. Any “replacement documents” may be facsimile transmitted to the
CRU at the FAX number indicated below. A REPLACEMENT STATEMENT AND EXPLANATION UNDER 37 CFR 1.510(b)(1) and (2)
MAY NOT BE FACSIMILE TRANSMITTED.

[Patricia Volpe/
Paralegal Specialist, Central Reexamination Unit
(571) 6825; FAX No. (571) 273-9800

cc: Patent Owner’s Name and Address: McDonnell Boehnen Hulbert & Berghoff LLP
c/o Sonos, Inc.
300 South Wacker Drive’
Chicago IL 60606

U.S. Patent and Trademark Office - Part of Paper No. 1
PTO-2077 (11113) .
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INSTRUCTIONS TO NOTICE OF FAILURE TO COMPLY WITH EX PARTE REEXAMINATION REQUEST FILING
REQUIREMENTS (37 CFR 1.510(c))

HOW TO REPLY TO THIS NOTICE

Any written correspondence in response to this notice must include either a replacement document, or, if item #4 is checked and/or it
is otherwise specifically required by the Office, a paper containing a replacement statement and explanation under 37 CFR
1.510(b)(1) and (2) that either replaces the originally-filed statement and explanation or provides a previously missing statement and
explanation. A replacement document either replaces an originally-filed document, or provides a previously missing document, that
contains part(s) of the request other than the statement and explanation as set forth in 37 CFR 1.510(b)(1) and (2). For example, a
replacement to the originally-filed listing of cited patents and printed publications, PTO/SB/08 (formerly designated as PTO-1449) or its
equivalent, is a replacement document. .

If a paper containing a replacement statement and explanation, or a replacement document (other than a replacement certificate of
service), is submitted by a third party requester, it must be accompanied by a certification that a copy of the replacement statement
and explanation under 37 CFR 1.510(b)(1) and (2), or that a copy of the replacement document, has been served in its entirety on
the patent owner at the address provided for in 37 CFR 1.33(c). The name and address of the party served must be indicated. If service
was not possible, a duplicate copy of the replacement statement and explanation (or replacement document) must be supplied to the
Office.

REPLACEMENT STATEMENT AND EXPLANATION UNDER 37 CFR 1.510(b)(1) and (2) (ITEM #4 IS CHECKED)

The statement and explanation under 37 CFR 1.510(b)(1) and (2) (see item #4) must discuss EVERY patent or printed publication
cited in the information disclosure statement in at least one propused rejection or statement Identfying a substantial new question of
patentability (SNQ), AND in a corresponding detailed explanation (see the below discussion). Furthermore, EVERY claim for which
reexamination is requested must be discussed in at least one proposed rejection or statement identifying an SNQ and in the
corresponding detailed explanation. |f item #4 is missing or incomplete, a paper containing a replacement statement and explanation
under 37 CFR 1.510(b)(1) and (2) is required.

A paper contalning a replacement statement and explanation under 37 CFR 1.510(b)(1) and (2) may NOT be facsimile transmitted.
It must be received by first class mail or by USPS Express Mail.

If an originally-filed information disclosure statement cites patents or printed publications that are NOT discussed in at least one
proposed rejection or statement identifying an SNQ AND in the corresponding detailed explanation in the originally-filed request, the
requester must file either (a) a replacement document, i.e., a replacement PTO/SB/08 (former PTO-1449) or its equivalent, listing
ONLY those patents and printed publications that are so discussed, or (b) a paper containing a replacement statement and explanation
under 37 CFR 1.510(b)(1) and (2). If the first option is chosen, the replacement PTO/SB/08 or its equivalent should include a cover letter
expressly withdrawing from the request any previously cited references that are being omitted by the replacement PTO/SB/08 or its
equivalent, The requester may, if desired, file both a replacement PTO/SB/08 or its equivalent and a paper containing a replacement
statement and explanation, if the replacement statement and explanation discusses EVERY patent or printed publication, cited in the
replacement PTO/SB/08 or its equivalent, in at least one proposed rejection or statement identifying an SNQ and in the corresponding
detailed explanation.

Requester is NOT required to, and should not, additionally file a replacement copy of any exhibits, references, etc., or other replacement parts of the request
(i.e., replacement documents) if a defect requiring a replacement document is not specifically identified by this notice.

examples of When a Replacement Statement and Explanation under 37 CFR 1.510(b)(1) and (2) Is Required:

1. The originally-filed request fails to discuss EVERY patent or printed publication cited in the originally-filed information disclosure
statement in at least one proposed rejection or statement identifying an SNQ and in the corresponding detailed explanation, and the
requester does not wish to file a replacement PTO/SB/08 (formerly designated as PTO-1449) or its equivalent listing ONLY those patents
and printed publications that are so discussed.

2. The originally-filed request discusses every patent or printed publication cited in the information disclosure statement in at least one
proposed rejection or statement identifying an SNQ, but fails to discuss EVERY patent or printed publication cited in the information
disclosure statement in a detailed explanation that corresponds to the proposed rejection or statement identifying an SNQ.

3. The originally-filed request fails to discuss EVERY CLAIM for which reexamination is requested in at least one proposed rejection or
statement identifying an SNQ, and in the corresponding detailed explanation.
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Examples of Proposed Rejections and Statements Identifying a Substantial New Question of Patentability (SNOQ)

Proposed rejections

Claims 1-3 are obvious over reference A in view of reference B.
Claims 4-6 are obvious over reference A in view of references B and C.
Claims 7-10 are obvious over reference Q in view of reference R.

Statements identifying a substantial new question of patentabili

A substantial new question of patentability as to claims 1-3 is raised by reference A in view of reference B.
A substantial new question of patentability as to claims 4-6 is raised by reference A in view of references B and C.
A substantial new question of patentability as to claims 7-10 is raised by reference Q in view of reference R.

A proposed rejection or statement identifying an SNQ must be repeated with any replacement detailed explanation that
corresponds to the proposed rejection or statement identifying an SNQ, in any paper containing a replacement statement and
explanation under 37 CFR 1.510(b)(1) and (2).

In addition, the requester should include an explanation of how the SNQ is raised.

1. Assume that claim 1 of the patent recites, as one of the limitations, widget W. Requester would state that the XYZ reference, cited in
the information disclosure statement, contains a teaching of widget W as recited in claim 1, and that this teaching was not present during
the prior examination of the patent under reexamination (i.e., the teaching is “new”). Requester would also state that he believes that a
reasonable examiner would consider this teaching important in determining whether or not the claims are patentable. For this reason,
requester would state that this teaching by the XYZ reference raises a substantial new question of patentability (SNQ) with respect to at
least claim 1 of the patent. Similarly, if dependent claim 6 adds widget H, the requester would state that the ABC reference, cited in the
information disclosure statement, contains a teaching of widget H as recited in claim 6, that this teaching was not present during the prior
concluded examination of the patent, that a reasonable examiner would consider this teaching important in determining whether or not the
claims are patentable, and that this teaching raises an SNQ with respect to dependent claim 6 of the patent.

2. Assume that claim 1 of the patent recites, as one of its limitations, limitation W. Assume either that reference XYZ was applied in a
rejection during the prior examination of the patent, or that the teachings of reference XYZ are purely cumulative to a reference cited in a
rejection during the prior examination of the patent. Assume further that reference ABC teaches that limitation W would have been either
inherent given the teachings of reference XYZ, or would have been obvious in view of the combination of XYZ and ABC. Reference ABC
was cited in an information disclosure statement but was never discussed or applied in a rejection in combination with the XYZ reference
during the prior examination of the patent under reexamination. Requester would state that reference XYZ was present during the prior
examination of the patent under reexamination because it was applied in a rejection during the prosecution of the patent, and that
reference ABC was cited in an information disclosure statement but never applied in a rejection (or never discussed), in combination with
the XYZ reference during the prior examination of the patent under reexamination Requester would then state (1) that the combination
of the XYZ reference and the ABC reference, both of which are cited in the information disclosure statement, contains a teaching of
limitation W as recited in claim 1, (2) that this teaching provided by the combination of the XYZ and ABC references was not present
during the prior examination of the patent under reexamination, (3) that a reasonable examiner would consider this teaching important in
determining whether or not the claims are patentable, and (4) that this teaching raises an SNQ with respect to claim 1 of the patent.

Rxamplg of a Detailed Explanation

Assume, for example, that a requester believes that the XYZ reference, alone, anticipates claims 1-5. The requester would expressly
propose a rejection of claims 1-5 under 35 USC 102(b) as being anticipated by the XYZ reference. In a claim chart, the requester would
then show how each limitation of claims 1-5 is anticipated by the XYZ reference. If the requester believes that the XYZ reference, in view
of the ABC reference, renders obvious claims 6-10, the requester would expressly propose a rejection of claims 6-10 under 35 USC 103 as
being obvious over the XYZ reference in view of the ABC reference. In a claim chart, the requester would then show which limitations of
claims 6-10 are taught by the XYZ reference, and which limitations of claims 6-10 are taught by the ABC reference. The requester should
quote each pertinent teaching in the prior art reference, referencing each quote by page, column and line number, and any relevant figure
numbers.

A patent owner, when filing a request for reexamination in an ex parte reexamination proceeding, may satisfy the requirement under 37
CFR 1.510(b) for supplying a detailed explanation by comparing, limitation-by-limitation, the claim(s) under reexamination with the
teachings of each reference cited in the information disclosure statement and in the statement pointing out an SNQ. Each limitation of the
claim(s) must be separately discussed. For each claim limitation, the patent owner must do one of the following: (a) show how at least one
reference teaches or suggests the limitation, (b) admit that the limitation is “old”, or (c) state that the limitation is believed to be missing from
the reference. In a claim chart, the patent owner should quote each pertinent teaching in the prior art reference,

referencing each quote by page, column and line number, and any relevant figure numbers. Proposed applications of the cited references
and/or proposed combinations of the cited references should separately identified. The patent owner is not required to
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expressly propose a rejection of the claim(s) or provide a statement of why the claim(s) under reexamination would have been obvious
over a proposed reference combination.

REPLACEMENT DOCUMENTS

If the originally-filed PTO/SB/08 (former PTO-1449) or its equivalent lists patents or printed publications that are NOT discussed in
at least one proposed rejection or statement identifying an SNQ AND in the corresponding detailed explanation in the originally-filed
request, the requester may file a paper containing a replacement PTO/SB/08 (former PTO-1449) or its equivalent listing ONLY those
patents and printed publications that are so discussed. The replacement PTO/SB/08 or its equivalent should include a cover letter
expressly withdrawing from the request any formerly cited references that are now being omitted by the replacement PTO/SB/08 or its
equivalent. Similarly, if any patent or printed publication discussed in at least one proposed rejection or statement identifying an SNQ
AND in the corresponding detailed explanation in the originally-filed request is not listed

in the originally-filed PTO/SB/08 (former PTO-1449) or its equivalent, the requester must file a replacement PTO/SB/08 (former PTO-
:1449) or its equivalent listing all of the patents and printed publications, including the previously omitted reference(s), and provide copies of
the missing references if copies were not provided with the originally-filed request .
If a copy of a patent, printed publication, or an English-language translation of a patent or printed publication, that is cited in the PTO/SB/08 (former PTO-
1449) or its equivalent, is illegible, missing, or incomplete (i.e., it does not contain all of the pages indicated in the PTO/SB/08 (former PTO-1449) or its
equivalent), a replacement copy of the patent or printed publication is required.

If a copy of any disclaimer, certificate of correction, or reexamination certificate issued in the patent, or a copy of the entire patent for which reexamination is
requested as described in item #6, is missing, or if the copy that was received by the Office was illegible or incomplete, a replacement document (i.e., a
replacement copy of the disclaimer, certificate of correction, reexamination certificate, or entire patent under reexamination as described in item #6) is
required.

If the requester fails to correctly identify the patent number or the claims for which reexamination is requested on the transmittal form for
the request (PTO/SB/57, or an equivalent) as described in itern #2, and the patent number and the claims for which reexamination is
requested are correctly identified in the originally-filed request, a replacement transmittal form is required.

If a certificate of service on the patent owner, as described in item #7, is missing, or if the certificate of service received by the Office is
inaccurate or incomplete, a replacement certificate of service is required.

Replacement documents may be facsimile transmitted. A paper containing a replacement statement and explanation may NOT be
facsimile transmitted.
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ATTACHMENT TO PTOL 2077

Control Number: 90/013,959
Patent Number: 9,213,357
Request Receipt Date: May 22,2017

The request for Ex Parte Reexamination 'of U.S. Patent 9,213,357, filed on May 22, 2017
does not comply with the filing requirements of ex parte reexamination proceedings
under 37 CFR 1.510(b)(1)(2).

Reexamination was requested for U.S. Patent No. 9,213,357 (in this instance claims

9, 10, 12 and 19 are requested). The request does not provide a “statement pointing out
- each substantial new question of patentability based on the prior patents and printed
publications” for each cited document, as is required by 37 CFR 1.510(b) (1).

The request is incomplete as to compliance with 37 CFR 1.510(b) (1) for the
following reason:

The request has failed to provide the requisite identification and explanation, in
compliance with 37 CFR 1.510(b) (1), of what substantial new questions of patentability
(SNQs) are being raised by the cited prior art documents under 37 CFR 1.510(b).

In other words, the request fails to clearly point out and explain how each asserted SNQ
is substantially different from those raised in the previous examination of the patent
before the Office. It is not sufficient to merely state that the references were not of record
in the prior prosecution of the ‘357 patent. Also, as pointed out in MPEP 2216, “[i]t is
not sufficient that a request for reexamination merely proposes one or more rejections of
a patent claim or claims as a basis for reexamination. It must first be demonstrated that a ,
patent or printed publication that is relied upon in a proposed rejection presents a new,
non-cumulative technological teaching that was not previously considered and
discussed on the record during the prosecution of the application that resulted in the
patent for which reexamination is requested, and during prosecution of any other prior
proceeding involving the patent for which reexamination is requested.” [Emphasis added]

The request is incomplete as to compliance with 37 CFR 1.510(b) (2) for the
following reason:

The request does not provide a “detailed explanation of the pertinency and manner of
applying the cited prior art to every claim for which reexamination is requested,” as is
required by 37 CFR 1.510(b) (2). _ :

Requester is proposing to combine 13 prior art references which will result in a very large
number of permutations.
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Specifically, the request is not clear as to the proposed rejections that are being set forth,
because it fails to provide a clear explanation of the proposed rejections due to the
lumping together of multiple proposed rejections.

For one example, at page 3 of the request it is stated:

6. Claims 9, 10, 12 and 19 are invalid under 35 U.S.C. 103(a) over Meade,
Goldberg, Blank, Gray, SMPTE, RFC 1305, Microsoft File Sharing, pcAnywhere, the
Handbook, the Sonos APA, Nutshell, RTSP and/or RTP.

Since the request relies upon grounds, which would suggest multiple combinations of
references, and there is no analysis as to how a substantial new question is raised for each
of the proposed rejections, there is no explanation as to the pertinency and manner of
applying the cited prior art to each claim identified in the request.

See MPEP 2217, which states:

The explanation must not lump together the proposed rejections or proposed
combinations of references.

Examples of inappropriate language:

- Claim 1 is unpatentable under 35 U.S.C. 103 as being obvious over
Smith and/or Charles.

- Claim 2 is unpatentable under 35 U.S.C. 103 as being obvious over
Smith in view ot Jones or Harvey. (This could however be used if both
Jones and Harvey provide a minor teaching which can be articulated in a
sentence or two.)

- Claims 3 - 10 are unpatentable under 35 U.S.C. 103 as being obvious
over Smith in view of cither Jones and Cooper vr Harvey and Cooper.

Examples of appropriate language:

- Claim 1 is unpatentable under 35 U.S.C. 103 as being obvious over
Smith.

- Claim 1 is unpatentable under 35 U.S.C. 103 as being obvious over
Charles.

- Claim 2 is unpatentable under 35 U.S.C. 103 as being obvious over
Smith in view of Jones.

- Claim 2 is unpatentable under 35 U.S.C. 103 as being obvious over
Smith in view of Harvey.

- Claims 3 - 10 are unpatentable under 35 U.S.C. 103 as being obvious
over Smith in view of Jones, and further in view of Cooper.

- Claims 3 - 10 are unpatentable under 35 U.S.C. 103 as being obvious over
Smith in view of Harvey, and further in view of Cooper.
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If the requester were permitted to omit an explanation of how such documents cited in the

request are applied to the patent claims, an undue burden would be placed on the Office

to address each document in the determination on the request, without an explanation of

the relevance to the patent claims. Accordingly, such an omission is prohibited by law.
REQUESTER’S RECOURSE

Requester has the 6ption to respond to this identification of defects in the request papers
by applying the appropriate option(s) set forth below:

Providing an explanation of the manner and pertinence of applying each cited document
to the patent claims for which reexamination is requested, as required by 37 CFR
1.510(b)(2). Every limitation in each patent claim for which reexamination is requested
must be addressed. Where references are applied in combination, each combination must
be individually identified, and the basis for forming each combination of references must
be supplied.

Serving the corrected request (including all supporting documents such as the listing of
references, copies of the references, appendices, etc.) on the patent owner at the current
correspondence address under 37 CFR 1.33(a) in the patent record at the time the
corrected request was filed, or alternatively, if such service cannot be made, providing an
explanation of the efforts taken to provide service and why those etforts were not
successful, and a second copy of the request papers.

For any document for which no explanation is to be provided for any of the patent claims,
explicitly withdrawing the reference from the request and replacing the presently
submitted listing of documents with a new listing confined to the documents for which a
discussion required and 1449 would be expressly withdrawn by requester, and replaced
with a newly provided form or forms.

In order to obtain a filing date for the request papers, the requester must, within thirty
(30) days of the mailing date ot this decision, file a response to this decision which makes
the request papers filing date complaint. A request for ex parte reexamination must now
meet all the applicable statutory and regulatory requirements before a filing date is
accorded to the request. See MPEP 2227 Part B.1 and MPEP 2217, Part 1. See also
Clarification of Filing Date Requirements for Ex Parte and Inter Partes Reexamination
Proceedings, 71 Fed. Reg. 44219 (August 4, 2006), 1309 Off. Gaz. Pat. Office 216
(August 29, 2006) (Final Rule).
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Failure to submit a proper response to this Notice may result in the termination of
the request, with no filing date accorded.

All correspondence related to this ex parte reexamination proceeding should be directed:

By EFS: Registered users may submit via the electronic filing system EFS-Web.
https:/ /efs.uspto.gov/efile/myportal/ efs-registered

By Mail to:  Mail Stop Ex Parte Reexam
Central Reexamination Unit
Commissioner for Patents
United States Patent & Trademark Office
P.O. Box 1450
Alexandria, VA 22313-1450
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OBTAINING CONTENT FROM REMOTE
SOURCE FOR PLAYBACK

INCORPORATION BY REFERENCE

This application claims priority under 35 U.S.C. §120 to,
and is a continuation of, U.S. Non-provisional patent appli-
cation Ser. No. 13/297,000, filed on Nov. 15, 2011, entitled
“System and method for synchronizing operations among a
plurality of independently clocked digital data processing
devices,” which claims priority under 35 U.S.C. 120 to, and is
a continuation of, U.S. Non-provisional application Ser. No.
10/816,217, now issued as U.S. Pat. No. 8,234,395, filed on
Apr. 1,2004, entitled “System and method for synchronizing
operations among a plurality of independently clocked digital
data processing devices,” which claims priority under 35
U.S.C. §119 to U.S. Provisional Application No. 60/490,768,
filed on Jul. 28, 2003, entitled “Method for Synchronizing
Audio Playback Between Multiple Networked Devices,”
each of which are assigned to the assignee of the present
application and are incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates generally to the field of digi-
tal data processing devices, and more particularly to systems
and methods for synchronizing operations among a plurality
of independently-clocked digital data processing devices.
The invention is embodied in a system for synchronizing
operations among a plurality of devices, in relation to infor-
mation that is provided by a common source. One embodi-
ment of the invention enables synchronizing of audio play-
back as among two or more audio playback devices that
receive audio information from a common information
source, or channel.

More generally, the invention relates to the field of arrange-
ments that synchronize output generated by a number of
output generators, including audio output, video output, com-
binations of audio and video, as well as other types of output
as will be appreciated by those skilled in the art, provided by
a common channel. Generally, the invention will find utility
in connection with any type of information for which syn-
chrony among independently-clocked devices is desired.

BACKGROUND OF THE INVENTION

There are a number of circumstances under which it is
desirable to maintain synchrony of operations among a plu-
rality of independently-clocked digital data processing
devices in relation to, for example, information that is pro-
vided thereto by a common source. For example, systems are
being developed in which one audio information source can
distribute audio information in digital form to a number of
audio playback devices for playback. The audio playback
devices receive the digital information and convert it to ana-
log form for playback. The audio playback devices may be
located in the same room or they may be distributed in dif-
ferent rooms in a residence such as a house or an apartment,
in different offices in an office building, or the like. For
example, in a system installed in a residence, one audio play-
back device may be located in a living room, while another
audio playback device is be located in a kitchen, and yet other
audio playback devices may be located in various bedrooms
ofahouse. In such an arrangement, the audio information that
is distributed to various audio playback devices may relate to
the same audio program, or the information may relate to
different audio programs. If the audio information source
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provides audio information relating to the same audio pro-
gram to two or more audio playback devices at the same time,
the audio playback devices will generally contemporane-
ously play the same program. For example, if the audio infor-
mation source provides audio information to audio playback
devices located in the living room and kitchen in a house at the
same time, they will generally contemporaneously play the
same program.

One problem that can arise is to ensure that, if two or more
audio playback devices are contemporaneously attempting to
play back the same audio program, they do so simultaneously.
Small differences in the audio playback devices’ start times
and/or playback speeds can be perceived by a listener as an
echo effect, and larger differences can be very annoying.
Differences can arise because for a number of reasons,
including delays in the transfer of audio information over the
network. Such delays can differ as among the various audio
playback devices for a variety of reasons, including where
they are connected into the network, message traffic and other
reasons as will be apparent to those skilled in the art.

Another problem arises from the following. When an audio
playback device converts the digital audio information from
digital to analog form, it does so using a clock that provides
timing information. Generally, the audio playback devices
that are being developed have independent clocks, and, if they
are not clocking at precisely the same rate, the audio playback
provided by the various devices can get out of synchroniza-
tion.

SUMMARY OF THE INVENTION

The invention provides a new and improved system and
method for synchronizing operations among a number of
digital data processing devices that are regulated by indepen-
dent clocking devices. Generally, the invention will find util-
ity in connection with any type of information for which
synchrony among devices connected to a network is desired.
The invention is described in connection with a plurality of
audio playback devices that receive digital audio information
that is to be played back in synchrony, but it will be appreci-
ated that the invention can find usefulness in connection with
any kind of information for which coordination among
devices that have independent clocking devices would find
utility.

In brief summary, the invention provides, in one aspect, a
system for maintaining synchrony of operations among a
plurality of devices that have independent clocking arrange-
ments. The system includes a task distribution device that
distributes tasks to a synchrony group comprising a plurality
of devices that are to perform the tasks distributed by the task
distribution device in synchrony. The task distribution device
distributes each task to the members of the synchrony group
over a network. Each task is associated with a time stamp that
indicates a time, relative to a clock maintained by the task
distribution device, at which the members of the synchrony
group are to execute the task. Each member of the synchrony
group periodically obtains from the task distribution device
an indication of the current time indicated by its clock, deter-
mines a time differential between the task distribution
device’s clock and its respective clock and determines there-
from a time at which, according to its respective clock, the
time stamp indicates that it is to execute the task.

In one embodiment, the tasks that are distributed include
audio information for an audio track that is to be played by all
of the devices comprising the synchrony group synchro-
nously. The audio track is divided into a series of frames, each
of which is associated with a time stamp indicating the time,

LINKPLAY EXHIBIT 1004
Page 4447 of 4822



US 9,213,357 B2

3

relative to the clock maintained by an audio information
channel device, which, in that embodiment, serves as the task
distribution device, at which the members of the synchrony
group are to play the respective frame. Each member of the
synchrony group, using a very accurate protocol, periodically
obtains the time indicated by the audio information channel
device, and determines a differential between the time as
indicated by its local clock and the audio information channel
device’s clock. The member uses the differential and the time
as indicated by the time stamp to determine the time, relative
to its local clock, at which it is to play the respective frame.
The members of the synchrony group do this for all of the
frames, and accordingly are able to play the frames in syn-
chrony.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention is pointed out with particularity in the
appended claims. The above and further advantages of this
invention may be better understood by referring to the fol-
lowing description taken in conjunction with the accompany-
ing drawings, in which:

FIG. 1 schematically depicts an illustrative networked
audio system, constructed in accordance with the invention;

FIG. 2 schematically depicts a functional block diagram of
a synchrony group utilizing a plurality of zone players formed
within the networked audio system depicted in FIG. 1;

FIG. 2A schematically depicts two synchrony groups,
illustrating how a member of one synchrony group can pro-
vide audio information to the members of another synchrony
group;

FIG. 3 depicts an functional block diagram of a zone player
for use in the networked audio system depicted in FIG. 1; and

FIG. 4 is useful in understanding an digital audio informa-
tion framing methodology useful in the network audio system
depicted in FIG. 1.

DETAILED DESCRIPTION OF AN
ILLUSTRATIVE EMBODIMENT

FIG. 1 depicts an illustrative network audio system 10
constructed in accordance with the invention. With reference
to FIG. 1, the network audio system 10 includes a plurality of
zone players 11(1) through 11(N) (generally identified by
reference numeral 11(z)) interconnected by a local network
12, all of which operate under control of one or more user
interface modules generally identified by reference numeral
13. One or more of the zone players 11(z) may also be
connected to one or more audio information sources, which
will generally be identified herein by reference numeral
14(n)(s), and/or one or more audio reproduction devices,
which will generally be identified by reference numeral
15(n)(r). In the reference numeral 14(r)(s), index “n” refers to
the index “n” of the zone player 11(z) to which the audio
information source is connected, and the index “s” (s=1, . . .,
S,,) refers to the “s-th” audio information source connected to
that “n-th” zone player 11(»). Thus, if, for example, a zone
player 11(») is connected to four audio information sources
14(»)(1) through 14(»)(4), the audio information sources may
be generally identified by reference numeral 14(x)(s), with
S,=4. It will be appreciated that the number of audio infor-
mation sources S,, may vary as among the various zone play-
ers 11(n), and some zone players may not have any audio
information sources connected thereto. Similarly, in the ref-
erence numeral 15(»)(r), index “n” refers to the index “n” of
the zone player 11(») to which the audio reproduction device
is connected, and the index “r” (r=1, . . ., R)) refers to the
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“r-th” audio information source connected to that “n-th” zone
player 11(»). In addition to the audio information sources
14(n)(s), the network audio system 10 may include one or
more audio information sources 16(1) through 16(M) con-
nected through appropriate network interface devices (not
separately shown) to the local network 12. Furthermore, the
local network may include one or more network interface
devices (also not separately shown) that are configured to
connect the local network 12 to other networks, including a
wide area network such as the Internet, the public switched
telephony network (PSTN) or other networks as will be
apparent to those skilled in the art, over which connections to
audio information sources may be established.

The zone players 11(r) associated with system 10 may be
distributed throughout an establishment such as residence, an
office complex, a hotel, a conference hall, an amphitheater or
auditorium, or other types of establishments as will be appar-
ent to those skilled in the art or the like. For example, if the
zone players 11(») and their associated audio information
source(s) and/or audio reproduction device(s) are distributed
throughout a residence, one, such as zone player 11(1) and its
associated audio information source(s) and audio reproduc-
tion device(s) may be located in a living room, another may be
located in a kitchen, another may be located in a dining room,
and yet others may be located in respective bedrooms, to
selectively provide entertainment in those rooms. On the
other hand, if the zone players 11(r) and their associated
audio information source(s) and/or audio reproduction de-
vice(s) are distributed throughout an office complex, one
may, for example, be provided in each office to selectively
provide entertainment to the employees in the respective
offices. Similarly, if the zone players 11(») and associated
audio information source(s) and/or audio reproduction de-
vice(s) are used in a hotel, they may be distributed throughout
the rooms to provide entertainment to the guests. Similar
arrangements may be used with zone players 11(») and asso-
ciated audio information source(s) and/or audio reproduction
device(s) used in an amphitheater or auditorium. Other
arrangements in other types of environments will be apparent
to those skilled in the art. In each case, the zone players 11(»)
can be used to selectively provide entertainment in the respec-
tive locations, as will be described below.

The audio information sources 14(r)(s) and 16(m) may be
any of a number of types of conventional sources of audio
information, including, for example, compact disc (“CD”)
players, AM and/or FM radio receivers, analog or digital tape
cassette players, analog record turntables and the like. In
addition, the audio information sources 14()(s) and 16(m)
may comprise digital audio files stored locally on, for
example, personal computers (PCs), personal digital assis-
tants (PDAs), or similar devices capable of storing digital
information in volatile or non-volatile form. As noted above,
the local network 12 may also have an interface (not shown)
to a wide area network, over which the network audio system
10 can obtain audio information. Moreover, one or more of
the audio information sources 14(»)(s) may also comprise an
interface to a wide area network such as the Internet, the
public switched telephony network (PSTN) or any other
source of audio information. In addition, one or more of the
audio information sources 14(n)(s) and 16(m) may comprise
interfaces to radio services delivered over, for example, sat-
ellite. Audio information obtained over the wide area network
may comprise, for example, streaming digital audio informa-
tion such as Internet radio, digital audio files stored on serv-
ers, and other types of audio information and sources as will
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be appreciated by those skilled in the art. Other arrangements
and other types of audio information sources will be apparent
to those skilled in the art.

Generally, the audio information sources 14(n)(s) and
16(m) provide audio information associated with audio pro-
grams to the zone players for playback. A zone player that
receives audio information from an audio information source
14(n)(s) that is connected thereto can provide playback and/
or forward the audio information, along with playback timing
information, over the local network 12 to other zone players
for playback. Similarly, each audio information source 16(7)
that is not directly connected to a zone player can transmit
audio information over the network 12 to any zone player
11(n) for playback. In addition, as will be explained in detail
below, the respective zone player 11(#) can transmit the audio
information that it receives either from an audio information
source 14(n)(s) connected thereto, or from an audio informa-
tion source 16(7m), to selected ones of the other zone players
11(n"), 11(n"), . . . (nnot equal ton', n", . . . ) for playback by
those other zone players. The other zone players 11(#'),
11(»"), . . . to which the zone player 11(z) transmits the audio
information for playback may be selected by a user using the
user interface module 13. In that operation, the zone player
11(») will transmit the audio information to the selected zone
players 11("), 11(n"), . . . over the network 12. As will be
described below in greater detail, the zone players 11(n),
11(»), 11(n"), . . . operate such that the zone players 11(»'),
11(»"), . . . synchronize their playback of the audio program
with the playback by the zone player 11(»), so that the zone
players 11(»), 11(»"), 11(»") provide the same audio program
at the same time.

Users, using user interface module 13, may also enable
different groupings or sets of zone players to provide audio
playback of different audio programs synchronously. For
example, a user, using a user interface module 13, may enable
zone players 11(1) and 11(2) to play one audio program,
audio information for which may be provided by, for
example, one audio information source 14(1)(1). The same or
a different user may, using the same or a different user inter-
face module 13, enable zone players 11(4) and 11(5) to con-
temporaneously play another audio program, audio informa-
tion for which may be provided by a second audio
information source, such as audio information source 14(5)
(2). Further, a user may enable zone player 11(3) to contem-
poraneously play yet another audio program, audio informa-
tion for which may be provided by yet another audio
information source, such as audio information source 16(1).
As yet another possibility, a user may contemporaneously
enable zone player 11(1) to provide audio information from
an audio information source connected thereto, such as audio
information source 14(1)(2), to another zone player, such as
zone player 11(6) for playback.

In the following, the term “synchrony group” will be used
to refer to a set of one or more zone players that are to play the
same audio program synchronously. Thus, in the above
example, zone players 11(1) and 11(2) comprise one syn-
chrony group, zone player 11(3) comprises a second syn-
chrony group, zone players 11(4) and 11(5) comprise a third
synchrony group, and zone player 11(6) comprises yet a
fourth synchrony group. Thus, while zone players 11(1) and
11(2) are playing the same audio program, they will play the
audio program synchronously. Similarly, while zone players
11(4) and 11(5) are playing the same audio program, they will
play the audio program synchronously. On the other hand,
zone players that are playing different audio programs may do
so with unrelated timings. That is, for example, the timing
with which zone players 11(1) and 11(2) play their audio
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program may have no relationship to the timing with which
zone player 11(3), zone players 11(4) and 11(5), and zone
player 11(6) play their audio programs. It will be appreciated
that, since “synchrony group” is used to refer to sets of zone
players that are playing the same audio program synchro-
nously, zone player 11(1) will not be part of zone player
11(6)’s synchrony group, even though zone player 11(1) is
providing the audio information for the audio program to
zone player 11(6).

In the network audio system 10, the synchrony groups are
not fixed. Users can enable them to be established and modi-
fied dynamically. Continuing with the above example, a user
may enable the zone player 11(1) to begin providing playback
of the audio program provided thereto by audio information
source 14(1)(1), and subsequently enable zone player 11(2) to
join the synchrony group. Similarly, a user may enable the
zone player 11(5) to begin providing playback of the audio
program provided thereto by audio information source 14(5)
(2), and subsequently enable zone player 11(4) to join that
synchrony group. In addition, a user may enable a zone player
to leave a synchrony group and possibly join another syn-
chrony group. For example, a user may enable the zone player
11(2) to leave the synchrony group with zone player 11(1),
and join the synchrony group with zone player 11(6). As
another possibility, the user may enable the zone player 11(1)
to leave the synchrony group with zone player 11(2) and join
the synchrony group with zone player 11(6). In connection
with the last possibility, the zone player 11(1) can continue
providing audio information from the audio information
source 14(1)(1) to the zone player 11(2) for playback thereby.

A user, using the user interface module 13, can enable a
zone player 11(z) that is currently not a member of a syn-
chrony group to join a synchrony group, after which it will be
enabled to play the audio program that is currently being
played by that synchrony group. Similarly, a user, also using
the user interface module 13, can enable a zone player 11(»)
that is currently a member of one synchrony group, to disen-
gage from that synchrony group and join another synchrony
group, after which that zone player will be playing the audio
program associated with the other synchrony group. For
example, if a zone player 11(6) is currently not a member of
any synchrony group, it, under control of the user interface
module 13, can become a member of a synchrony group, after
which it will play the audio program being played by the other
members of the synchrony group, in synchrony with the other
members of the synchrony group. In becoming a member of
the synchrony group, zone player 11(6) can notify the zone
player that is the master device for the synchrony group that
it wishes to become a member of its synchrony group, after
which that zone player will also transmit audio information
associated with the audio program, as well as timing infor-
mation, to the zone player 11(6). As the zone player 11(6)
receives the audio information and the timing information
from the master device, it will play the audio information with
the timing indicated by the timing information, which will
enable the zone player 11(6) to play the audio program in
synchrony with the other zone player(s) in the synchrony
group.

Similarly, if a user, using the user interface module 13,
enables a zone player 11(») associated with a synchrony
group to disengage from that synchrony group, and if the zone
player 11(%) is not the master device of the synchrony group,
the zone player 11(n) can notify the master device, after
which the master device can terminate transmission of the
audio information and timing information to the zone player
11(r). If the user also enables the zone player 11(») to begin
playing another audio program using audio information from
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an audio information source 14(n)(s) connected thereto, it
will acquire the audio information from the audio information
source 14(n)(s) and initiate playback thereof. If the user
enables another zone player 11(»") to join the synchrony
group associated with zone player 11(»), operations in con-
nection therewith can proceed as described immediately
above.

As yet another possibility, if a user, using the user interface
module 13, enables a zone player 11(z) associated with a
synchrony group to disengage from that synchrony group and
join another synchrony group, and if the zone player is not the
master device of the synchrony group from which it is disen-
gaging, the zone player 11(») can notify the master device of
the synchrony group from which it is disengaging, after
which that zone player will terminate transmission of audio
information and timing information to the zone player 11(»)
that is disengaging. Contemporaneously, the zone player
11(») can notify the master device of the synchrony group that
it (that is, zone player 11(»)) is joining, after which the master
device can begin transmission of audio information and tim-
ing information to that zone player 11(»). The zone player
11(») can thereafter begin playback of the audio program
defined by the audio information, in accordance with the
timing information so that the zone player 11(») will play the
audio program in synchrony with the master device.

As yet another possibility, a user, using the user interface
module 13, may enable a zone player 11(») that is not asso-
ciated with a synchrony group, to begin playing an audio
program using audio information provided to it by an audio
information source 14(n)(s) connected thereto. In that case,
the user, also using the user interface module 13 or a user
interface device that is specific to the audio information
source 14(n)(s), can enable the audio information source
14(n)(s) to provide audio information to the zone player
11(»). After the zone player 11(») has begun playback, or
contemporaneously therewith, the user, using the user inter-
face module 13, can enable other zone players 11(n'),
11(n"), . . . to join zone player 11(n)’s synchrony group and
enable that zone player 11(») to transmit audio information
and timing information thereto as described above, to facili-
tate synchronous playback of the audio program by the other
zone players 11(z'"), 11(n") . . . .

A user can use the user interface module 13 to control other
aspects of the network audio system 10, including but not
limited to the selection of the audio information source
14(n)(s) that a particular zone player 11(») is to utilize, the
volume of the audio playback, and so forth. In addition, a user
may use the user interface module 13 to turn audio informa-
tion source(s) 14(z)(s) on and off and to enable them to
provide audio information to the respective zone players
11(n).

Operations performed by the various devices associated
with a synchrony group will be described in connection with
FIG. 2, which schematically depicts a functional block dia-
gram of a synchrony group in the network audio system 10
described above in connection with FIG. 1. With reference to
FIG. 2, a synchrony group 20 includes a master device 21 and
zero or more slave devices 22(1) through 22 (G) (generally
identified by reference numeral 22(g)), all of which synchro-
nously play an audio program provided by an audio informa-
tion channel device 23. Each of the master device 21, slave
devices 22(g) and audio information channel device 23 uti-
lizes a zone player 11(z) depicted in FIG. 1, although it will be
clear from the description below that a zone player may be
utilized both for the audio information channel device for the
synchrony group 20, and the master device 21 or a slave
device 22(g) of the synchrony group 20. As will be described
below in more detail, the audio information channel device 23
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obtains the audio information for the audio program from an
audio information source, adds playback timing information,
and transmits the combined audio and playback timing infor-
mation to the master device 21 and slave devices 22(g) over
the network 12 for playback. The playback timing informa-
tion that is provided with the audio information, together with
clock timing information provided by the audio information
channel device 23 to the various devices 21 and 22(g) as will
be described below, enables the master device 21 and slave
devices 22(g) of the synchrony group 20 to play the audio
information simultaneously.

The master device 21 and the slave devices 22(g) receive
the audio and playback timing information, as well as the
clock timing information, that are provided by the audio
information channel device 23, and play back the audio pro-
gram defined by the audio information. The master device 21
is also the member of the synchrony group 20 that commu-
nicates with the user interface module 13 and that controls the
operations of the slave devices 22(g) in the synchrony group
20. In addition, the master device 21 controls the operations
of the audio information channel device 23 that provides the
audio and playback timing information for the synchrony
group 20. Generally, the initial master device 21 for the syn-
chrony group will be the first zone player 11(») that a user
wishes to play an audio program. However, as will be
described below, the zone player 11(r) that operates as the
master device 21 can be migrated from one zone player 11(»)
to another zone player 11(»"), which preferably will be a zone
player that is currently operating as a slave device 22(g) in the
synchrony group.

In addition, under certain circumstances, as will be
described below, the zone player 11(r) that operates as the
audio information channel device 23 can be migrated from
one zone player to another zone player, which also will pref-
erably will be a zone player that is currently operating as a
member of the synchrony group 20. It will be appreciated that
the zone player that operates as the master device 21 can be
migrated to another zone player independently of the migra-
tion of the audio information channel device 23. For example,
if one zone player 11(») is operating as both the master device
21 and the audio information channel device 23 for a syn-
chrony group 20, the master device 21 can be migrated to
another zone player 11(»') while the zone player 11(z) is still
operating as the audio information channel device 23. Simi-
larly, if one zone player 11() is operating as both the master
device 21 and the audio information channel device 23 for a
synchrony group 20, the audio information channel device 23
can be migrated to another zone player 11(»') while the zone
player 11(») is still operating as the master device 21. In
addition, if one zone player 11(n) is operating as both the
master device 21 and the audio information channel device 23
for a synchrony group 20, the master device 21 can be
migrated to another zone player 11(»') and the audio infor-
mation channel device can be migrated to a third zone player
11(").

The master device 21 receives control information from the
user interface module 13 for controlling the synchrony group
20 and provides status information indicating the operational
status of the synchrony group to the user interface module 13.
Generally, the control information from the user interface
module 13 enables the master device 21 to, in turn, enable the
audio information channel device 23 to provide audio and
playback timing information to the synchrony group to
enable the devices 21 and 22(g) that are members of the
synchrony group 20 to play the audio program synchro-
nously. In addition, the control information from the user
interface module 13 enables the master device 21 to, in turn,
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enable other zone players to join the synchrony group as slave
devices 22(g) and to enable slave devices 22(g) to disengage
from the synchrony group. Control information from the user
interface module 13 can also enable the zone player 11(z) that
is currently operating as the master device 21 to disengage
from the synchrony group, but prior to doing so that zone
player will enable the master device 21 to transfer from that
zone player 11(r) to another zone player 11(»'), preferably to
azone player 11(»') that is currently a slave device 22(g) in the
synchrony group 20. The control information from the user
interface module 13 can also enable the master device 21 to
adjust its playback volume and to enable individual ones of
the various slave devices 22(g) to adjust their playback vol-
umes. In addition, the control information from the user inter-
face module 13 can enable the synchrony group 20 to termi-
nate playing of a current track of the audio program and skip
to the next track, and to re-order tracks in a play list of tracks
defining the audio program that is to be played by the syn-
chrony group 20.

The status information that the master device 21 may pro-
vide to the user interface module 13 can include such infor-
mation as a name or other identifier for the track of the audio
work that is currently being played, the names or other iden-
tifiers for upcoming tracks, the identifier of the zone player
11(n) that is currently operating as the master device 21, and
identifiers of the zone players that are currently operating as
slave devices 22(g). In one embodiment, the user interface
module 13 includes a display (not separately shown) that can
display the status information to the user.

It will be appreciated that the zone player 11(») that is
operating as the audio information channel device 23 for one
synchrony group may also comprise the master device 21 or
any of the slave devices 22(g) in another synchrony group.
This may occur if, for example, the audio information source
that is to provide the audio information that is to be played by
the one synchrony group is connected to a zone player also
being utilized as the master device or a slave device for the
other synchrony group. This will be schematically illustrated
below in connection with FIG. 2A. Since, as noted above, the
zone player 11(») that is operating as the audio information
channel device 23 for the synchrony group 20 may also be
operating as a master device 21 or slave device 22(g) for
another synchrony group, it can also be connected to one or
more audio reproduction devices 15(r)(r), although that is not
depicted in FIG. 2. Since the master device 21 and slave
devices 22(g) are all to provide playback of the audio pro-
gram, they will be connected to respective audio reproduction
devices 15(n)(r). Furthermore, it will be appreciated that one
or more of the zone players 11(%) that operate as the master
device 21 and slave devices 22(g) in synchrony group 20 may
also operate as an audio information channel device for that
synchrony group or for another synchrony group and so they
may be connected to one or more audio information sources
14(n)(s), although that is also not depicted in FIG. 2. In
addition, it will be appreciated that a zone player 11(z) can
also operate as a audio information channel device 23 for
multiple synchrony groups.

If the audio information channel device 23 does not utilize
the same zone player as the master device 21, the master
device 21 controls the audio information channel device by
exchanging control information over the network 12 with the
audio information channel device 23. The control informa-
tion is represented in FIG. 2 by the arrow labeled
CHAN_DEV_CTRL_INFO. The control information that
the master device 21 provides to the audio information chan-
nel device 23 will generally depend on the nature of the audio
information source that is to provide the audio information for
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the audio program that is to be played and the operation to be
enabled by the control information. If, for example, the audio
information source is a conventional compact disc, tape, or
record player, broadcast radio receiver, or the like, which is
connected to a zone player 11(»), the master device 21 may
merely enable the zone player serving as the audio informa-
tion channel device 23 to receive the audio information for the
program from the audio information source. It will be appre-
ciated that, if the audio information is not in digital form, the
audio information channel device 23 will convert it to digital
form and provide the digitized audio information, along with
the playback timing information, to the master device 21 and
slave devices 22(g).

On the other hand, if the audio information source is, for
example, a digital data storage device, such as may be on a
personal computer or similar device, the master device 21 can
provide a play list to the audio information channel device 23
that identifies one or more files containing the audio informa-
tion for the audio program. In that case, the audio information
channel device 23 can retrieve the files from the digital data
storage device and provide them, along with the playback
timing information, to the master device 21 and the slave
devices 22(g). It will be appreciated that, in this case, the
audio information source may be directly connected to the
audio information channel device 23, as, for example, an
audio information source 14(x)(s), or it may comprise an
audio information source 16(m) connected to the network 12.
As a further alternative, if the audio information source is a
source available over the wide area network, the master
device 21 can provide a play list comprising a list of web
addresses identifying the files containing the audio informa-
tion for the audio program that is to be played, and in that
connection the audio information channel device 23 can ini-
tiate a retrieval of the files over the wide area network. As yet
another alternative, if the audio information source is a source
of streaming audio received over the wide area network, the
master device 21 can provide a network address from which
the streaming audio can be received. Other arrangements by
which the master device 21 can control the audio information
channel device 23 will be apparent to those skilled in the art.

The master device 21 can also provide control information
to the synchrony group’s audio information channel device
23 to enable a migration from one zone player 11(n) to
another zone player 11(r'). This may occur if, for example,
the audio information source is one of audio information
sources 16 or a source accessible over the wide area network
via the network 12. The master device 21 can enable migra-
tion of the audio information channel device 23 for several
reasons, including, for example, to reduce the loading of the
zone player 11(n), to improve latency of message transmis-
sion in the network 12, and other reasons as will be appreci-
ated by those skilled in the art.

As noted above, the audio information channel device 23
provides audio and playback timing information for the syn-
chrony group to enable the master device 21 and slave devices
22(g) to play the audio program synchronously. Details of the
audio and playback timing information will be described in
detail below in connection with FIGS. 3 and 4, but, in brief,
the audio information channel device 23 transmits the audio
and playback timing information in messages over the net-
work 12 using a multi-cast message transmission methodol-
ogy. In that methodology, the audio information channel
device 23 will transmit the audio and playback timing infor-
mation in a series of messages, with each message being
received by all of the zone players 11(z) comprising the
synchrony group 20, that is, by the master device 21 and the
slave devices 22(g). Each of the messages includes a multi-
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cast address, which the master device 21 and slave devices
22(g) will monitor and, when they detect a message with that
address, they will receive and use the contents of the message.
The audio and playback timing information is represented in
FIG. 2 by the arrow labeled “AUD+PBTIME_INF0,” which
has a single tail, representing a source for the information at
the audio information channel device 23, and multiple arrow-
heads representing the destinations of the information, with
one arrowhead extending to the master device 21 and other
arrowheads extending to each of the slave devices 22(g) in the
synchrony group 20. The audio information channel device
23 may make use of any convenient multi-cast message trans-
mission methodology in transmitting the audio and playback
timing information to the synchrony group 20. As will be
described in detail in connection with FIG. 4, the audio and
playback timing information is in the form of a series of
frames, with each frame having a time stamp. The time stamp
indicates a time, relative to the time indicated by a clock
maintained by the audio information channel device 23, at
which the frame is to be played. Depending on the size or
sizes of the messages used in the selected multi-cast message
transmission methodology and the size or sizes of the frames,
a message may contain one frame, or multiple frames, or,
alternatively, a frame may extend across several messages.

The audio information channel device 23 also provides
clock time information to the master device 21 and each of the
slave devices 22(g) individually over network 12 using a
highly accurate clock time information transmission method-
ology. The distribution of the clock time information is rep-
resented in FIG. 2 by the arrows labeled “AICD_CLK_INF
(M)” (inthe case of the clock time information provided to the
master device 21) and “AICD_CLK_INF (S,)” through
“AICD_CLK_INF (S5)” (in the case of audio information
channel device clock information provided to the slave
devices 22(g)). In one embodiment, the master device 21 and
slave devices 22(g) make use of the well-known SNTP
(Simple Network Time Protocol) to obtain current clock time
information from the audio information channel device 23.
The SNTP makes use of a unicast message transfer method-
ology, in which one device, such as the audio information
channel device 23, provides clock time information to a spe-
cific other device, such as the master device 21 or a slave
device 22(g), using the other device’s network, or unicast,
address. Each of the master device 21 and slave devices 22(g)
will periodically initiate SNTP transactions with the audio
information channel device 23 to obtain the clock time infor-
mation from the audio information channel device 23. As will
be described below in more detail, the master device 21 and
each slave device 22(g) make use of the clock time informa-
tion to determine the time differential between the time indi-
cated by the audio information channel device’s clock and the
time indicated by its respective clock, and use that time dif-
ferential value, along with the playback time information
associated with the audio information and the respective
device’s local time as indicated by its clock to determine
when the various frames are to be played. This enables the
master device 21 and the slave devices 22(g) in the synchrony
group 20 to play the respective frames simultaneously.

As noted above, the control information provided by the
user to the master device 21 through the user interface module
13 can also enable the master device 21 to, in turn, enable
another zone player 11(#') to join the synchrony group as a
new slave device 22(g). In that operation, the user interface
module 13 will provide control information, including the
identification of the zone player 11(»') that is to join the
synchrony group to the master device 21. After it receives the
identification of the zone player 11(»") that is to join the
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synchrony group, the master device 21 will exchange control
information, which is represented in FIG. 2 by the arrows
labeled SLV_DEV_CTRL_INF (S,) through SLV_DEV_
CTRL_INF (S;) group slave control information, over the
network 12 with the zone player 11(z') that is identified in the
control information from the user interface module 13. The
control information that the master device 21 provides to the
new zone player 11(»') includes the network address of the
zone player 11(z) that is operating as the audio information
channel device 23 for the synchrony group, as well as the
multi-cast address that the audio information channel device
23 is using to broadcast the audio and playback timing infor-
mation over the network. The zone player that is to operate as
the new slave device 22(g") uses the multi-cast address to
begin receiving the multi-cast messages that contain the audio
information for the audio program being played by the syn-
chrony group.

It will be appreciated that, if the zone player 11(») that is
operating as the master device 21 for the synchrony group 20
is also operating the audio information channel device 23, and
if there are no slave devices 22(g) in the synchrony group 20,
the audio information channel device 23 may not be trans-
mitting audio and playback timing information over the net-
work. In that case, if the new slave device 22(g') is the first
slave device in the synchrony group, the zone player 11(z)
that is operating as both the master device 21 and audio
information channel device 23, can begin transmitting the
audio and playback timing information over the network 12
when the slave device 22(g') is added to the synchrony group
20. The zone player 11() can maintain a count of the number
of slave devices 22(g) in the synchrony group 20 as they join
and disengage, and, if the number drops to zero, it can stop
transmitting the audio and playback timing information over
the network 12 to reduce the message traffic over the network
12.

The new slave device 22(g") added to the synchrony group
20 uses the network address of the audio information channel
device 23 for several purposes. In particular, the new slave
device 22(g") will, like the master device 21 (assuming the
zone player 11(n) operating as the master device 21 is not also
the audio information channel device 23), engage in SNTP
transactions with the audio information channel device 23 to
obtain the clock timing information from the audio informa-
tion channel device 23. In addition, the new slave device
22(g") can notify the audio information channel device 23 that
it is a new slave device 22(g") for the synchrony group 20 and
provide the audio information channel device 23 with its
network address. As will be described below, in one embodi-
ment, particularly in connection with audio information
obtained from a source, such as a digital data storage device,
which can provide audio information at a rate that is faster
than the rate at which it will be played, the audio information
channel device 23 will buffer audio and timing information
and broadcast it over the network 12 to the synchrony group
20 generally at a rate at which it is provided by the source.
Accordingly, when a new slave device 22(g') joins the syn-
chrony group 20, the playback timing information may indi-
cate that the audio information that is currently being broad-
cast by the audio information channel device 23 using the
multi-cast methodology is to be played back some time in the
future. To reduce the delay with which the new slave device
22(g") will begin playback, the audio information channel
device 23 can also retransmit previously transmitted audio
and timing information that it had buffered to the new slave
device 22(g") using the unicast network address of the slave
device 22(g").
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The master device 21 can also use the slave device control
information exchanged with the slave devices 22(g) for other
purposes. For example, the master device 21 can use the slave
device control information to initiate a migration of the mas-
ter from its zone player 11(n) to another zone player 11(z").
This may occur for any of a number of reasons, including, for
example, that the master device 21 is terminating playback by
it of the audio program and is leaving the synchrony group 20,
but one or more of the other devices in the synchrony group is
to continue playing the audio program. The master device 21
may also want to initiate a migration if it is overloaded, which
can occur if, for example, the zone player 11(») that is the
master device 21 for its synchrony group is also operating as
an audio information channel device 23 for another syn-
chrony group.

The user can also use the user interface module 13 to adjust
playback volume by the individual zone players 11(») com-
prising the synchrony group. In that operation, the user inter-
face module 13 provides information identifying the particu-
lar device whose volume is to be adjusted, and the level at
which the volume is to be set to the master device 21. If the
device whose volume is to be adjusted is the master device 21,
the master device 21 can adjust its volume according to the
information that it receives from the user interface module 13.
On the other hand, if the device whose volume is to be
adjusted is a slave device 22(g), the master device 21 can
provide group slave control information to the respective
slave device 22(g), to enable it to adjust its volume.

Theuser can also use the user interface module 13 to enable
a synchrony group 20 to cancel playing of the track in an
audio program that is currently being played, and to proceed
immediately to the next track. This may occur, for example, if
the tracks for the program is in the form of a series of digital
audio information files, and the user wishes to cancel play-
back of the track that is defined by one of the files. In that case,
when the master device 21 receives the command to cancel
playback of the current track, it will provide channel device
control information to the audio information channel device
23 so indicating. In response, the audio information channel
device 23 inserts control information into the audio and play-
back timing information, which will be referred to as a
“resynchronize” command. In addition, the audio informa-
tion channel device 23 will begin transmitting audio informa-
tion for the next track, with timing information to enable it to
be played immediately. The resynchronize command can also
enable playback of a track to be cancelled before it has been
played. Details of these operations will be described below.

As noted above, there may be multiple synchrony groups in
the network audio system 10, and further that, for example, a
zone player 11() may operate both as a master device 21 or
a slave device 22(g) in one synchrony group, and as the audio
information channel device 23 providing audio and playback
timing information and clock timing information for another
synchrony group. An illustrative arrangement of this will be
described in connection with FIG. 2A. With reference to FIG.
2A, that FIG. depicts elements of two synchrony groups,
identified by reference numerals 20(1) and 20(2), respec-
tively. For clarity, FIG. 2A does not show a number of ele-
ments, the presence of which would be evident from FIGS. 1
and 2 as described above. For example, FIG. 2A does not
depict the audio information sources from which audio infor-
mation is obtained for the synchrony groups or the audio
reproduction devices that are used to produce sound for the
master and slave devices, which are depicted in both FIGS. 1
and 2. In addition, FIG. 2A does not depict arrows that rep-
resent control information provided by the respective master
devices to the slave devices in the respective synchrony
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groups, or to the audio information channel devices that pro-
vide audio and timing information for the respective syn-
chrony groups, which are depicted in FIG. 2. In addition, FIG.
2A does not depict the arrows that represent the clock timing
information provided by the audio information channel
devices to the respective members of the respective syn-
chrony groups, which are also depicted in FIG. 2. As will be
noted below, however, FIG. 2A does depict arrows represent-
ing the audio and playback timing information provided by
the respective audio information channel devices for the
respective synchrony groups 20(1), 20(2), to the master and
slave devices comprising the respective synchrony groups
20(1), 20(2).

Each synchrony group 20(1), 20(2) comprises elements of
a number of zone players. A functional block diagram of a
zone player will be described below in connection with FIG.
3. Synchrony group 20(1) includes a master device 21(1) and
“K”slave devices 22(1)(1) through 22(K)(1) (the index “1” in
reference numeral 21(1) and the last index in reference
numeral 22(1)(1) through 21(K)(1) corresponds to the index
of the synchrony group 20(1) to which they belong) utilize
zone players 11(1) and 11(K+1) respectively. Similarly, syn-
chrony group 20(2) includes a master device 21(2) and “L.”
slave devices 22(1)(2) through 22(L)(2) that utilize zone
players 11(K+2) through 11(K+L+2). In the illustrative
arrangement depicted in FIG. 2A, both synchrony groups
20(1) and 20(2) are controlled by the user interface module
13, which can provide control information to, and receive
status information from, the master devices 21(1) and 21(2)
independently. It will be appreciated that separate user inter-
face modules may be provided to provide control information
to, and receive status information from, the respective master
devices 21(1), 21(2).

As noted above, the slave device 22(1)(2) in synchrony
group 20(2) utilizes zone player 11(K+3). In the illustrative
arrangement depicted in FIG. 2A, the audio information
channel device 23(1) that provides audio and playback timing
information to the master and slave devices 21(1),
22(1)1),...,22(K)(1) of synchrony group 20(1) also utilizes
zone player 11(K+3). As noted above, this may occur if, for
example, the audio information source that is to provide audio
information to be played by the synchrony group 20(1) is
connected to the zone player 11(K+3). Thus, when the master
device 21(1) of synchrony group 20(1) exchanges channel
device control information with the audio information chan-
nel device 23(1), it is effectively exchanging channel device
control information with the zone player 11(K+3). Similarly,
when the master and slave devices 21(1), 22(1)(1), . . . ,
22(K)(1) of synchrony group 20(1) receive audio and play-
back timing information, as well as clock timing information,
from the audio information channel device 23(1), they are
effectively receiving the information from the zone player
11(K+3). FIG. 2A depicts a multi-headed arrow representing
audio and playback timing information transmitted by the
zone player 11(K+3), as audio information channel device
23(1), to the master and slave devices 21(1), 22(1)(1), . . .,
11(K)(1) comprising synchrony group 20(1).

On the other hand, in the illustrative arrangement depicted
in FIG. 2A, the synchrony group 20(2) utilizes a zone player
11(K+L+3) as its audio information channel device 23(2). As
with synchrony group 20(1), when the master device 21(2) of
synchrony group 20(2) exchanges channel device control
information with the audio information channel device 23(2),
it is effectively exchanging channel device control informa-
tion with the zone player 11(K+L+3). Similarly, when the
master and slave devices 21(2), 22(1)(2), . . ., 22(L)(2) of
synchrony group 20(2) receive audio and playback timing
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information, as well as clock timing information, from the
audio information channel device 23(2), they are effectively
receiving the information from the zone player 11(K+L+3).
FIG. 2A depicts a multi-headed arrow representing audio and
playback timing information transmitted by the zone player
11(K+3) as audio information channel device 23(2) to the
master and slave devices 21(2), 22(1)(2), . . ., 22(L)(2)
comprising synchrony group 20(2).

In the illustrative arrangement depicted in FIG. 2A, zone
player 11(K+L+3), which is the audio information channel
device 23(2) for synchrony group 20(2), is not shown as being
either a master or a slave device in another synchrony group.
However, it will be appreciated that zone player 11(K+L+3)
could also beutilized as the master device or a slave device for
another synchrony group. Indeed, it will be appreciated that
the zone player that is utilized as the audio information chan-
nel device for synchrony group 20(2) may also be a zone
player that is utilized as the master device 21(1) or a slave
device 22(1)(1), . . ., 22(K)(1) in the synchrony group 20(1).

A zone player 11(n) that is utilized as a member of one
synchrony group may also be utilized as the audio informa-
tion channel device for another synchrony group if the audio
information source that is to supply the audio information that
is to be played by the other synchrony group is connected to
that zone player 11(r). A zone player 11(z) may also be
utilized as the audio information channel device for the other
synchrony group if, for example, the audio information
source is an audio information source 16(m) (FIG. 1) that is
connected to the network 12 or an audio information source
that is available over a wide area network such as the Internet.
The latter may occur if, for example, the zone player 11() has
sufficient processing power to operate as the audio informa-
tion channel device and it is in an optimal location in the
network 12, relative to the zone players comprising the other
synchrony group (that is the synchrony group for which it is
operating as audio information channel device) for providing
the audio and playback timing information to the members of
the other synchrony group. Other circumstances under which
the zone player 11(») that is utilized as a member of one
synchrony group may also be utilized as the audio informa-
tion channel device for another synchrony group will be
apparent to those skilled in the art.

As was noted above, the master device 21 for a synchrony
group 20 may be migrated from one zone player 11(») to
another zone player 11(#'). As was further noted above, the
audio information channel device 23 for a synchrony group
20 may be migrated from one zone player 11(») to another
zone player 11(z"). It will be appreciated that the latter may
occur if, for example, the audio information source that pro-
vides the audio program for the synchrony group is not con-
nected to the zone player 11(#) that is operating as the audio
information channel device 23, but instead is one of the audio
information sources 16() connected to the network 12 or a
source available over a wide area network such as the Internet.
Operations performed during a migration of an audio infor-
mation channel device 23 from one zone player 11(x) to
another zone player 11(»') will generally depend on the nature
of the audio information that is being channeled by the audio
information channel device 23. For example, if the audio
information source provides streaming audio, the zone player
11(») that is currently operating as the audio information
channel device 23 for the synchrony group 20, can provide the
following information to the other zone player 11(»') that is to
become the audio information channel device 23 for the syn-
chrony group 20:
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(a) the identification of the source of the streaming audio
information,

(b) the time stamp associated with the frame that the zone
player 11(») is currently forming, and

(c) the identifications of the zone players that are operating
as the master device 21 and slave devices 22(g) comprising
the synchrony group 20.

After the zone player 11(»") receives the information from
the zone player 11(n), it will begin receiving the streaming
audio from the streaming audio information source identified
by the zone player 11(z), assemble the streaming audio infor-
mation into frames, associate each frame with a time stamp,
and transmit the resulting audio and playback timing infor-
mation over the network 12. The zone player 11(#') will
perform these operations in the same manner as described
above, except that, instead of using the time indicated by its
digital to analog converter clock 34 directly in generating the
time stamps for the frames, the initial time stamp will be
related to the value of the time stamp that is provided by the
zone player 11(n) (reference item (b) above), with the rate at
which the time stamps are incremented corresponding to the
rate at which its (that is, the zone player 11(x')’s) clock
increments. In addition, the zone player 11(#") will notify the
zone players that are operating as the master device 21 and
slave devices 22(g) of the synchrony group 20 that it is the
new audio information channel device 23 for the synchrony
group 20, and provide the multi-cast address that it will be
using to multi-cast the audio and playback timing informa-
tion, as well as its unicast network address. After the members
of the synchrony group 20 receive the notification from the
zone player 11(#') indicating that it is the new audio informa-
tion channel device 23 for the synchrony group 20, they will
receive the audio and playback timing information from the
zone player 11(#'") instead of the zone player 11(x), using the
multi-cast address provided by the zone player 11(#'). In
addition, they can utilize the zone player 11(»')’s unicast
network address to obtain current time information there-
from. It will be appreciated that the zone player 11(#'") will
determine its current time in relation to the time stamp that is
provided by the zone player 11(») (reference item (b) above)
or the current time information that it received from the zone
player 11(n) using the SNTP protocol as described above.

Generally similar operations can be performed in connec-
tion with migrating the audio information channel device
from one zone player 11(x) to another zone player 11(»") if the
audio information is from one or more audio information
files, such as may be the case if the audio information com-
prises MP3 or WAV files that are available from sources such
as sources 16(m) connected to the network 12 or over from
sources available over a wide area network such as the Inter-
net, except for differences to accommodate the fact that the
audio information is in files. In that case, the zone player
11(») that is currently operating as the audio information
channel device 23 for the synchrony group 20 can provide the
following information to the zone player 11(»') that is to
become the audio information channel device 23 for the syn-
chrony group 20:

(d) alist of the audio information files containing the audio
information that is to be played;

(e) the identification of the file for which the zone player
11(n) is currently providing audio and playback timing infor-
mation, along with the offset into the file for which the current
item of audio and playback timing information is being gen-
erated and the time stamp that the zone player 11(») is asso-
ciating with that frame, and
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() the identifications of the zone players that comprise the
master device 21 and slave devices 22(g) comprising the
synchrony group 20.

After the zone player 11(%') receives the information from
the zone player 11(n), it will begin retrieving audio informa-
tion from the file identified in item (e), starting at the identi-
fied offset. In addition, the zone player 11(»') can assemble
the retrieved audio information into frames, associate each
frame with a time stamp and transmit the resulting audio and
playback timing information over the network 12. The zone
player 11(n") will perform these operations in the same man-
ner as described above, except that, instead of using the time
indicated by its digital to analog converter clock 34 directly in
generating the time stamps for the frames, the value of the
initial time stamp will be related to the time stamp that is
provided by the zone player 11(x) (reference item (e) above),
with the rate at which the time stamps are incremented cor-
responding to the rate at which its (that is, the zone player
11(n")’s) clock increments. In addition, the zone player 11(%')
will notify the zone players that are operating as the master
device 21 and slave devices 22(g) of the synchrony group 20
that it is the new audio information channel device 23 for the
synchrony group 20, and provide the multi-cast address that it
will be using to multi-cast the audio and playback timing
information, as well as its unicast network address. After the
members of the synchrony group 20 receive the notification
from the zone player 11(»'") indicating that it is the new audio
information channel device 23 for the synchrony group 20,
they will receive the audio and playback timing information
from the zone player 11(»') instead of the zone player 11(n),
using the multi-cast address provided by the zone player
11(»"). In addition, they can utilize the zone player 11(»')’s
unicast network address to obtain current time information
therefrom. It will be appreciated that the zone player 11(»')
will determine its current time in relation to the time stamp
that is provided by the zone player 11(n) (reference item (b)
above) or the current time information that it received from
the zone player 11(#) using the SNTP protocol as described
above. The zone player 11(»") will process successive audio
information files in the list that it receives from the zone
player 11(») (reference item (d)).

Operations performed by the zone players 11(x) and 11(»")
in connection with migration of the audio information chan-
nel device 23 for other types of audio information will be
apparent to those skilled in the art. In any case, preferably, the
zone player 11(») will continue operating as an audio infor-
mation channel device 23 for the synchrony group 20 for at
least a brief time after it notifies the zone player 11(»") that it
is to become audio information channel device for the syn-
chrony group, so that the zone player 11(»') will have time to
notify the zone players in the synchrony group 20 that it is the
new audio information channel device 23 for the synchrony
group.

Before proceeding further in describing operations per-
formed by the network audio system 10, it would be helpful to
provide a detailed description of a zone player 11(») con-
structed in accordance with the invention. FIG. 3 depicts a
functional block diagram of a zone player 11(z) constructed
in accordance with the invention. All of the zone players in the
network audio system 10 may have similar construction. With
reference to FIG. 3, the zone player 11(») includes an audio
information source interface 30, an audio information buffer
31, a playback scheduler 32, a digital to analog converter 33,
an audio amplifier 35, an audio reproduction device interface
36, a network communications manager 40, and a network
interface 41, all of which operate under the control of a
control module 42. The zone player 11(z) also has a device
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clock 43 that provides timing signals that control the general
operations of the zone player 11(»). In addition, the zone
player 11(») includes a user interface module interface 44 that
can receive control signals from the user interface module 13
(FIGS. 1 and 2) for controlling operations of the zone player
11(n), and provide status information to the user interface
module 13.

Generally, the audio information buffer 31 buffers audio
information, in digital form, along with playback timing
information. If the zone player 11(») is operating as the audio
information channel device 23 (FIG. 2) for a synchrony group
20, the information that is buffered in the audio information
buffer 31 will include the audio and playback timing infor-
mation that will be provided to the devices 21 and 22(g) in the
synchrony group 20. If the zone player 11(#) is operating as
the master device 21 or a slave device 22(g) for a synchrony
group, the information that is buffered in the audio informa-
tion buffer 31 will include the audio and playback timing
information that the zone player 11(») is to play.

The audio information buffer 31 can receive audio and
playback timing information from two sources, namely, the
audio information source interface 30 and the network com-
munications manager 40. In particular, if the zone player
11(») is operating as the audio information channel device 23
for a synchrony group 20, and if the audio information source
is a source 14(#)(s) connected to the zone player 11(»), the
audio information buffer 31 will receive and buffer audio and
playback timing information from the audio information
source interface 30. On the other hand, if the zone player
11(n) is operating as the audio information channel device 23
for a synchrony group 20, and if the audio information source
is a source 16(m) connected to the network 12, or a source
available over the wide area network, the audio information
buffer 31 will receive and buffer audio and playback timing
information from the network communications manager 40.
It will be appreciated that, if the zone player 11(z) is not a
member of the synchrony group, the zone player 11(z) will
not play this buffered audio and playback timing information.

Onyetanother hand, if the zone player 11(») is operating as
the master device 21 or a slave device 22(g) in a synchrony
group, and if the zone player 11(») is not also the audio
information channel device 23 providing audio and playback
timing information for the synchrony group 20, the audio
information buffer 31 will receive and buffer audio and play-
back timing information from the network communications
manager 40.

The audio information source interface 30 connects to the
audio information source(s) 14(n)(s) associated with the zone
player 11(r). While the zone player 11(») is operating as
audio information channel device 23 for a synchrony group
20, and if the audio information is to be provided by a source
14(n)(s) connected to the zone player 11(z), the audio infor-
mation source interface 30 will selectively receive audio
information from one of the audio information source(s)
14(n)(s) to which the zone player is connected and store the
audio information in the audio information buffer 21. If the
audio information from the selected audio information source
14(n)(s) is in analog form, the audio information source inter-
face 30 will convert it to digital form. The selection of the
audio information source 14(n)(s) from which the audio
information source interface 30 receives audio information is
under control of the control module 42, which, in turn,
receives control information from the user interface module
through the user interface module interface 44. The audio
information source interface 30 adds playback timing infor-
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mation to the digital audio information and buffers the com-
bined audio and playback timing information in the audio
information buffer 21.

More specifically, as noted above, the audio information
source interface 30 receives audio information from an audio
information source 14(z)(s), converts it to digital form if
necessary, and buffers it along with playback timing informa-
tion in the audio information buffer 21. In addition, the audio
information source interface 30 will also provide formatting
and scheduling information for the digital audio information,
whether as received from the selected audio information
source 14(n)(s) or as converted from an analog audio infor-
mation source. As will be made clear below, the formatting
and scheduling information will control not only playback by
the zone player 11(») itself, but will also enable other zone
players 11(»"), 11("), . . . that may be in a synchrony group
for which the zone player 11(») is the master device, to play
the audio program associated with the audio information in
synchrony with the zone player 11(n).

In one particular embodiment, the audio information
source interface 30 divides the audio information associated
with an audio work into a series of frames, with each frame
comprising digital audio information for a predetermined
period of time. As used herein, an audio track may comprise
any unit of audio information that is to be played without
interruption. On the other hand, an audio program may com-
prise a series of one or more audio tracks that are to be played
in succession. It will be appreciated that the tracks comprising
the audio program may also be played without interruption, or
alternatively playback between tracks may be interrupted by
aselected time interval. FIG. 4 schematically depicts an illus-
trative framing strategy used in connection with one embodi-
ment of the invention for a digital audio stream comprising an
audio work. More specifically, FIG. 4 depicts a framed digital
audio stream 50 comprising a sequence of frames 51(1)
through 51(F) (generally identified by reference numeral
51(f)). Each frame 51(f), in turn, comprises a series of audio
samples 52(f)(1) through 52(f)(S) (generally identified by
reference numeral 52(f)(s)) of the audio track. Preferably all
of the frames will have the same number “S” of audio
samples, although it will be appreciated from the following
that that is primarily for convenience. On the other hand, it
will be appreciated that, the number of audio samples may
differ from “S”; this may particularly be the case if the frame
51(f) contains the last audio samples for the digital audio
stream for a particular audio work. In that case, the last frame
51(F) will preferably contain samples 52(F)(1) through 52(F)
(x), where “x” is less than “S.” Generally, it is desirable that
the number of samples be consistent among all frames 51(f),
and in that case padding, which will not be played, can be
added to the last frame 51(F).

Associated with each frame 51(f) is a header 55(f) that
includes a number of fields for storing other information that
is useful in controlling playback of the audio samples in the
respective frame 51(f). In particular, the header 55(f) associ-
ated with a frame 51(f) includes a frame sequence number
field 56, an encoding type field 57, a sampling rate informa-
tion field 58, a time stamp field 60, an end oftrack flag 61, and
alength flag field 62. The header 55(f) may also include fields
(not shown) for storing other information that is useful in
controlling playback. Generally, the frame sequence number
field 56 receives a sequence number “f” that identifies the
relative position of the frame 51(f) in the sequence of frames
51(1)...51(f) . . . 51(F) containing the digital audio stream
50. The encoding type field 57 receives a value that identifies
the type of encoding and/or compression that has been used in
generating the digital audio stream. Conventional encoding
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or compression schemes include, for example, the well-
known MP3 and WAV encoding and/or compression
schemes, although it will be appreciated that other schemes
may be provided for as well. The sampling rate information
field 58 receives sampling rate information that indicates the
sampling rate for the audio samples 52(f)(s). As will be appar-
ent to those skilled in the art, the sampling rate determines the
rate at which the zone player 11(x) is to play the audio
samples 52(f)(s) in the frame, and, as will be described below,
determines the period of the digital to analog converter clock
34.

The condition of the end of work flag 61 indicates whether
the frame 51(f) contains the last digital audio samples for the
audio track associated with the framed digital audio work 50.
If the frame 51(f) does not contain the audio samples that are
associated with the end of the digital audio stream 50 for a
respective audio work, the end of work flag will be clear. On
the other hand, if the frame 51(f) does contain the audio
samples that are associated with the end of the digital audio
stream 50 for a respective audio work, the end of work flag 61
will be set. In addition, since the number of valid audio
samples 52(F)(s) in the frame 51(F), that is, the samples that
are not padding, may be less than “S,” the default number of
audio samples in a frame 51(f), the length flag field 62 will
contain a value that identifies the number of audio samples in
52(F)(s) in the last frame 51(F) of the audio work 50. If, as
noted above, the frames have a consistent number “S” of
samples, the samples 52(F)(x+1) through 52(F)(S) will con-
tain padding, which will not be played.

The time stamp field 60 stores a time stamp that identifies
the time at which the zone player 11() is to play the respec-
tive frame. More specifically, for each frame of a framed
digital audio stream 50 that is buffered in the audio informa-
tion buffer 21, the audio information source interface 30,
using timing information from the digital to analog converter
clock 34, will determine a time at which the zone player 11(z)
is to play the respective frame, and stores a time stamp iden-
tifying the playback time in the time stamp field 60. The time
stamp associated with each frame will later be used by the
playback scheduler 32 to determine when the portion of the
digital audio stream stored in the frame is to be coupled to the
digital to analog converter 33 to initiate play back. It will be
appreciated that the time stamps that are associated with
frames in sequential frames 51(1), 51(2), . . ., 51(F), will be
such that they will be played back in order, and without an
interruption between the sequential frames comprising the
digital audio stream 50. It will further be appreciated that,
after a time stamp has been determined for the first frame,
stored in frame 51(1), of a digital audio stream 50, the audio
information source interface 30 can determine time stamps
for the subsequent frame 51(2), 51(3), . . ., 51(F) in relation
to the number of samples “S” in the respective frames and the
sample rate. The time stamps will also preferably be such that
frames will be played back after some slight time delay after
they have been buffered in the audio information buffer 21;
the purpose for the time delay will be made clear below.

Returning to FIG. 3, in addition to dividing the digital
audio information into frames, the audio information source
interface 30 also aggregates and/or divides the frames 51(f) as
necessary into packets, each of which will be of a length that
would fit into a message for transmission over the network,
and associates each packet with a packet sequence number.
For example, if a packet will accommodate multiple frames
51(f), 51(f+1), . . . 51(f+y-1), it will aggregate them into a
packet and associate them with a packet number, for example
p(x). If the entire frames 51(f) and 51(f+y-1) was accommo-
dated in packet p(x), where “x” is the sequence number,

LINKPLAY EXHIBIT 1004
Page 4456 of 4822



US 9,213,357 B2

21

which will occur if the size of a packet is an exact multiple of
the frame size, the next packet, p(x+1) will begin with frame
51(f+y) and will include frames 51(f+y), . . . , 51(f+2 y-1).
Subsequent packets p(x+2), . . . will be formed in a similar
manner. On the other hand, if the packet length will not
accommodate an exact multiple of the frame size, the last
frame in the packet will be continued at the beginning of the
next packet.

If the audio information source interface 30 is aware of
track boundaries, which may be the case if the tracks are
divided into files, the packets will reflect the track boundaries,
that is, the packets will not contain frames from two tracks.
Thus, if the last frames associated with a track are insufficient
to fill a packet, the packet will contain padding from the last
frame associated with the track to the end of the packet, and
the next packet will begin with the first frames associated with
the next track.

In one embodiment, the audio information source interface
30 stores the packets in the audio information buffer 31 in a
ring buffer. As is conventional, a ring buffer includes a series
of storage locations in the buffer. Each entry will be sufficient
to store one packet. Four pointers are used in connection with
the ring buffer, a first pointer pointing to the beginning of the
ring buffer, a second pointer pointing to the end of the ring
buffer, an third “write” pointer pointing to the entry into
which a packet will be written and a fourth “read” pointer
pointing to the entry from which packet will be read for use in
playback. When a packet is read from the ring buffer for
playback, it will be read from the entry pointed to by the read
pointer. After the packet has been read, the read pointer will
be advanced. If the read pointer points beyond the end of the
ring buffer, as indicated by the end pointer, it will be reset to
point to the entry pointed to by the beginning pointer, and the
operations can be repeated.

On the other hand, when the audio information source
interface 30 stores a packet in the ring buffer, first determine
whether the entry pointed to by the write pointer points to the
same entry as the entry pointed to by the read pointer. If the
write pointer points to the same entry as the entry pointed to
by the read pointer, the entry contains at least a portion of a
packet that has not yet been read for playback, and the audio
information source interface 30 will delay storage of the
packet until the entire packet has been read and the read
pointer advanced. After the read pointer has been advanced,
the audio information source interface 30 can store the packet
in the entry pointed to by the write pointer. After the packet
has been stored, the audio information source interface 30
will advance the write pointer. If the write pointer points
beyond the end of the ring buffer, as indicated by the end
pointer, it will be reset to point to the entry pointed to by the
beginning pointer, and the operations can be repeated.

As noted above, the zone player 11(») can operate both as
an audio information channel device 23 and a member of the
synchrony group 20 of which it is a member. In that case, the
audio information buffer 31 can contain one ring buffer. On
the other hand, the zone player 11() can operate as an audio
information channel device 23 for one synchrony group 20(1)
(FIG.2A) and a member of another synchrony group 20(2). In
that case, the audio information buffer 31 would maintain two
ring buffers, one for the audio and timing information asso-
ciated with synchrony group 20(1), and the other for the audio
and timing information associated with synchrony group
20(2). It will be appreciated that, in the latter case, the zone
player 11(») will only use the audio and timing information
that is associated with synchrony group 20(2) for playback.

The playback scheduler 32 schedules playback of the audio
information that is buffered in the audio information buffer 31
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that is to be played by the zone player 11(). Accordingly,
under control of the playback scheduler 32, the digital audio
information that is buffered in the audio information buffer 21
that is to be played by the zone player 11(») is transferred to
the digital to analog converter 33 for playback. As noted
above, if the zone player 11(») is operating as an audio infor-
mation channel device 23 for a synchrony group 20 for which
it is not a member, the playback scheduler 32 will not sched-
ule the digital audio information that is to be played by that
synchrony group 20 for playback. The playback scheduler 32
only schedules the digital audio information, if any, that is
buffered in the audio information buffer 31 that is associated
with a synchrony group for which the zone player 11(») is a
member, whether as master device 21 or a slave device 22(g).

Essentially, the playback scheduler 32 makes use of the
read pointer associated with the circular buffer that contains
the audio and playback timing information that is to be played
by the zone player 11(r). The playback scheduler 32 retrieves
the packet information from the entry of the ring buffer
pointed to by the read pointer, and then advances the ring
pointer as described above. The playback scheduler 32 deter-
mines the boundaries of the frames in the packet and uses the
time stamps in the time stamp fields 60 associated with the
respective frame 51(f), along with timing information pro-
vided by the zone player 11(x)’s digital to analog converter
clock 34, to determine when the respective frame is to be
transferred to the digital to analog converter 33. Generally,
when the time stamp associated with a buffered digital audio
information frame corresponds to the current time as indi-
cated by the digital to analog converter clock 34, the playback
scheduler 32 will enable the respective frame to be transferred
to the digital to analog converter 33.

The digital to analog converter 33, also under control of the
digital to analog converter clock 34, converts the buffered
digital audio information to analog form, and provides the
analog audio information to the audio amplifier 35 for ampli-
fication. The amplified analog information, in turn, is pro-
vided to the audio reproduction devices 15(r)() through the
audio reproduction device interface 36. The audio reproduc-
tion devices 15(#)(r) transform the analog audio information
signal to sound thereby to provide the audio program to a
listener. The amount by which the audio amplifier 35 ampli-
fies the analog signal is controlled by the control module 42,
in response to volume control information provided by the
user through the user interface module 13.

The network communications manager 40 controls net-
work communications over the network 12, and the network
interface 41 transmits and receives message packets over the
network 12. The network communications manager 40 gen-
erates and receives messages to facilitate the transfer of the
various types of information described above in connection
with FIG. 2, including the channel device control informa-
tion, slave device control information, audio and playback
timing information and the audio information channel
device’s clock timing information. In connection with the
channel device control information and the slave device con-
trol information, the network communications manager 40
will generate messages for transfer over the network 12 in
response to control information from the control module 42.
Similarly, when the network communications manager 40
receives messages containing channel device control infor-
mation and slave device control information, the network
communications manager will provide the information to the
control module 42 for processing.

With regards to the audio information channel device’s
clock timing information, as noted above, the master device
21 and slave devices 22(g) of the synchrony group 20 obtain

LINKPLAY EXHIBIT 1004
Page 4457 of 4822



US 9,213,357 B2

23

the clock timing information from the audio information
channel device 23 using the well-known SNTP. If the zone
player 11(») is operating as the audio information channel
device 23 for a synchrony group, during the SNTP operation,
it will provide its current time, particularly a current time as
indicated by its digital to analog converter clock 34. On the
other hand, if the zone player 11(x) is operating as the master
device 21 or slave device 22(g) of a synchrony group 20, it
will receive the clock timing information from the audio
information channel device 23. After the respective device 21,
22(g) has obtained the audio information channel device’s
clock timing information, it will generate a differential time
value AT representing the difference between the time T
indicated by its digital to analog converter clock 34 and the
current time information from the audio information channel
device 23. The differential time value will be used to update
the time stamps for the frames of the digital audio stream 50
(FIG. 4) that are received from the audio information channel
device.

With regards to the audio and playback timing information,
operations performed by the network communications man-
ager 40 will depend on whether

(i) the audio and playback timing information has been
buffered in the audio information buffer 31 for transmission,
as audio information channel device 23, over the network 12
to the master device 21 and/or slave devices 22(g) of a syn-
chrony group, or

(i1) the audio and playback timing information has been
received from the network 12 to be played by the zone player
11(n) as either the master device 21 for a synchrony group or
a slave device in a synchrony group.

It will be appreciated that the network communications
manager 40 may be engaged in both (i) and (ii) contempora-
neously, since the zone player 11(») may operate both as the
audio information channel device 23(1) for a synchrony
group 20(1) (reference FIG. 2A) of which it is not a member,
and a member of another synchrony group 20(2) for which
another zone player 11(»') is the audio information channel
device 23(2). With reference to item (i) above, after a packet
that is to be transmitted has been buffered in the respective
ring buffer, the network communications manager 40
retrieves the packet, packages it into a message and enables
the network interface 41 to transmit the message over the
network 12. If the control module 42 receives control infor-
mation from the user interface module 13 (if the master
device 21 is also the audio information channel device 23 for
the synchrony group 20) or from the master device (if the
master device 21 is not the audio information channel device
23 for the synchrony group 20) that would require the trans-
mission of a “resynchronize” command as described above,
the control module 42 of the audio information channel
device 23 enables the network communications manager 40
to insert the command into a message containing the audio
and playback timing information. Details of the operations
performed in connection with the “resynchronize” command
will be described below. As noted above, the “resynchronize™
command is used if the user enables a synchrony group to
terminate the playback of a track that is currently being
played, or cancel playback of a track whose playback has not
begun.

On the other hand, with reference to item (ii) above, if
network interface 41 receives a message containing a packet
containing frames of audio and playback timing information
that the zone player 11(») is to play either as a master device
21 or a slave device for a synchrony group 20, the network
interface 41 provides the audio and playback timing informa-
tion to the network communications manager 40. The net-
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work communications manager 40 will determine whether
the packet contains a resynchronize command and, if so,
notify the control module 42, which will enable operations to
be performed as described below. In any case, the network
communications manager 40 will normally buffer the various
frames comprising the audio and playback timing informa-
tion in the audio information buffer 31, and in that operation
will generally operate as described above in connection with
the audio information source interface 30. Before buffering
them, however, the network communications manager 40 will
update their time stamps using the time differential value
described above. It will be appreciated that the network com-
munications manager 40 will perform similar operations
whether the messages that contain the packets were multi-
cast messages or unicast messages as described above

The updating of the time stamps by the master device 21
and the slave devices 22(g) in the synchrony group 20 will
ensure that they all play the audio information synchronously.
In particular, after the network communications manager 40
has received a frame 51(f) from the network interface 41, it
will also obtain, from the digital to analog converter clock 34,
the zone player 11(#)’s current time as indicated by its digital
to analog converter clock 34. The network communications
manager 40 will determine a time differential value that is the
difference between the slave device’s current clock time, as
indicated by its digital to analog converter 34, and the audio
information channel device’s time as indicated by the audio
information channel device’s clock timing information.
Accordingly, if the master or slave device’s current time has
avalue Tgand the audio information channel device’s current
time, as indicated by the clock timing information, has a value
T, the time differential value AT=T ;- T . If the current time
of the master or slave device in the synchrony group 20, as
indicated by its digital to analog converter clock 34, is ahead
of the audio information channel device’s clock time as indi-
cated by the clock timing information received during the
SNTP operation, the time differential value will have a posi-
tive value. On the other hand, if the master or slave device’s
current time is behind the audio information channel device’s
clock time, the time differential value AT will have a negative
value. If the zone player 11(x) obtains clock timing informa-
tion from the audio information channel device 23 periodi-
cally while it is a member of the synchrony group 20, the
network communications manager 40 can generate an
updated value for the time differential value AT when it
receives the clock timing information from the audio infor-
mation channel device 23, and will subsequently use the
updated time differential value.

The network communications manager 40 uses the time
differential value AT that it generates from the audio infor-
mation channel device timing information and zone player
11(r)’s current time to update the time stamps that will be
associated with the digital audio information frames that the
zone player 11(r) receives from the audio information chan-
nel device. For each digital audio information frame that is
received from the audio information channel device, instead
of storing the time stamp that is associated with the frame as
received in the message in the audio information buffer 21,
the network communications manager 40 will store the
updated time stamp with the digital audio information frame.
The updated time stamp is generated in a manner so that,
when the zone player 11(n), as a member of the synchrony
group plays back the digital audio information frame, it will
do so in synchrony with other devices in the synchrony group.

More specifically, after the zone player 11(z)’s network
interface 41 receives a message containing a packet that, in
turn, contains one or more frames 51(f), it will provide the

LINKPLAY EXHIBIT 1004
Page 4458 of 4822



US 9,213,357 B2

25

packet to the network communications manager 40. For each
frame 51(f) in the packet that the network communications
manager 40 receives from the network interface 41, the net-
work communications manager 40 will add the time differ-
ential value AT to the frame’s time stamp, to generate the
updated time stamp for the frame 51(f), and store the frame
51(f), along with the header 55(f) with the updated time stamp
in the audio information buffer 31. Thus, for example, if a
frame’s time stamp has a time value T, the network commu-
nications manager 40 will generate an updated time stamp
TY having a time value T =T +AT. Since time value T
according to the slave device’s digital to analog converter
clock 34 is simultaneous to the time value T according to the
audio information channel device’s digital to analog con-
verter clock 34, the zone player 11(») device will play the
digital audio information frame at the time determined by the
audio information channel device 23. Since all of the mem-
bers of the synchrony group 20 will perform the same opera-
tions, generating the updated time stamps T for the various
frames 51(f) in relation to their respective differential time
values, all of the zone players 11(z) in the synchrony group 20
will play them synchronously. The network communications
manager 40 will generate updated time stamps T} for all of
the time stamps 60 in the packet, and then store the packet in
the audio information buffer 31.

It will be appreciated that, before storing a packet in the
audio information buffer 21, the network communications
manager 40 can compare the updated time stamps T asso-
ciated with the frames in the packet to the slave device’s
current time as indicated by its digital to analog converter
clock 34. If the network communications manager 40 deter-
mines the time indicated by the updated time stamps of
frames 51(f) in the packet are earlier than the zone player’s
current time, it can discard the packet instead of storing it in
the audio information buffer 21, since the zone player 11(»)
will not play them. That is, if the updated time stamp has a
time value T that identifies a time that is earlier than the
zone player’s current time T s as indicated by the zone player’s
digital to analog converter clock 34, the network communi-
cations manager 40 can discard the packet.

Ifthe zone player 11(r) is operating as the master device 21
of a synchrony group 20, when the user, through the user
interface module 13, notifies the zone player 11(») that
another zone player 11(z') is to join the synchrony group 20 as
a slave device 22(g), the control module 42 of the zone player
11(») enables the network communications manager 40 to
engage in an exchange of messages, described above in con-
nection with FIG. 2, to enable the other zone player 11(»") to
jointhe synchrony group 20 as a slave device. As noted above,
during the message exchange, the messages generated by the
network communications manager 40 of the zone player
11() will provide the network communications manager of
the zone player 11(») that is to join the synchrony group 20
with information such as the multi-cast address being used by
the audio information channel device 23 that is providing the
audio program to the synchrony group 20, as well as a unicast
network address for the audio information channel device 23.
After receiving that information, the network communica-
tions manager and network interface of the zone player 11(»')
that is to join the synchrony group 20 can begin receiving the
multi-cast messages containing the audio program for the
synchrony group, engage in SNTP transactions with the audio
information channel device 23 to obtain the latter’s current
time, and also enable the audio information channel device 23
to send the zone player 11(»') frames 51(f) that it had previ-
ously broadcast using the unicast message transmission
methodology as described above.
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On the other hand, if the network communications man-
ager 40 and network interface 41 of the zone player 11(»)
receive a message over the network 12 indicating that it is to
become a slave device 22(g) of a synchrony group for which
another zone player 11(»") is the master device, the network
communications manager 40 for zone player 11(z) will pro-
vide a notification to the control module 42 of zone player
11(r). Thereafter, the control module 42 of zone player 11(x)
can enable the network communications manager 40 of zone
player 11(n) to perform the operations described above to
enable it to join the synchrony group 20.

As noted above, the user, using user interface module 13,
can enable the synchrony group to terminate playback of a
track of an audio program that is currently being played. After
playback of a track that is currently being played has been
terminated, playback will continue in a conventional manner
with the next track that has been buffered in the audio infor-
mation buffer 31. It will be appreciated that that could be the
next track that is on the original play list, or a previous track.
In addition, the user can enable the synchrony group 20 to
cancel playback of a track that it has not yet begun to play, but
for which buffering of packets has begun in the synchrony
group 20. Both of these operations make use of the “resyn-
chronize” command that the master device 21 of the syn-
chrony group 20 can enable the audio information channel
device 23 to include in the multi-cast message stream that it
transmits to the synchrony group 20. Generally, in response to
receipt of the resynchronize command, the members of the
synchrony group 20 flush the ring buffer containing the pack-
ets that they are to play in the future. In addition, if the
members of the synchrony group provide separate buffers for
their respective digital to analog converters 33, the members
will also flush those buffers as well. After the audio informa-
tion channel device transmits a packet containing the resyn-
chronize command:

(1) in the case of the use of the resynchronize command to
terminate playing of a track that is currently being played, the
audio information channel device 23 will begin multi-casting
packets for the next track, to begin play immediately, and will
continue through the play list in the manner described above;
and

(i1) in the case of the use of the resynchronize command to
cancel play of a track for which buffering has begun, but
which is to be played in the future, the audio information
channel device 23 will begin multi-casting packets for the
track after the track that has been cancelled, to be played
beginning at the time the cancelled track was to begin play,
and will also continue through the play list in the manner
described above.

It will be appreciated that,

(a) in the first case (item (i) directly above), the resynchro-
nize command can enable the read pointer to be set to point to
the entry in the circular buffer into which the first packet for
the next track will be written, which will correspond to the
entry to which the write pointer points, but

(b) in the second case (item (ii) directly above), the resyn-
chronize command can enable the write pointer for the circu-
lar buffer to be set to point to the entry that contains the first
packet for the track whose play is being cancelled.

It will further be appreciated that, if a track is cancelled for
which buffering has not begun, the resynchronize command
will generally not be necessary, since the audio information
channel device 23 for the synchrony group 20 need only
delete that track from the play list.

Operations performed in connection with use of the resyn-
chronize command to cancel playback of a track that is cur-
rently being played will be described in connection with
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Packet Sequence A below, and operations performed in con-
nection with the use of the resynchronize command to cancel
playback of a track that is has not yet begun to play, but for
which buffering of packets has begun, will be described in
connection with Packet Sequence B below.

Packet Sequence A
(A1.0) [packet 57]

(A1.1 [continuation of frame 99]

(A1.2) [frame 100, time=0:00:01, type=mp3 audio]
(A1.3) [frame 101, time=0:00:02, type=mp3 audio]
(A1.4) [frame 102, time=0:00:03, type=mp3 audio]
(A2.0) [packet 58]

(A2.1) [continuation of frame 102]

(A2.2) [frame 103, time=0:00:04, type=mp3 audio]
(A2.3) [frame 104, time=0:00:05, type=mp3 audio]
(A2.4) [frame 105, time=0:00:06, type=mp3 audio]
(A3.0) [packet 59]

(A3.1) [continuation of frame 105]

(A3.2) [frame 106, time=0:00:07, type=mp3 audio]
(A3.3) [frame 107, time=0:00:08, type=mp3 audio]
(A3.4) [frame 108, time=0:00:09, type=mp3 audio]
(A4.0) [packet 60]

(A4.1) [continuation of frame 108]

(A4.2) [frame 109, time=0:00:10, type=mp3 audio]
(A4.3) [Resynchronize command]

(A4.4) [Padding, if necessary]

(AS5.0) [packet 61]

(A5.1) [frame 1, time=0:00:07, type=mp3 audio]
(A5.2) [frame 2, time=0:00:08, type=mp3 audio]
(A5.3) [frame 3, time=0:00:09, type=mp3 audio]
(A5.4) [frame 4, time=0.00.10, type=mp3 audio]
(A6.0) [packet 62]

(A6.1) [continuation of frame 4]

(A6.2) [frame 5, time=0:00:11, type=mp3 audio]
(A6.3) [frame 6, time=0:00:12, type=mp3 audio]
(A6.4) [frame 7, time=0:00:13, type=mp3 audio]

Packet Sequence A comprises a sequence of six packets,
identified by packet 57 through packet 62, that the audio
information channel device 23 multi-casts in respective mes-
sages to the members of a synchrony group 20. It will be
appreciated that the series of messages that the audio infor-
mation channel device 23 may multi-cast to the synchrony
group 20 may include a messages prior to the packet 57, and
may also include messages after packet 62. Each packet com-
prises a packet header, which is symbolized by lines (A1.0),
(A2.0), . .. (A6.0) in Packet Sequence A, and will generally
also include information associated with at least a portion of
a frame. In the packets represented in Packet Sequence A,
each packet includes information associated with a plurality
of frames. Depending on the lengths of the packets, each
packet may contain information associated with a portion of
a frame, an entire frame, or multiple frames. In the illustration
represented by Packet Sequence A, it is assumed that each
packet may contain information associated with multiple
frames. In addition, it is assumed that a packet does not
necessarily contain information associated with an integral
number of frames; in that case, a packet may contain infor-
mation associated with a portion of a frame, and the next
packet will contain the information associated with the rest of
a frame.

The frames and associated header playback timing infor-
mation contained in the various packets are symbolized by
lines (A1.1), (A1.2),...,(Al14),(A2.1),...(A6.4) of Packet
Sequence A. Thus, for example, line (A1.2) of packet 57
represents the one-hundredth frame, that is, frame 51(100)
(reference FIG. 4), of the track whose audio information is
being transmitted in the sequence Of packets that includes
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packet 57. The frame 51(100) is to be played at an illustrative
time, according to the audio information channel device’s
digital to analog converter clock, of “time=0:00:01,” and the
frame is encoded and/or compressed using the well-known
MP3 encoding and compression methodology. In that case,
the legend“time=0:00:01" represents the time stamp that
would be included in field 60 (FIG. 4) of the header associated
with the frame 50(100) as multi-cast by the audio information
channel device for the synchrony group. It will be appreciated
that the playback time and encoding/compression methodol-
ogy will be referred in the header 55(100) that is associated
with the frame 51(100). It will also be appreciated that the
header may also contain additional information as described
above.

Similarly, line (A1.3) of packet 57 represents the one-
hundred and first frame, that is, frame 51(101), of the track
whose audio information is being transmitted in the sequence
of packets that includes packet 57. The frame 51(101) is to be
played at an illustrative time, according to the audio informa-
tion channel device’s digital to analog converter clock, of
“0:00:02,” and the frame is also encoded and/or compressed
using the MP3 encoding and compression methodology. Line
(A1.4) of packet 57 represents similar information, although
it will be appreciated that, depending on the length of packet
57, the line may not represent the information for an entire
frame 51(102) and/or its associated header. If the length of
packet 57 is not sufficient to accommodate the information
for the entire frame 51(102) and/or associated header, the
information will continue in packet 58, as represented by line
(A2.1)in Packet Sequence A. Similarly, ifthe length of packet
56 was not sufficient to contain the information for an entire
frame 51(99) preceding frame 51(100), packet 57 (lines
(A1.0) through 1.4) may contain any information from frame
51(99) that packet 56 was unable to accommodate.

As noted above, when the master device 21 or a slave
device 22(g) in the synchrony group 20 receives the packet
57, its respective network communications manager 40 will
update the time stamps associated with the various frames
51(f) as described above before buffering the respective
frames in the respective audio information buffer 31.

Packets 58 and 59 contain information that is organized
along the lines described above in connection with packet 57.

Packet 60 also contains, as represented by lines (A4.1) and
(A4.2), information that is organized along the lines of the
information represented by lines (Ax.1) and (Ax.2) (“x”
equals an integer) described above in connection with packets
57 through 59. On the other hand, packet 60 contains a resyn-
chronize command, as represented by line (A4.3). Packet 60
also may contain padding, as represented by line 4.4, follow-
ing the resynchronize command. As noted above, the master
device 21 of a synchrony group 20 will enable the audio
information channel device 23 that is providing audio infor-
mation to the synchrony group 20 to multi-cast a message
containing the resynchronize command when it receives noti-
fication from the user interface module 13 that the user wishes
to cancel playback of a track that is currently being played. In
the example depicted in Packet Sequence A, as will be
described below, the audio information channel device 23
receives notification from the master device 21 that the user
wishes to cancel playback of a track at a time corresponding
to “time=0:00:07" according to its digital to analog converter
clock 34, and, in line (A4.3) of packet 60 it will provide the
resynchronize command, followed by padding, if necessary.

As will be apparent from examining lines (A3.1) through
(A3.4) of packet 59 and lines (A4.1) and (A4.2) of packet 60,
although the audio information channel device 23 has
received the notification from the synchrony group’s master
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device 21 to multi-cast the resynchronize command at a time
corresponding to “time=0:00:07" according to the clock time
indicated by its digital to analog converter clock 34, it (that is,
the audio information channel device 23) has already multi-
cast messages containing frames that are to be played at that
time and subsequently. That is, the audio information channel
device 23 has, multi-cast in packet 59, frames 51(106)
through 51(108) that contain time stamps “time=0:00:07,”
“time=0:00:08" and “time=0:00:09,” respectively, and, in
packet 60, in addition to the continuation of frame 51(108),
frame 51(109) that contains time stamp “time=0:00:10." (It
will be appreciated that the times indicated by the illustrative
time stamps are for illustration purposes only, and that in an
actual embodiment the time stamps may have different values
and differentials.)

As noted above, the audio information channel device 23
multi-casts a message containing a packet that, in turn, con-
tains the resynchronize command when it receives the noti-
fication from the master device 21 to do so. In the example
depicted in Packet Sequence A, the packet will be multi-cast
when the audio information channel device’s digital to analog
converter clock time corresponds to “0:00:07.” Subsequently,
two things happen. In one, aspect, when the master device 21
and slave devices 22(g) receive the packet that contains the
resynchronize command, they will stop playing the audio
program that they are playing.

In addition, the audio information channel device 23 will
begin transmitting frames containing audio information for
the next track, including therewith time stamps immediately
following the digital to analog converter clock time at which
the packet including the resynchronize command was trans-
mitted. Accordingly, and with further reference to Packet
Sequence A, the audio information channel device 23 will
multi-cast a message containing packet 61. As indicated
above, packet 61 contains, as represented in lines (A5.1)
through (AS5.3), frames 51(1) through 51(3), which are the
first three frames of the next track of the audio program that is
to be played. It is also compressed and encoded using the
MP3 encoding and compression scheme, and it is accompa-
nied by time stamps “time=0:00:07,” “time=0:00:08" and
“time=0:00:10." As noted above, the time stamp “time=0:00:
07 corresponds to the clock time at which the audio infor-
mation channel device 23 multi-casts the resynchronize com-
mand, and, when the master device 21 and slave devices 22(g)
receive these frames, they would be expected to begin playing
them very shortly, if not immediately after the audio infor-
mation channel device 23 multi-casts the message containing
the packet that, in turn, contains the resynchronize command.
Packet 61 also includes at least a portion of the next frame,
that is, frame 51(4), for that track. In addition, Packet
Sequence A depicted above further includes a subsequent
packet, namely, packet 62, that contains any necessary con-
tinuation of frame 51(4), as well as three subsequent frames.
If any additional packets are required for the track, as well as
for subsequent tracks, they can be multi-cast in a similar
manner.

As further noted above, the resynchronize command can
also be used to cancel playing of one or more tracks for which
playback has begun. This will be illustrated in connection
with Packet Sequence B:

Packet Sequence B
(B1.0) [packet 157]

(B1.1) [continuation of frame 99]

(B1.2) [frame 100, time=0:00:01, type=mp3 audio]
(B1.3) [frame 101, time=0:00:02, type=mp3 audio]
(B1.4) [frame 102, time=0:00:03, type=mp3 audio]
(B2.0) [packet 158]
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(B2.1) [continuation of frame 102]

(B2.2) [frame 103, time=0:00:04, type=mp3 audio]
(B2.3) [frame 104, time=0:00:05, type=mp3 audio]
(B2.4) [frame 105, time=0:00:06, type=mp3 audio]
(B3.0) [packet 159]

(B3.1) [continuation of frame 105]

(B3.2) [frame 106, time=0:00:07, type=mp3 audio]
(B3.3) [track boundary notification]

(B3.4) [Padding, if necessary]

(B4.0) [packet 160]

(B4.1) [frame 1, time=0:00:08, type=mp3 audio]
(B4.2) [frame 2, time=0:00:09, type=mp3 audio]
(B4.3) [frame 3, time=0:00:10, type=mp3 audio]
(B5.0) [packet 161]

(B5.1) [continuation of frame 3]

(B5.2) [frame 4, time=0:00:11, type=mp3 audio]
(B5.3) [Resynchronize, after packet 159]

(B5.4) [Padding, if necessary]

(B6.0) [packet 162]

(B6.1) [frame 1, time=0:00:08, type=mp3 audio]
(B6.2) [frame 2, time=0:00:09, type=mp3 audio]
(B6.3) [frame 3, time=0:00:10, type=mp3 audio]
(B6.4) [frame 4, time=0:00:11, type=mp3 audio]
(B7.0) [packet 163]

(B7.1) [continuation of frame 4]

(B7.2) [frame 5, time=0:00:12, type=mp3 audio]
(B7.3) [frame 6, time=0:00:13, type=mp3 audio]
(B7.4) [frame 7, time=0:00:14, type=mp3 audio]

Packet Sequence B comprises a series of seven packets,
identified by packet 157 through 163, that the audio informa-
tion channel device 23 multi-casts to the members of a syn-
chrony group 20. As with Packet Sequence A, it will be
appreciated that the series of packets that the audio informa-
tion channel device 23 may multi-cast to the synchrony group
20 may include packets prior to the packet 157, and may also
include packets after packet 162. Each packet comprises a
packet header, which is symbolized by lines (B1.0),
(B2.0), . . . (B7.0) in Packet Sequence B. As in Packet
Sequence A, each packet will also generally include informa-
tion associated with at least a portion of a frame 51(f) along
with its associated frame 55(f). As in the packets represented
in Packet Sequence A, each packet includes information asso-
ciated with a plurality of frames. Depending on the lengths of
the packets, each packet may contain information associated
with a portion of a frame, an entire frame, or multiple frames.
Further, as with Packet Sequence A, it is assumed that each
packet may contain information associated with multiple
frames. In addition, it is assumed that a packet does not
necessarily contain information associated with an integral
number of frames; in that case, a packet may contain infor-
mation associated with a portion of a frame, and the next
packet will contain the information associated with the rest of
a frame.

The structures of the packets represented by Packet
Sequence B are similar to those described above in connec-
tion with Packet Sequence A, and will not be repeated here.
Generally, Packet Sequence B illustratively contains a
sequence of packets that represent at least portions of three
tracks that may have been selected from, for example, a play
list. In particular, packets 157 through 159 represent frames
from a portion of one track, packets 160 and 161 represent
frames from a second track and packets 162 and 163 represent
frames from a third track. The play list indicated that the first,
second and third tracks were to be played in that order. With
particular reference to Packet Sequence B, it should be noted
that line (B3.3) indicates that packet 159 includes an indica-
tion that that packet contains the last frame for the track, and
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line (B3.4) provides for padding to the end of the packet. The
first frame of the next track begins in packet 160.

In connection with the use of the resynchronize command
to cancel playback of a track, at least a portion of which the
audio information channel device 23 has multi-cast to the
members of the synchrony group, packet 161, in line (B5.3)
represents a resynchronize command that indicates that
resynchronization is to occur after packet 159, that is, imme-
diately after the packet that contains the last frame of the first
of the three tracks represented by the packets in Packet
Sequence B. It should be noted that the resynchronize com-
mand is in the packet 161, while the resynchronization is to
occur at packet 160, that is, the synchrony group is to not play
the track starting with packet 160, but instead is to begin
playing the track frames for which begin with the next packet,
that is, packet 162. As with Packet Sequence A, in Packet
Sequence B the audio information channel device 23, in
packet 162 and 163, multi-casts frames whose time stamps
indicate that they are to be played when the frames that were
multi-cast in packets 160 and 161 were to be played. By use
of'the resynchronize command and specifying a packet in this
manner, the audio information channel device can cancel
playback of a track for which playback has not yet begun.

It will be appreciated that the resynchronize command is
generally not necessary for cancelling play back of a track
that the audio information channel device 23 has not started
multi-casting to the synchrony group 20, since the audio
information channel device 23 itself can re-order the play list
to accommodate the cancellation.

The invention provides a number of advantages. In particu-
lar, the invention provides a network audio system in which a
number of devices share information can reproduce audio
information synchronously, notwithstanding the fact that
packets, which may contain digital audio information, trans-
mitted over the network to the various zone players connected
thereto may have differing delays and the zone players oper-
ate with independent clocks. Moreover, although the inven-
tion has been described in connection with audio information,
it will be appreciated that the invention will find utility in
connection with any type of isochronous information for
which synchrony among devices is desired. The system is
such that synchrony groups are created and destroyed
dynamically, and in such a manner as to avoid requiring a
dedicated device as the master device.

It will be appreciated that a number of changes and modi-
fications may be made to the network audio system 10 as
described above. For example, although the invention has
been described as providing that the audio information chan-
nel device 23 provides digital audio information to the mem-
bers synchrony group 20 that has been encoded using particu-
lar types of encoding and compression methodologies, it will
be appreciated that the audio information channel device 23
can provide digital audio information to various members of
the synchrony group 20 that have been encoded and com-
pressed using different types of encoding and compression
methodologies, and, moreover, for which different sampling
rates have been used. For example, the audio information
channel device 23 may provide digital audio information to
the master device 21 and slave devices 22(1) through 22(g;)
using the MP3 methodology at a specified sampling rate, the
digital audio information for the same program to slave
devices 22(g,+1) through 22(g,) using the WAV methodol-
ogy at one specified sampling rate, and to slave devices
22(g,+1) through 22(G) using the WAV methodology at
another specified sampling rate. In that case, the audio infor-
mation channel device 23 can specify the particular encoding
and compression methodology that has been used in the
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encoding type field 57 associated with each frame and the
sampling rate in the sampling rate field 58. Moreover, since
the encoding and compression type and sampling rate are
specified for each frame, the encoding and compression type
and sampling rate can be changed from frame to frame. The
audio information channel device 23 may use different multi-
cast addresses for the different encoding and compression
types and sampling rates, but it will be appreciated that that
would not be required.

It will be appreciated that two advantages of providing that
the encoding and compression methodology and the sam-
pling rate is provided on a frame-by-frame basis, instead of
on, for example, a track-by-track basis, is that that would
facilitate a slave device joining the synchrony group 20 at a
frame mid-track, without requiring, for example, the master
device 21 or the audio information channel device 23 to notify
it of the encoding and compression methodology or the sam-
pling rate.

Another modification is that, instead of the network com-
munications manager 40 of a member of a synchrony group
20 generating the updated time stamp T“,. for a digital audio
information frame by adding the time differential value AT to
the time stamp T associated with a frame, the network com-
munications manager 40 may instead generate the updated
time stamp TY, by subtracting the differential time value AT
from the member’s current time T as indicated by the mem-
ber’s digital to analog converter clock 34 at the time at which
the digital audio information is received. It will be appreci-
ated, however, that there may be variable time delays in
processing of messages by the slave device’s network com-
munications manager 40, and so it may be preferable to
generate the time differential value AT using the time stamp
T, provided by the audio information channel device 23.

In addition, instead of the network communications man-
ager 40 of a member of a synchrony group generating an
updated time stamp to reflect the difference between the times
indicated by the member’s digital to analog converter clock
and the audio information channel device’s digital to analog
converter clock, the network communications manager 40
can generate the time differential value AT and provide it to
the member’s playback scheduler 32. In that case, the mem-
ber’s network communications manager 40 can store each
digital audio information frame along with the time stamp T,
as received from the master device in the audio information
buffer 21. The playback scheduler 32 can utilize the time
differential value AT, and the time stamps T - associated with
the digital audio information frames, to determine when the
respective digital audio information frames are to be played.
In determining when a digital audio information frame is to be
played, the playback scheduler can add the time differential
value to the time stamp T associated with the digital audio
frame, and enable the digital audio frame to be coupled to the
digital to analog converter 33 when the time indicated by the
sum corresponds to the current time as indicated by the slave
device’s digital to analog converter clock 34. Alternatively,
when the member’s digital to analog converter clock 34
updates its current time T, the playback scheduler can gen-
erate an updated current time T'g by subtracting the differen-
tial time value AT from the current time T, and using the
updated current time T'; to determine when to play a digital
audio information frame.

As described above, the members of a synchrony group 20
periodically obtain the audio information channel device’s
current time value and uses the current time value that it
receives from the audio information channel device to peri-
odically update the time differential value AT that it uses in
updating the time stamps associated with the various frames.
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It will be appreciated that, if the digital to analog converter
clock(s) associated with the member(s) of a synchrony group
20 are ensured to have the same rate as the digital to analog
converter clock, a member need only obtain the current time
value from the audio information channel device once, at the
beginning of playback.

As another alternative, if the zone players are provided
with digital to analog converter clock 34 whose time and rate
can be set by an element such as the network communications
manager 40, when a zone player 11(r) is operating as a
member of a synchrony group 20, its network communica-
tions manager 40 can use the various types of timing infor-
mation that it receives from the audio information channel
device 23, including the current time information and the
playback timing information indicated by the time stamps
that are associated with the various frames 51(f) comprising
the audio and playback timing information that it receives, to
adjust the synchrony group member’s digital to analog con-
verter clock’s time value and/or the clock rate that it uses for
playback. If the clock’s time value is to be adjusted, when the
synchrony group member’s network communications man-
ager 40 initially receives the current time information from
the audio information channel device 23 for the synchrony
group 20, the network communications manager 40 can set
the synchrony group member’s digital to analog converter
clock 34 to the current time value as indicated by the audio
information channel device’s current time information. The
network communications manager 40 can set the clock 34 to
the current time value indicated by the audio information
channel device’s current time information once, or periodi-
cally as it receives the current time information.

Alternatively or in addition, the synchrony group mem-
ber’s network communications manager 40 can use one or
both of the current time information and/or the playback
timing information in the time stamps associated with the
respective frames 51(f) to adjust the clock rate of the clock 34
that it uses for playback. For example, when the synchrony
group member’s network communications manager 40
receives a frame 51(f%) having a time stamp having a time
value T, it can generate the updated time value TUfX =T, +AT
as described above, and store the frame with the time stamp
with the updated time value in the audio information buffer
30. In addition, since both the number of samples in a frame
and the sampling rate, which determines the rate at which the
frame is to be played, are known to the network communica-
tions manager 40, it can use that information, along with the
updated time Value TV, . that is to be used for frame 51(fy) to
generate an expected updated time value T% ‘4, that is
expected for the updated time stamp of the next frame
51(fy,,). After the synchrony group member’s network com-
munications manager 40 receives the next frame 51(fy, ), it
can generate the updated time value TUf and compare that
value to the expected updated time value T .Ifthetwo time
values do not correspond, or if the difference f)etween them is
above a selected threshold level, the clock that is used by the
audio information channel device 23 to generate the time
stamps is advancing at a different rate than the synchrony
group member’s digital to analog converter clock 34, and so
the network communications manager 40 can adjust the rate
of'the digital to analog converter clock 34 to approach that of
the clock used by the audio information channel device 23 so
that the differential time value AT is constant. On the other
hand, if the two time values do correspond, then the time
differential value AT is constant, or the difference is below a
threshold level, and the network communications manager 40
need not change the clock rate of the digital to analog con-
verter clock 34. It will be appreciated that, if the clock rate is
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to be adjusted, the rate adjustment can be fixed, or it can vary
based on; for example, the difference between the updated
time value TUf)m and the expected updated time value T et

It will also be appreciated that, if no rate adjustment is
performed for one frame 51(f, , ), the synchrony group mem-
ber’s network communications manager 40 can generate an
expected updated time value T that is expected for the
updated time stamp of the next frame 51(f+,,) using the
updated time value TY,, ry determined for frame 51(fy), along
with the number of samples in a frame and the sampling rate,
and compare the expected updated time value T* s, 1O the
updated time value TY, fu, that it generates when it receives
frame 51(f,,,). At that p01nt, if the network communications
manager 41 determines that two time values do not corre-
spond, or if the difference between them is above a selected
threshold level, it can adjust the rate of the digital to analog
converter clock 34. Similar operations can be performed if no
rate adjustment is performed for several successive frames
51(fx.1) 51(f), - - - - This will accommodate the possibility
that the rate differential between the clock 34 and the clock
used by the audio information channel device 23 in generat-
ing the time stamps have rates that differ by an amount suf-
ficiently small that it cannot be detected using time stamps of
two or more successive frames.

Instead or in addition to adjusting the clock rate as
described above, the synchrony group member’s network
communications manager 40 can perform similar operations
in connection with adjusting the clock rate in connection with
the current time information that it receives from the audio
information channel device 23.

Furthermore, although the network audio system 10 has
been described such that the master device 21 of a synchrony
group 20 can, in response to control information provided
thereto by a user through the user interface module 13, pro-
vide a notification to a zone player 11(») that it is to become
a member of its synchrony group 20 as a slave device 22(g),
it will be appreciated that the user interface module 13 can
provide the notification directly to the zone player 11(») that
is to become a member of the synchrony group 20. In that
case, the zone player 11(x) can notify the master device 21
that it is to become a slave device 22(g) in the synchrony
group 20, after which the master device 21 can provide infor-
mation regarding the synchrony group 20, including the
multi-cast and unicast addresses of the audio information
channel device and other information as described above.

Similarly, although the network audio system 10 has been
described such that the master device 21 of a synchrony group
20 can, in response to control information provided thereto by
a user through the user interface module 13, provide a com-
mand to a slave device 22(g) to enable the slave device 22(g)
to adjust its volume, it will be appreciated that the user inter-
face module 13 can provide control information directly to
the slave device 22(g) to enable the slave device 22(g) to
adjust its volume.

In addition, although the network audio system 10 has been
described such that each frames 51(f) is associated with a
frame sequence number (reference field 56, FIG. 4), it will be
appreciated that, if the packets described above in connection
with Packet Sequence A and Packet Sequence B are provided
with packet sequence numbers, the frame sequence numbers
need not be provided, since the packet sequence numbers can
suffice for defining the frame sequencing.

Furthermore, although the network audio system 10 has
been described such that the zone players 11(») are provided
with an audio amplifier 35 for amplifying the analog signal
provided by the respective digital to analog converters 33, it
will be appreciated that a zone player may be provided that
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does not itself include an audio amplifier. In that case, the
analog signal may be coupled to an external amplifier for
amplification as necessary before being provided to the audio
reproduction device(s) 15(n)(r). It will be appreciated that a
single zone player 11() may be provided with multiple audio
amplifiers and audio reproduction device interfaces, and, if
necessary, multiple digital to analog converters 33, to provide
audio programs for corresponding numbers of synchrony
groups.

Similarly, although the zone players 11(z) have been
described such that they may be connected to one or more
audio information sources, it will be appreciated that an audio
information source may form part of and be integrated into a
zone player 11(n). For example, a zone player may include a
compact disk player, cassette tape player, broadcast radio
receiver, or the like, that has been integrated into it. In addi-
tion, as noted above, an individual zone player 11() may be
connected to multiple audio information sources and may
contemporaneously operate as the audio information channel
device 23 for multiple synchrony groups.

In addition, although FIG. 1 shows the network audio
system 10 as including one user interface module 13, it will be
appreciated that the system 10 may include a plurality of user
interface modules. Each user interface module be useful for
controlling all of the zone players as described above, or
alternatively one or more of the user interface modules may
be useful for controlling selected subsets of the zone players.

Moreover, it will be appreciated that, although the inven-
tionhas been described in connection with audio information,
it will be appreciated that the invention will find utility in
connection with any type of information for which synchrony
among devices connected to a network is desired.

As noted above, while a zone player 11(%) is operating as
audio information channel device 23 for a synchrony group
20, when the zone player 11(»)’s audio information source
interface 30 or network communications manager 40 stores
digital audio information frames based on audio information
from an audio information source 14(%)(s) in the audio infor-
mation buffer 31, it will provide time stamps for the respec-
tive frames to schedule them for playback after some time
delay after they have been buffered in the audio information
buffer31. The delay is provided so that, for other zone players
11(»"), 11(n"), . . . that are operating as members of a syn-
chrony group, there will be sufficient time for the audio and
playback timing information to be transferred over the net-
work 12 to those other zone players 11(#'), 11(»"), . . . so that
it can be processed and played by them at the appropriate time
as described above. The time period that is selected for the
time delay may be fixed or variable, and in either case may be
based on a number of factors. If the time period selected for
the time delay is fixed, it may be based on, for example,
factors such as an estimate of the maximum latency in the
network 12, the estimated maximum loading of the various
components comprising the zone players 11(n), and other
estimates as will be appreciated by those skilled in the art.

The time delay may be the same for audio information from
all types of audio information sources, and may be constant
over the entire period that the synchrony group 20 is playing
an audio work. Alternatively, different time delays may be
utilized based on various criteria. For example, if the audio
information is to be played independently of information
associated with other types of media, the time delay may be
selected to be relatively long, on the order of a significant
fraction of a second, or longer. On the other hand, if the audio
information is to be played contemporaneously with, for
example, video information, which may be supplied by, for
example, a video disk, video tape cassette, over cable, satel-
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lite, or broadcast television, which may not be buffered or
which may be displayed independently of the network audio
system 10, it may be undesirable to provide for such a lengthy
delay, since the time delay of the audio playback, in relation
to the video display, may be noticeable. In that case, the zone
player 11(») may provide for a much shorter time delay. In
one embodiment, the time delay provided for audio informa-
tion to be played concurrently with video information is
selected to be generally on the order of fifty milliseconds,
which would barely, if at all, be perceptible to someone view-
ing the video. Other desirable time delays for information
from other types of sources will be apparent to those skilled in
the art.

As yet a further possibility, the zone player 11(»), when
operating as an audio information channel device 23 for a
synchrony group 20, can dynamically determine the time
delay based on a number of conditions in the network audio
system 10, including, for example, the message transfer
latency in network 12, the loading of microprocessors or
other components that are used in the various zone players
11(»"), 11(»"), . . . that may comprise a synchrony group 20, as
well as other factors. For example, if the audio information
channel device 23 determines that the latency in the network
12 has increased beyond a selected threshold, the audio infor-
mation channel device 23 can adjust the delay to increase the
likelihood that the members of the synchrony group 20 will be
able to receive the packets and process the frames so that they
will be able to play them at the appropriate times. Similarly, if
the audio information channel device 23 is notified that a
member of the synchrony group 20 to which it provides audio
information requires additional time to receive and process
the frames that it transmits, the audio information channel
device 23 can adjust the delay accordingly. It will be appre-
ciated that, to reduce or minimize possible discontinuities in
the audio playback by the members of the synchrony group,
the audio information channel device 23 can, instead of
adjusting the time delay during a particular audio track, adjust
the time delay between tracks, during silent periods of a track
or otherwise as will be appreciated by those skilled in the art.
In addition, the audio information channel device 23 can use
conventional audio compression methodologies to facilitate a
speeding up and/or slowing down of playback of an audio
track while it is in the process of providing additional time
delay. Generally, the members of the synchrony group 20 can
provide notifications to the audio information channel device
23 if they determine that they will need an additional time
delay, and the audio information channel device 23 can adjust
the time delay in accordance with the notifications from the
members of the synchrony group 20.

It will be appreciated that a system in accordance with the
invention can be constructed in whole or in part from special
purpose hardware or a general purpose computer system, or
any combination thereof, any portion of which may be con-
trolled by a suitable program. Any program may in whole or
in part comprise part of or be stored on the system in a
conventional manner, or it may in whole or in part be provided
in to the system over a network or other mechanism for
transferring information in a conventional manner. In addi-
tion, it will be appreciated that the system may be operated
and/or otherwise controlled by means of information pro-
vided by an operator using operator input elements (not
shown) which may be connected directly to the system or
which may transfer the information to the system over a
network or other mechanism for transferring informationin a
conventional manner.

The foregoing description has been limited to a specific
embodiment of this invention. It will be apparent, however,
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that various variations and modifications may be made to the
invention, with the attainment of some or all of the advantages
of the invention. It is the object of the appended claims to
cover these and such other variations and modifications as
come within the true spirit and scope of the invention.
What is claimed as new and desired to be secured by
Letters Patent of the United States is:
1. A method comprising:
receiving, by a first playback device from a network device
configured to control the first playback device and com-
municatively coupled to the first playback device over a
local area network (LAN), control information compris-
ing an address identifying a location of audio informa-
tion available at an audio information source, wherein
the audio information source is outside of the LAN; and

after receiving the control information (i) obtaining, by the
first playback device from the audio information source
outside of the LAN, the audio information; (ii) transmit-
ting, by the first playback device to a second playback
device, the audio information, playback timing informa-
tion associated with the audio information, and device
clock information of the first playback device; and (iii)
playing back, by the first playback device, the audio
information in synchrony with the second playback
device by using the playback timing information asso-
ciated with the audio information and the device clock
information of the first playback device to play back the
audio information, wherein the first and second play-
back devices remain independently clocked during syn-
chronous playback of the audio information.

2. The method of claim 1, further comprising:

after receiving the control information, additionally (i)

generating, by the first playback device, the playback
timing information associated with the audio informa-
tion; and (ii) generating, by the first playback device, the
device clock information of the first playback device.

3. The method of claim 1, wherein the control information
further comprises one or more instructions for the first play-
back device and the second playback device to playback
audio information.

4. The method of claim 3, wherein the first and second
playback devices are members of a synchrony group, and
wherein the method further comprises:

transmitting, by the first playback device to the network

device, status information that comprises a status of the
synchrony group.

5. The method of claim 4, wherein the status information
further comprises an identification of each playback device in
the synchrony group.

6. The method of claim 5, wherein the status information
further comprises an identification of a master playback
device of the synchrony group.

7. The method of claim 6, wherein the first playback device
is the master playback device of the synchrony group.

8. A tangible non-transitory computer-readable medium
having instructions stored thereon that, when executed, cause
a first playback device to:

receive, from a network device configured to control the

first playback device and communicatively coupled to
the first playback device over a local area network
(LAN), control information comprising an address iden-
tifying a location of audio information available at an
audio information source, wherein the audio informa-
tion source is outside of the LAN; and

after receiving the control information, (i) obtain, from the

audio information source outside of the LAN, the audio
information; (ii) transmit, to a second playback device,
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the audio information, playback timing information
associated with the audio information, and clock time
information for the first playback device; and (iii) play
back the audio information in synchrony with the second
playback device by using the playback timing informa-
tion associated with the audio information and the clock
time information of the first playback device to play
back the audio information, wherein the first and second
playback devices remain independently clocked during
synchronous playback of the audio information.

9. A first playback device comprising:

one or mMore processors;

a network interface; and

tangible, non-transitory computer-readable memory com-

prising program instructions that, when executed by the

one or more processors, cause the first playback device

to:

receive, via the network interface from a network device
configured to control the first playback device and
communicatively coupled to the first playback device
over a local area network (LAN), control information
comprising an address identifying a network location
of'audio information available at an audio information
source, wherein the audio information source is out-
side of the LAN; and

after receiving the control information, (i) obtain, via the
network interface from the audio information source
outside of the LAN, the audio information; (ii) trans-
mit, via the network interface of the first playback
device to a second playback device, the audio infor-
mation, playback timing information associated with
the audio information, and device clock information
of the first playback device; and (iii) play back the
audio information in synchrony with the second play-
back device by using the playback timing information
associated with the audio information and the device
clock information of the first playback device to play
back the audio information, wherein the first and sec-
ond playback devices remain independently clocked
during synchronous playback of the audio informa-
tion.

10. The first playback device of claim 9, wherein the pro-
gram instructions, when executed by the one or more proces-
sors, further cause the first playback device to:

generate the playback timing information associated with

the audio information; and

generate the device clock information of the first playback

device.

11. The first playback device of claim 9, wherein the con-
trol information further comprises one or more instructions
for the first playback device and the second playback device
to playback audio information.

12. The first playback device of claim 11, wherein the first
and second playback devices are members of a synchrony
group, and wherein the program instructions, when executed
by the one or more processors, further cause the first playback
device to:

transmit, to the network device, status information that

comprises a status of the synchrony group.

13. The first playback device of claim 12, wherein the
status information further comprises an identification of each
playback device in the synchrony group.

14. The first playback device of claim 12, wherein the
status information further comprises an identification of a
master playback device of the synchrony group.
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15. The first playback device of claim 14, wherein the first
playback device is the master playback device of the syn-
chrony group.

16. The first playback device of claim 12, wherein the
status information further comprises an identification of one
or more slave playback devices in the synchrony group, and
wherein the second playback device is one of the one or more
slave playback devices in the synchrony group.

17. The first playback device of claim 16, wherein the
instructions, when executed by the one or more processors,
further cause the first playback device to:

generate a plurality of frames, wherein an individual frame

comprises at least a portion of the audio information and
the playback timing information associated with the
audio information, and wherein the first playback device
transmitting to the second playback device the audio
information, playback timing information, and device

5

40

clock information of the first playback device comprises
transmitting the plurality of frames to the second play-
back device.

18. The first playback device of claim 9, wherein the audio
information comprises one of audio files or packetized
streaming audio information.

19. The first playback device of claim 9, wherein the audio
information source outside of the LAN is an Internet-acces-
sible audio information source, and wherein obtaining, from
the audio information source outside of the LAN, the audio
information, comprises obtaining the audio information from
the Internet-accessible audio information source.

20. The first playback device of claim 9, wherein obtaining,
from the audio information source outside of the LAN, the
audio information, comprises sending, to the audio informa-
tion source, a request for the audio information.

* & £ * *
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informaticn is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is veluntary; and (3) the
principal purpese for which the information is used by the U_S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records
from this system of records may be disclosed to the Department of Justice to determine
whether disclosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures
to oppesing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when
the individual has requested assistance from the Member with respect to the subject matter
of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 3 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of
the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of recerds may be disclosed, as a routine use, to the
Administrator, General Services, or his/her designee, during an inspection of records
conducted by GSA as part of that agency's responsibility to recommend improvements in
records management practices and programs, under authority of 44 U.S.C. 2904 and 2906.
Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce)
directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may ke disclosed, subject to the limitations of
37 CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of reccrds may be disclosed, as a routine use, to a Federal,
State, or local law enforcement agency, if the USPTC becomes aware of a violation or
potential viclation of law or regulation.
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Document Description: Information Disclosure Statement filed

Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PTO/SB/42 (07-09)

Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U. S. DEPARTMENT OF COMMERCE

Docket Number (Optional) Patent Number
131131.00049.005 9,213,357
37 CFR 1.501 Aopicant
INFORMATION DISCLOSURE CITATION | sonos, Inc.
IN A PATENT ssue Date ATt Unit
(Sheet_2 of 2 ) December 15, 2015 2442
U.S. PATENT DOCUMENTS
EXAMINER DOCUMENT NUMBER DATE NAME CLASS SUBCLASS FILING DATE
INITIAL IF APPROPRIATE
FOREIGN PATENT DOCUMENTS
DOCUMENT NUMBER DATE COUNTRY CLASS SUBCLASS TRANSLATION
YES NG
OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.)
Niederst, Web Design in a Nutshell, 9/2001
Schulzrinne et al., Real Time Streaming Protocel (RTSP), 4/1998
Schulzrinne et al., RTP: A Transport Protocol for Real-Time Applications. 1/1996
Potter Anderson & Corroon LLP, Supplemental Opening Brief on Claims Construction, 3/3/2017
EXAMINER DATE CONSIDERED

This collection of information is required by 37 CFR 1.501. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process} an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-5679) requires that you be given certain information in connection with
your submission of the attached form related te a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
informaticn is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is veluntary; and (3) the
principal purpese for which the information is used by the U_S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records
from this system of records may be disclosed to the Department of Justice to determine
whether disclosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures
to oppesing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when
the individual has requested assistance from the Member with respect to the subject matter
of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 3 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of
the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of recerds may be disclosed, as a routine use, to the
Administrator, General Services, or his/her designee, during an inspection of records
conducted by GSA as part of that agency's responsibility to recommend improvements in
records management practices and programs, under authority of 44 U.S.C. 2904 and 2906.
Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce)
directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may ke disclosed, subject to the limitations of
37 CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of reccrds may be disclosed, as a routine use, to a Federal,
State, or local law enforcement agency, if the USPTC becomes aware of a violation or
potential viclation of law or regulation.
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OBTAINING CONTENT FROM REMOTE
SOURCE FOR PLAYBACK

INCORPORATION BY REFERENCE

This application claims priority under 35 U.S.C. §120 to,
and is a continuation of, U.S. Non-provisional patent appli-
cation Ser. No. 13/297,000, filed on Nov. 15, 2011, entitled
“System and method for synchronizing operations among a
plurality of independently clocked digital data processing
devices,” which claims priority under 35 U.S.C. 120 to, and is
a continuation of, U.S. Non-provisional application Ser. No.
10/816,217, now issued as U.S. Pat. No. 8,234,395, filed on
Apr. 1,2004, entitled “System and method for synchronizing
operations among a plurality of independently clocked digital
data processing devices,” which claims priority under 35
U.S.C. §119 to U.S. Provisional Application No. 60/490,768,
filed on Jul. 28, 2003, entitled “Method for Synchronizing
Audio Playback Between Multiple Networked Devices,”
each of which are assigned to the assignee of the present
application and are incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates generally to the field of digi-
tal data processing devices, and more particularly to systems
and methods for synchronizing operations among a plurality
of independently-clocked digital data processing devices.
The invention is embodied in a system for synchronizing
operations among a plurality of devices, in relation to infor-
mation that is provided by a common source. One embodi-
ment of the invention enables synchronizing of audio play-
back as among two or more audio playback devices that
receive audio information from a common information
source, or channel.

More generally, the invention relates to the field of arrange-
ments that synchronize output generated by a number of
output generators, including audio output, video output, com-
binations of audio and video, as well as other types of output
as will be appreciated by those skilled in the art, provided by
a common channel. Generally, the invention will find utility
in connection with any type of information for which syn-
chrony among independently-clocked devices is desired.

BACKGROUND OF THE INVENTION

There are a number of circumstances under which it is
desirable to maintain synchrony of operations among a plu-
rality of independently-clocked digital data processing
devices in relation to, for example, information that is pro-
vided thereto by a common source. For example, systems are
being developed in which one audio information source can
distribute audio information in digital form to a number of
audio playback devices for playback. The audio playback
devices receive the digital information and convert it to ana-
log form for playback. The audio playback devices may be
located in the same room or they may be distributed in dif-
ferent rooms in a residence such as a house or an apartment,
in different offices in an office building, or the like. For
example, in a system installed in a residence, one audio play-
back device may be located in a living room, while another
audio playback device is be located in a kitchen, and yet other
audio playback devices may be located in various bedrooms
ofahouse. In such an arrangement, the audio information that
is distributed to various audio playback devices may relate to
the same audio program, or the information may relate to
different audio programs. If the audio information source
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provides audio information relating to the same audio pro-
gram to two or more audio playback devices at the same time,
the audio playback devices will generally contemporane-
ously play the same program. For example, if the audio infor-
mation source provides audio information to audio playback
devices located in the living room and kitchen in a house at the
same time, they will generally contemporaneously play the
same program.

One problem that can arise is to ensure that, if two or more
audio playback devices are contemporaneously attempting to
play back the same audio program, they do so simultaneously.
Small differences in the audio playback devices’ start times
and/or playback speeds can be perceived by a listener as an
echo effect, and larger differences can be very annoying.
Differences can arise because for a number of reasons,
including delays in the transfer of audio information over the
network. Such delays can differ as among the various audio
playback devices for a variety of reasons, including where
they are connected into the network, message traffic and other
reasons as will be apparent to those skilled in the art.

Another problem arises from the following. When an audio
playback device converts the digital audio information from
digital to analog form, it does so using a clock that provides
timing information. Generally, the audio playback devices
that are being developed have independent clocks, and, if they
are not clocking at precisely the same rate, the audio playback
provided by the various devices can get out of synchroniza-
tion.

SUMMARY OF THE INVENTION

The invention provides a new and improved system and
method for synchronizing operations among a number of
digital data processing devices that are regulated by indepen-
dent clocking devices. Generally, the invention will find util-
ity in connection with any type of information for which
synchrony among devices connected to a network is desired.
The invention is described in connection with a plurality of
audio playback devices that receive digital audio information
that is to be played back in synchrony, but it will be appreci-
ated that the invention can find usefulness in connection with
any kind of information for which coordination among
devices that have independent clocking devices would find
utility.

In brief summary, the invention provides, in one aspect, a
system for maintaining synchrony of operations among a
plurality of devices that have independent clocking arrange-
ments. The system includes a task distribution device that
distributes tasks to a synchrony group comprising a plurality
of devices that are to perform the tasks distributed by the task
distribution device in synchrony. The task distribution device
distributes each task to the members of the synchrony group
over a network. Each task is associated with a time stamp that
indicates a time, relative to a clock maintained by the task
distribution device, at which the members of the synchrony
group are to execute the task. Each member of the synchrony
group periodically obtains from the task distribution device
an indication of the current time indicated by its clock, deter-
mines a time differential between the task distribution
device’s clock and its respective clock and determines there-
from a time at which, according to its respective clock, the
time stamp indicates that it is to execute the task.

In one embodiment, the tasks that are distributed include
audio information for an audio track that is to be played by all
of the devices comprising the synchrony group synchro-
nously. The audio track is divided into a series of frames, each
of which is associated with a time stamp indicating the time,
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relative to the clock maintained by an audio information
channel device, which, in that embodiment, serves as the task
distribution device, at which the members of the synchrony
group are to play the respective frame. Each member of the
synchrony group, using a very accurate protocol, periodically
obtains the time indicated by the audio information channel
device, and determines a differential between the time as
indicated by its local clock and the audio information channel
device’s clock. The member uses the differential and the time
as indicated by the time stamp to determine the time, relative
to its local clock, at which it is to play the respective frame.
The members of the synchrony group do this for all of the
frames, and accordingly are able to play the frames in syn-
chrony.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention is pointed out with particularity in the
appended claims. The above and further advantages of this
invention may be better understood by referring to the fol-
lowing description taken in conjunction with the accompany-
ing drawings, in which:

FIG. 1 schematically depicts an illustrative networked
audio system, constructed in accordance with the invention;

FIG. 2 schematically depicts a functional block diagram of
a synchrony group utilizing a plurality of zone players formed
within the networked audio system depicted in FIG. 1;

FIG. 2A schematically depicts two synchrony groups,
illustrating how a member of one synchrony group can pro-
vide audio information to the members of another synchrony
group;

FIG. 3 depicts an functional block diagram of a zone player
for use in the networked audio system depicted in FIG. 1; and

FIG. 4 is useful in understanding an digital audio informa-
tion framing methodology useful in the network audio system
depicted in FIG. 1.

DETAILED DESCRIPTION OF AN
ILLUSTRATIVE EMBODIMENT

FIG. 1 depicts an illustrative network audio system 10
constructed in accordance with the invention. With reference
to FIG. 1, the network audio system 10 includes a plurality of
zone players 11(1) through 11(N) (generally identified by
reference numeral 11(z)) interconnected by a local network
12, all of which operate under control of one or more user
interface modules generally identified by reference numeral
13. One or more of the zone players 11(z) may also be
connected to one or more audio information sources, which
will generally be identified herein by reference numeral
14(n)(s), and/or one or more audio reproduction devices,
which will generally be identified by reference numeral
15(n)(r). In the reference numeral 14(r)(s), index “n” refers to
the index “n” of the zone player 11(z) to which the audio
information source is connected, and the index “s” (s=1, . . .,
S,,) refers to the “s-th” audio information source connected to
that “n-th” zone player 11(»). Thus, if, for example, a zone
player 11(») is connected to four audio information sources
14(»)(1) through 14(»)(4), the audio information sources may
be generally identified by reference numeral 14(x)(s), with
S,=4. It will be appreciated that the number of audio infor-
mation sources S,, may vary as among the various zone play-
ers 11(n), and some zone players may not have any audio
information sources connected thereto. Similarly, in the ref-
erence numeral 15(»)(r), index “n” refers to the index “n” of
the zone player 11(») to which the audio reproduction device
is connected, and the index “r” (r=1, . . ., R)) refers to the
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“r-th” audio information source connected to that “n-th” zone
player 11(»). In addition to the audio information sources
14(n)(s), the network audio system 10 may include one or
more audio information sources 16(1) through 16(M) con-
nected through appropriate network interface devices (not
separately shown) to the local network 12. Furthermore, the
local network may include one or more network interface
devices (also not separately shown) that are configured to
connect the local network 12 to other networks, including a
wide area network such as the Internet, the public switched
telephony network (PSTN) or other networks as will be
apparent to those skilled in the art, over which connections to
audio information sources may be established.

The zone players 11(r) associated with system 10 may be
distributed throughout an establishment such as residence, an
office complex, a hotel, a conference hall, an amphitheater or
auditorium, or other types of establishments as will be appar-
ent to those skilled in the art or the like. For example, if the
zone players 11(») and their associated audio information
source(s) and/or audio reproduction device(s) are distributed
throughout a residence, one, such as zone player 11(1) and its
associated audio information source(s) and audio reproduc-
tion device(s) may be located in a living room, another may be
located in a kitchen, another may be located in a dining room,
and yet others may be located in respective bedrooms, to
selectively provide entertainment in those rooms. On the
other hand, if the zone players 11(r) and their associated
audio information source(s) and/or audio reproduction de-
vice(s) are distributed throughout an office complex, one
may, for example, be provided in each office to selectively
provide entertainment to the employees in the respective
offices. Similarly, if the zone players 11(») and associated
audio information source(s) and/or audio reproduction de-
vice(s) are used in a hotel, they may be distributed throughout
the rooms to provide entertainment to the guests. Similar
arrangements may be used with zone players 11(») and asso-
ciated audio information source(s) and/or audio reproduction
device(s) used in an amphitheater or auditorium. Other
arrangements in other types of environments will be apparent
to those skilled in the art. In each case, the zone players 11(»)
can be used to selectively provide entertainment in the respec-
tive locations, as will be described below.

The audio information sources 14(r)(s) and 16(m) may be
any of a number of types of conventional sources of audio
information, including, for example, compact disc (“CD”)
players, AM and/or FM radio receivers, analog or digital tape
cassette players, analog record turntables and the like. In
addition, the audio information sources 14()(s) and 16(m)
may comprise digital audio files stored locally on, for
example, personal computers (PCs), personal digital assis-
tants (PDAs), or similar devices capable of storing digital
information in volatile or non-volatile form. As noted above,
the local network 12 may also have an interface (not shown)
to a wide area network, over which the network audio system
10 can obtain audio information. Moreover, one or more of
the audio information sources 14(»)(s) may also comprise an
interface to a wide area network such as the Internet, the
public switched telephony network (PSTN) or any other
source of audio information. In addition, one or more of the
audio information sources 14(n)(s) and 16(m) may comprise
interfaces to radio services delivered over, for example, sat-
ellite. Audio information obtained over the wide area network
may comprise, for example, streaming digital audio informa-
tion such as Internet radio, digital audio files stored on serv-
ers, and other types of audio information and sources as will
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be appreciated by those skilled in the art. Other arrangements
and other types of audio information sources will be apparent
to those skilled in the art.

Generally, the audio information sources 14(n)(s) and
16(m) provide audio information associated with audio pro-
grams to the zone players for playback. A zone player that
receives audio information from an audio information source
14(n)(s) that is connected thereto can provide playback and/
or forward the audio information, along with playback timing
information, over the local network 12 to other zone players
for playback. Similarly, each audio information source 16(7)
that is not directly connected to a zone player can transmit
audio information over the network 12 to any zone player
11(n) for playback. In addition, as will be explained in detail
below, the respective zone player 11(#) can transmit the audio
information that it receives either from an audio information
source 14(n)(s) connected thereto, or from an audio informa-
tion source 16(7m), to selected ones of the other zone players
11(n"), 11(n"), . . . (nnot equal ton', n", . . . ) for playback by
those other zone players. The other zone players 11(#'),
11(»"), . . . to which the zone player 11(z) transmits the audio
information for playback may be selected by a user using the
user interface module 13. In that operation, the zone player
11(») will transmit the audio information to the selected zone
players 11("), 11(n"), . . . over the network 12. As will be
described below in greater detail, the zone players 11(n),
11(»), 11(n"), . . . operate such that the zone players 11(»'),
11(»"), . . . synchronize their playback of the audio program
with the playback by the zone player 11(»), so that the zone
players 11(»), 11(»"), 11(»") provide the same audio program
at the same time.

Users, using user interface module 13, may also enable
different groupings or sets of zone players to provide audio
playback of different audio programs synchronously. For
example, a user, using a user interface module 13, may enable
zone players 11(1) and 11(2) to play one audio program,
audio information for which may be provided by, for
example, one audio information source 14(1)(1). The same or
a different user may, using the same or a different user inter-
face module 13, enable zone players 11(4) and 11(5) to con-
temporaneously play another audio program, audio informa-
tion for which may be provided by a second audio
information source, such as audio information source 14(5)
(2). Further, a user may enable zone player 11(3) to contem-
poraneously play yet another audio program, audio informa-
tion for which may be provided by yet another audio
information source, such as audio information source 16(1).
As yet another possibility, a user may contemporaneously
enable zone player 11(1) to provide audio information from
an audio information source connected thereto, such as audio
information source 14(1)(2), to another zone player, such as
zone player 11(6) for playback.

In the following, the term “synchrony group” will be used
to refer to a set of one or more zone players that are to play the
same audio program synchronously. Thus, in the above
example, zone players 11(1) and 11(2) comprise one syn-
chrony group, zone player 11(3) comprises a second syn-
chrony group, zone players 11(4) and 11(5) comprise a third
synchrony group, and zone player 11(6) comprises yet a
fourth synchrony group. Thus, while zone players 11(1) and
11(2) are playing the same audio program, they will play the
audio program synchronously. Similarly, while zone players
11(4) and 11(5) are playing the same audio program, they will
play the audio program synchronously. On the other hand,
zone players that are playing different audio programs may do
so with unrelated timings. That is, for example, the timing
with which zone players 11(1) and 11(2) play their audio
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program may have no relationship to the timing with which
zone player 11(3), zone players 11(4) and 11(5), and zone
player 11(6) play their audio programs. It will be appreciated
that, since “synchrony group” is used to refer to sets of zone
players that are playing the same audio program synchro-
nously, zone player 11(1) will not be part of zone player
11(6)’s synchrony group, even though zone player 11(1) is
providing the audio information for the audio program to
zone player 11(6).

In the network audio system 10, the synchrony groups are
not fixed. Users can enable them to be established and modi-
fied dynamically. Continuing with the above example, a user
may enable the zone player 11(1) to begin providing playback
of the audio program provided thereto by audio information
source 14(1)(1), and subsequently enable zone player 11(2) to
join the synchrony group. Similarly, a user may enable the
zone player 11(5) to begin providing playback of the audio
program provided thereto by audio information source 14(5)
(2), and subsequently enable zone player 11(4) to join that
synchrony group. In addition, a user may enable a zone player
to leave a synchrony group and possibly join another syn-
chrony group. For example, a user may enable the zone player
11(2) to leave the synchrony group with zone player 11(1),
and join the synchrony group with zone player 11(6). As
another possibility, the user may enable the zone player 11(1)
to leave the synchrony group with zone player 11(2) and join
the synchrony group with zone player 11(6). In connection
with the last possibility, the zone player 11(1) can continue
providing audio information from the audio information
source 14(1)(1) to the zone player 11(2) for playback thereby.

A user, using the user interface module 13, can enable a
zone player 11(z) that is currently not a member of a syn-
chrony group to join a synchrony group, after which it will be
enabled to play the audio program that is currently being
played by that synchrony group. Similarly, a user, also using
the user interface module 13, can enable a zone player 11(»)
that is currently a member of one synchrony group, to disen-
gage from that synchrony group and join another synchrony
group, after which that zone player will be playing the audio
program associated with the other synchrony group. For
example, if a zone player 11(6) is currently not a member of
any synchrony group, it, under control of the user interface
module 13, can become a member of a synchrony group, after
which it will play the audio program being played by the other
members of the synchrony group, in synchrony with the other
members of the synchrony group. In becoming a member of
the synchrony group, zone player 11(6) can notify the zone
player that is the master device for the synchrony group that
it wishes to become a member of its synchrony group, after
which that zone player will also transmit audio information
associated with the audio program, as well as timing infor-
mation, to the zone player 11(6). As the zone player 11(6)
receives the audio information and the timing information
from the master device, it will play the audio information with
the timing indicated by the timing information, which will
enable the zone player 11(6) to play the audio program in
synchrony with the other zone player(s) in the synchrony
group.

Similarly, if a user, using the user interface module 13,
enables a zone player 11(») associated with a synchrony
group to disengage from that synchrony group, and if the zone
player 11(%) is not the master device of the synchrony group,
the zone player 11(n) can notify the master device, after
which the master device can terminate transmission of the
audio information and timing information to the zone player
11(r). If the user also enables the zone player 11(») to begin
playing another audio program using audio information from
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an audio information source 14(n)(s) connected thereto, it
will acquire the audio information from the audio information
source 14(n)(s) and initiate playback thereof. If the user
enables another zone player 11(»") to join the synchrony
group associated with zone player 11(»), operations in con-
nection therewith can proceed as described immediately
above.

As yet another possibility, if a user, using the user interface
module 13, enables a zone player 11(z) associated with a
synchrony group to disengage from that synchrony group and
join another synchrony group, and if the zone player is not the
master device of the synchrony group from which it is disen-
gaging, the zone player 11(») can notify the master device of
the synchrony group from which it is disengaging, after
which that zone player will terminate transmission of audio
information and timing information to the zone player 11(»)
that is disengaging. Contemporaneously, the zone player
11(») can notify the master device of the synchrony group that
it (that is, zone player 11(»)) is joining, after which the master
device can begin transmission of audio information and tim-
ing information to that zone player 11(»). The zone player
11(») can thereafter begin playback of the audio program
defined by the audio information, in accordance with the
timing information so that the zone player 11(») will play the
audio program in synchrony with the master device.

As yet another possibility, a user, using the user interface
module 13, may enable a zone player 11(») that is not asso-
ciated with a synchrony group, to begin playing an audio
program using audio information provided to it by an audio
information source 14(n)(s) connected thereto. In that case,
the user, also using the user interface module 13 or a user
interface device that is specific to the audio information
source 14(n)(s), can enable the audio information source
14(n)(s) to provide audio information to the zone player
11(»). After the zone player 11(») has begun playback, or
contemporaneously therewith, the user, using the user inter-
face module 13, can enable other zone players 11(n'),
11(n"), . . . to join zone player 11(n)’s synchrony group and
enable that zone player 11(») to transmit audio information
and timing information thereto as described above, to facili-
tate synchronous playback of the audio program by the other
zone players 11(z'"), 11(n") . . . .

A user can use the user interface module 13 to control other
aspects of the network audio system 10, including but not
limited to the selection of the audio information source
14(n)(s) that a particular zone player 11(») is to utilize, the
volume of the audio playback, and so forth. In addition, a user
may use the user interface module 13 to turn audio informa-
tion source(s) 14(z)(s) on and off and to enable them to
provide audio information to the respective zone players
11(n).

Operations performed by the various devices associated
with a synchrony group will be described in connection with
FIG. 2, which schematically depicts a functional block dia-
gram of a synchrony group in the network audio system 10
described above in connection with FIG. 1. With reference to
FIG. 2, a synchrony group 20 includes a master device 21 and
zero or more slave devices 22(1) through 22 (G) (generally
identified by reference numeral 22(g)), all of which synchro-
nously play an audio program provided by an audio informa-
tion channel device 23. Each of the master device 21, slave
devices 22(g) and audio information channel device 23 uti-
lizes a zone player 11(z) depicted in FIG. 1, although it will be
clear from the description below that a zone player may be
utilized both for the audio information channel device for the
synchrony group 20, and the master device 21 or a slave
device 22(g) of the synchrony group 20. As will be described
below in more detail, the audio information channel device 23
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obtains the audio information for the audio program from an
audio information source, adds playback timing information,
and transmits the combined audio and playback timing infor-
mation to the master device 21 and slave devices 22(g) over
the network 12 for playback. The playback timing informa-
tion that is provided with the audio information, together with
clock timing information provided by the audio information
channel device 23 to the various devices 21 and 22(g) as will
be described below, enables the master device 21 and slave
devices 22(g) of the synchrony group 20 to play the audio
information simultaneously.

The master device 21 and the slave devices 22(g) receive
the audio and playback timing information, as well as the
clock timing information, that are provided by the audio
information channel device 23, and play back the audio pro-
gram defined by the audio information. The master device 21
is also the member of the synchrony group 20 that commu-
nicates with the user interface module 13 and that controls the
operations of the slave devices 22(g) in the synchrony group
20. In addition, the master device 21 controls the operations
of the audio information channel device 23 that provides the
audio and playback timing information for the synchrony
group 20. Generally, the initial master device 21 for the syn-
chrony group will be the first zone player 11(») that a user
wishes to play an audio program. However, as will be
described below, the zone player 11(r) that operates as the
master device 21 can be migrated from one zone player 11(»)
to another zone player 11(»"), which preferably will be a zone
player that is currently operating as a slave device 22(g) in the
synchrony group.

In addition, under certain circumstances, as will be
described below, the zone player 11(r) that operates as the
audio information channel device 23 can be migrated from
one zone player to another zone player, which also will pref-
erably will be a zone player that is currently operating as a
member of the synchrony group 20. It will be appreciated that
the zone player that operates as the master device 21 can be
migrated to another zone player independently of the migra-
tion of the audio information channel device 23. For example,
if one zone player 11(») is operating as both the master device
21 and the audio information channel device 23 for a syn-
chrony group 20, the master device 21 can be migrated to
another zone player 11(»') while the zone player 11(z) is still
operating as the audio information channel device 23. Simi-
larly, if one zone player 11() is operating as both the master
device 21 and the audio information channel device 23 for a
synchrony group 20, the audio information channel device 23
can be migrated to another zone player 11(»') while the zone
player 11(») is still operating as the master device 21. In
addition, if one zone player 11(n) is operating as both the
master device 21 and the audio information channel device 23
for a synchrony group 20, the master device 21 can be
migrated to another zone player 11(»') and the audio infor-
mation channel device can be migrated to a third zone player
11(").

The master device 21 receives control information from the
user interface module 13 for controlling the synchrony group
20 and provides status information indicating the operational
status of the synchrony group to the user interface module 13.
Generally, the control information from the user interface
module 13 enables the master device 21 to, in turn, enable the
audio information channel device 23 to provide audio and
playback timing information to the synchrony group to
enable the devices 21 and 22(g) that are members of the
synchrony group 20 to play the audio program synchro-
nously. In addition, the control information from the user
interface module 13 enables the master device 21 to, in turn,
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enable other zone players to join the synchrony group as slave
devices 22(g) and to enable slave devices 22(g) to disengage
from the synchrony group. Control information from the user
interface module 13 can also enable the zone player 11(z) that
is currently operating as the master device 21 to disengage
from the synchrony group, but prior to doing so that zone
player will enable the master device 21 to transfer from that
zone player 11(r) to another zone player 11(»'), preferably to
azone player 11(»') that is currently a slave device 22(g) in the
synchrony group 20. The control information from the user
interface module 13 can also enable the master device 21 to
adjust its playback volume and to enable individual ones of
the various slave devices 22(g) to adjust their playback vol-
umes. In addition, the control information from the user inter-
face module 13 can enable the synchrony group 20 to termi-
nate playing of a current track of the audio program and skip
to the next track, and to re-order tracks in a play list of tracks
defining the audio program that is to be played by the syn-
chrony group 20.

The status information that the master device 21 may pro-
vide to the user interface module 13 can include such infor-
mation as a name or other identifier for the track of the audio
work that is currently being played, the names or other iden-
tifiers for upcoming tracks, the identifier of the zone player
11(n) that is currently operating as the master device 21, and
identifiers of the zone players that are currently operating as
slave devices 22(g). In one embodiment, the user interface
module 13 includes a display (not separately shown) that can
display the status information to the user.

It will be appreciated that the zone player 11(») that is
operating as the audio information channel device 23 for one
synchrony group may also comprise the master device 21 or
any of the slave devices 22(g) in another synchrony group.
This may occur if, for example, the audio information source
that is to provide the audio information that is to be played by
the one synchrony group is connected to a zone player also
being utilized as the master device or a slave device for the
other synchrony group. This will be schematically illustrated
below in connection with FIG. 2A. Since, as noted above, the
zone player 11(») that is operating as the audio information
channel device 23 for the synchrony group 20 may also be
operating as a master device 21 or slave device 22(g) for
another synchrony group, it can also be connected to one or
more audio reproduction devices 15(r)(r), although that is not
depicted in FIG. 2. Since the master device 21 and slave
devices 22(g) are all to provide playback of the audio pro-
gram, they will be connected to respective audio reproduction
devices 15(n)(r). Furthermore, it will be appreciated that one
or more of the zone players 11(%) that operate as the master
device 21 and slave devices 22(g) in synchrony group 20 may
also operate as an audio information channel device for that
synchrony group or for another synchrony group and so they
may be connected to one or more audio information sources
14(n)(s), although that is also not depicted in FIG. 2. In
addition, it will be appreciated that a zone player 11(z) can
also operate as a audio information channel device 23 for
multiple synchrony groups.

If the audio information channel device 23 does not utilize
the same zone player as the master device 21, the master
device 21 controls the audio information channel device by
exchanging control information over the network 12 with the
audio information channel device 23. The control informa-
tion is represented in FIG. 2 by the arrow labeled
CHAN_DEV_CTRL_INFO. The control information that
the master device 21 provides to the audio information chan-
nel device 23 will generally depend on the nature of the audio
information source that is to provide the audio information for
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the audio program that is to be played and the operation to be
enabled by the control information. If, for example, the audio
information source is a conventional compact disc, tape, or
record player, broadcast radio receiver, or the like, which is
connected to a zone player 11(»), the master device 21 may
merely enable the zone player serving as the audio informa-
tion channel device 23 to receive the audio information for the
program from the audio information source. It will be appre-
ciated that, if the audio information is not in digital form, the
audio information channel device 23 will convert it to digital
form and provide the digitized audio information, along with
the playback timing information, to the master device 21 and
slave devices 22(g).

On the other hand, if the audio information source is, for
example, a digital data storage device, such as may be on a
personal computer or similar device, the master device 21 can
provide a play list to the audio information channel device 23
that identifies one or more files containing the audio informa-
tion for the audio program. In that case, the audio information
channel device 23 can retrieve the files from the digital data
storage device and provide them, along with the playback
timing information, to the master device 21 and the slave
devices 22(g). It will be appreciated that, in this case, the
audio information source may be directly connected to the
audio information channel device 23, as, for example, an
audio information source 14(x)(s), or it may comprise an
audio information source 16(m) connected to the network 12.
As a further alternative, if the audio information source is a
source available over the wide area network, the master
device 21 can provide a play list comprising a list of web
addresses identifying the files containing the audio informa-
tion for the audio program that is to be played, and in that
connection the audio information channel device 23 can ini-
tiate a retrieval of the files over the wide area network. As yet
another alternative, if the audio information source is a source
of streaming audio received over the wide area network, the
master device 21 can provide a network address from which
the streaming audio can be received. Other arrangements by
which the master device 21 can control the audio information
channel device 23 will be apparent to those skilled in the art.

The master device 21 can also provide control information
to the synchrony group’s audio information channel device
23 to enable a migration from one zone player 11(n) to
another zone player 11(r'). This may occur if, for example,
the audio information source is one of audio information
sources 16 or a source accessible over the wide area network
via the network 12. The master device 21 can enable migra-
tion of the audio information channel device 23 for several
reasons, including, for example, to reduce the loading of the
zone player 11(n), to improve latency of message transmis-
sion in the network 12, and other reasons as will be appreci-
ated by those skilled in the art.

As noted above, the audio information channel device 23
provides audio and playback timing information for the syn-
chrony group to enable the master device 21 and slave devices
22(g) to play the audio program synchronously. Details of the
audio and playback timing information will be described in
detail below in connection with FIGS. 3 and 4, but, in brief,
the audio information channel device 23 transmits the audio
and playback timing information in messages over the net-
work 12 using a multi-cast message transmission methodol-
ogy. In that methodology, the audio information channel
device 23 will transmit the audio and playback timing infor-
mation in a series of messages, with each message being
received by all of the zone players 11(z) comprising the
synchrony group 20, that is, by the master device 21 and the
slave devices 22(g). Each of the messages includes a multi-
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cast address, which the master device 21 and slave devices
22(g) will monitor and, when they detect a message with that
address, they will receive and use the contents of the message.
The audio and playback timing information is represented in
FIG. 2 by the arrow labeled “AUD+PBTIME_INF0,” which
has a single tail, representing a source for the information at
the audio information channel device 23, and multiple arrow-
heads representing the destinations of the information, with
one arrowhead extending to the master device 21 and other
arrowheads extending to each of the slave devices 22(g) in the
synchrony group 20. The audio information channel device
23 may make use of any convenient multi-cast message trans-
mission methodology in transmitting the audio and playback
timing information to the synchrony group 20. As will be
described in detail in connection with FIG. 4, the audio and
playback timing information is in the form of a series of
frames, with each frame having a time stamp. The time stamp
indicates a time, relative to the time indicated by a clock
maintained by the audio information channel device 23, at
which the frame is to be played. Depending on the size or
sizes of the messages used in the selected multi-cast message
transmission methodology and the size or sizes of the frames,
a message may contain one frame, or multiple frames, or,
alternatively, a frame may extend across several messages.

The audio information channel device 23 also provides
clock time information to the master device 21 and each of the
slave devices 22(g) individually over network 12 using a
highly accurate clock time information transmission method-
ology. The distribution of the clock time information is rep-
resented in FIG. 2 by the arrows labeled “AICD_CLK_INF
(M)” (inthe case of the clock time information provided to the
master device 21) and “AICD_CLK_INF (S,)” through
“AICD_CLK_INF (S5)” (in the case of audio information
channel device clock information provided to the slave
devices 22(g)). In one embodiment, the master device 21 and
slave devices 22(g) make use of the well-known SNTP
(Simple Network Time Protocol) to obtain current clock time
information from the audio information channel device 23.
The SNTP makes use of a unicast message transfer method-
ology, in which one device, such as the audio information
channel device 23, provides clock time information to a spe-
cific other device, such as the master device 21 or a slave
device 22(g), using the other device’s network, or unicast,
address. Each of the master device 21 and slave devices 22(g)
will periodically initiate SNTP transactions with the audio
information channel device 23 to obtain the clock time infor-
mation from the audio information channel device 23. As will
be described below in more detail, the master device 21 and
each slave device 22(g) make use of the clock time informa-
tion to determine the time differential between the time indi-
cated by the audio information channel device’s clock and the
time indicated by its respective clock, and use that time dif-
ferential value, along with the playback time information
associated with the audio information and the respective
device’s local time as indicated by its clock to determine
when the various frames are to be played. This enables the
master device 21 and the slave devices 22(g) in the synchrony
group 20 to play the respective frames simultaneously.

As noted above, the control information provided by the
user to the master device 21 through the user interface module
13 can also enable the master device 21 to, in turn, enable
another zone player 11(#') to join the synchrony group as a
new slave device 22(g). In that operation, the user interface
module 13 will provide control information, including the
identification of the zone player 11(»') that is to join the
synchrony group to the master device 21. After it receives the
identification of the zone player 11(»") that is to join the
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synchrony group, the master device 21 will exchange control
information, which is represented in FIG. 2 by the arrows
labeled SLV_DEV_CTRL_INF (S,) through SLV_DEV_
CTRL_INF (S;) group slave control information, over the
network 12 with the zone player 11(z') that is identified in the
control information from the user interface module 13. The
control information that the master device 21 provides to the
new zone player 11(»') includes the network address of the
zone player 11(z) that is operating as the audio information
channel device 23 for the synchrony group, as well as the
multi-cast address that the audio information channel device
23 is using to broadcast the audio and playback timing infor-
mation over the network. The zone player that is to operate as
the new slave device 22(g") uses the multi-cast address to
begin receiving the multi-cast messages that contain the audio
information for the audio program being played by the syn-
chrony group.

It will be appreciated that, if the zone player 11(») that is
operating as the master device 21 for the synchrony group 20
is also operating the audio information channel device 23, and
if there are no slave devices 22(g) in the synchrony group 20,
the audio information channel device 23 may not be trans-
mitting audio and playback timing information over the net-
work. In that case, if the new slave device 22(g') is the first
slave device in the synchrony group, the zone player 11(z)
that is operating as both the master device 21 and audio
information channel device 23, can begin transmitting the
audio and playback timing information over the network 12
when the slave device 22(g') is added to the synchrony group
20. The zone player 11() can maintain a count of the number
of slave devices 22(g) in the synchrony group 20 as they join
and disengage, and, if the number drops to zero, it can stop
transmitting the audio and playback timing information over
the network 12 to reduce the message traffic over the network
12.

The new slave device 22(g") added to the synchrony group
20 uses the network address of the audio information channel
device 23 for several purposes. In particular, the new slave
device 22(g") will, like the master device 21 (assuming the
zone player 11(n) operating as the master device 21 is not also
the audio information channel device 23), engage in SNTP
transactions with the audio information channel device 23 to
obtain the clock timing information from the audio informa-
tion channel device 23. In addition, the new slave device
22(g") can notify the audio information channel device 23 that
it is a new slave device 22(g") for the synchrony group 20 and
provide the audio information channel device 23 with its
network address. As will be described below, in one embodi-
ment, particularly in connection with audio information
obtained from a source, such as a digital data storage device,
which can provide audio information at a rate that is faster
than the rate at which it will be played, the audio information
channel device 23 will buffer audio and timing information
and broadcast it over the network 12 to the synchrony group
20 generally at a rate at which it is provided by the source.
Accordingly, when a new slave device 22(g') joins the syn-
chrony group 20, the playback timing information may indi-
cate that the audio information that is currently being broad-
cast by the audio information channel device 23 using the
multi-cast methodology is to be played back some time in the
future. To reduce the delay with which the new slave device
22(g") will begin playback, the audio information channel
device 23 can also retransmit previously transmitted audio
and timing information that it had buffered to the new slave
device 22(g") using the unicast network address of the slave
device 22(g").
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The master device 21 can also use the slave device control
information exchanged with the slave devices 22(g) for other
purposes. For example, the master device 21 can use the slave
device control information to initiate a migration of the mas-
ter from its zone player 11(n) to another zone player 11(z").
This may occur for any of a number of reasons, including, for
example, that the master device 21 is terminating playback by
it of the audio program and is leaving the synchrony group 20,
but one or more of the other devices in the synchrony group is
to continue playing the audio program. The master device 21
may also want to initiate a migration if it is overloaded, which
can occur if, for example, the zone player 11(») that is the
master device 21 for its synchrony group is also operating as
an audio information channel device 23 for another syn-
chrony group.

The user can also use the user interface module 13 to adjust
playback volume by the individual zone players 11(») com-
prising the synchrony group. In that operation, the user inter-
face module 13 provides information identifying the particu-
lar device whose volume is to be adjusted, and the level at
which the volume is to be set to the master device 21. If the
device whose volume is to be adjusted is the master device 21,
the master device 21 can adjust its volume according to the
information that it receives from the user interface module 13.
On the other hand, if the device whose volume is to be
adjusted is a slave device 22(g), the master device 21 can
provide group slave control information to the respective
slave device 22(g), to enable it to adjust its volume.

Theuser can also use the user interface module 13 to enable
a synchrony group 20 to cancel playing of the track in an
audio program that is currently being played, and to proceed
immediately to the next track. This may occur, for example, if
the tracks for the program is in the form of a series of digital
audio information files, and the user wishes to cancel play-
back of the track that is defined by one of the files. In that case,
when the master device 21 receives the command to cancel
playback of the current track, it will provide channel device
control information to the audio information channel device
23 so indicating. In response, the audio information channel
device 23 inserts control information into the audio and play-
back timing information, which will be referred to as a
“resynchronize” command. In addition, the audio informa-
tion channel device 23 will begin transmitting audio informa-
tion for the next track, with timing information to enable it to
be played immediately. The resynchronize command can also
enable playback of a track to be cancelled before it has been
played. Details of these operations will be described below.

As noted above, there may be multiple synchrony groups in
the network audio system 10, and further that, for example, a
zone player 11() may operate both as a master device 21 or
a slave device 22(g) in one synchrony group, and as the audio
information channel device 23 providing audio and playback
timing information and clock timing information for another
synchrony group. An illustrative arrangement of this will be
described in connection with FIG. 2A. With reference to FIG.
2A, that FIG. depicts elements of two synchrony groups,
identified by reference numerals 20(1) and 20(2), respec-
tively. For clarity, FIG. 2A does not show a number of ele-
ments, the presence of which would be evident from FIGS. 1
and 2 as described above. For example, FIG. 2A does not
depict the audio information sources from which audio infor-
mation is obtained for the synchrony groups or the audio
reproduction devices that are used to produce sound for the
master and slave devices, which are depicted in both FIGS. 1
and 2. In addition, FIG. 2A does not depict arrows that rep-
resent control information provided by the respective master
devices to the slave devices in the respective synchrony
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groups, or to the audio information channel devices that pro-
vide audio and timing information for the respective syn-
chrony groups, which are depicted in FIG. 2. In addition, FIG.
2A does not depict the arrows that represent the clock timing
information provided by the audio information channel
devices to the respective members of the respective syn-
chrony groups, which are also depicted in FIG. 2. As will be
noted below, however, FIG. 2A does depict arrows represent-
ing the audio and playback timing information provided by
the respective audio information channel devices for the
respective synchrony groups 20(1), 20(2), to the master and
slave devices comprising the respective synchrony groups
20(1), 20(2).

Each synchrony group 20(1), 20(2) comprises elements of
a number of zone players. A functional block diagram of a
zone player will be described below in connection with FIG.
3. Synchrony group 20(1) includes a master device 21(1) and
“K”slave devices 22(1)(1) through 22(K)(1) (the index “1” in
reference numeral 21(1) and the last index in reference
numeral 22(1)(1) through 21(K)(1) corresponds to the index
of the synchrony group 20(1) to which they belong) utilize
zone players 11(1) and 11(K+1) respectively. Similarly, syn-
chrony group 20(2) includes a master device 21(2) and “L.”
slave devices 22(1)(2) through 22(L)(2) that utilize zone
players 11(K+2) through 11(K+L+2). In the illustrative
arrangement depicted in FIG. 2A, both synchrony groups
20(1) and 20(2) are controlled by the user interface module
13, which can provide control information to, and receive
status information from, the master devices 21(1) and 21(2)
independently. It will be appreciated that separate user inter-
face modules may be provided to provide control information
to, and receive status information from, the respective master
devices 21(1), 21(2).

As noted above, the slave device 22(1)(2) in synchrony
group 20(2) utilizes zone player 11(K+3). In the illustrative
arrangement depicted in FIG. 2A, the audio information
channel device 23(1) that provides audio and playback timing
information to the master and slave devices 21(1),
22(1)1),...,22(K)(1) of synchrony group 20(1) also utilizes
zone player 11(K+3). As noted above, this may occur if, for
example, the audio information source that is to provide audio
information to be played by the synchrony group 20(1) is
connected to the zone player 11(K+3). Thus, when the master
device 21(1) of synchrony group 20(1) exchanges channel
device control information with the audio information chan-
nel device 23(1), it is effectively exchanging channel device
control information with the zone player 11(K+3). Similarly,
when the master and slave devices 21(1), 22(1)(1), . . . ,
22(K)(1) of synchrony group 20(1) receive audio and play-
back timing information, as well as clock timing information,
from the audio information channel device 23(1), they are
effectively receiving the information from the zone player
11(K+3). FIG. 2A depicts a multi-headed arrow representing
audio and playback timing information transmitted by the
zone player 11(K+3), as audio information channel device
23(1), to the master and slave devices 21(1), 22(1)(1), . . .,
11(K)(1) comprising synchrony group 20(1).

On the other hand, in the illustrative arrangement depicted
in FIG. 2A, the synchrony group 20(2) utilizes a zone player
11(K+L+3) as its audio information channel device 23(2). As
with synchrony group 20(1), when the master device 21(2) of
synchrony group 20(2) exchanges channel device control
information with the audio information channel device 23(2),
it is effectively exchanging channel device control informa-
tion with the zone player 11(K+L+3). Similarly, when the
master and slave devices 21(2), 22(1)(2), . . ., 22(L)(2) of
synchrony group 20(2) receive audio and playback timing
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information, as well as clock timing information, from the
audio information channel device 23(2), they are effectively
receiving the information from the zone player 11(K+L+3).
FIG. 2A depicts a multi-headed arrow representing audio and
playback timing information transmitted by the zone player
11(K+3) as audio information channel device 23(2) to the
master and slave devices 21(2), 22(1)(2), . . ., 22(L)(2)
comprising synchrony group 20(2).

In the illustrative arrangement depicted in FIG. 2A, zone
player 11(K+L+3), which is the audio information channel
device 23(2) for synchrony group 20(2), is not shown as being
either a master or a slave device in another synchrony group.
However, it will be appreciated that zone player 11(K+L+3)
could also beutilized as the master device or a slave device for
another synchrony group. Indeed, it will be appreciated that
the zone player that is utilized as the audio information chan-
nel device for synchrony group 20(2) may also be a zone
player that is utilized as the master device 21(1) or a slave
device 22(1)(1), . . ., 22(K)(1) in the synchrony group 20(1).

A zone player 11(n) that is utilized as a member of one
synchrony group may also be utilized as the audio informa-
tion channel device for another synchrony group if the audio
information source that is to supply the audio information that
is to be played by the other synchrony group is connected to
that zone player 11(r). A zone player 11(z) may also be
utilized as the audio information channel device for the other
synchrony group if, for example, the audio information
source is an audio information source 16(m) (FIG. 1) that is
connected to the network 12 or an audio information source
that is available over a wide area network such as the Internet.
The latter may occur if, for example, the zone player 11() has
sufficient processing power to operate as the audio informa-
tion channel device and it is in an optimal location in the
network 12, relative to the zone players comprising the other
synchrony group (that is the synchrony group for which it is
operating as audio information channel device) for providing
the audio and playback timing information to the members of
the other synchrony group. Other circumstances under which
the zone player 11(») that is utilized as a member of one
synchrony group may also be utilized as the audio informa-
tion channel device for another synchrony group will be
apparent to those skilled in the art.

As was noted above, the master device 21 for a synchrony
group 20 may be migrated from one zone player 11(») to
another zone player 11(#'). As was further noted above, the
audio information channel device 23 for a synchrony group
20 may be migrated from one zone player 11(») to another
zone player 11(z"). It will be appreciated that the latter may
occur if, for example, the audio information source that pro-
vides the audio program for the synchrony group is not con-
nected to the zone player 11(#) that is operating as the audio
information channel device 23, but instead is one of the audio
information sources 16() connected to the network 12 or a
source available over a wide area network such as the Internet.
Operations performed during a migration of an audio infor-
mation channel device 23 from one zone player 11(x) to
another zone player 11(»') will generally depend on the nature
of the audio information that is being channeled by the audio
information channel device 23. For example, if the audio
information source provides streaming audio, the zone player
11(») that is currently operating as the audio information
channel device 23 for the synchrony group 20, can provide the
following information to the other zone player 11(»') that is to
become the audio information channel device 23 for the syn-
chrony group 20:
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(a) the identification of the source of the streaming audio
information,

(b) the time stamp associated with the frame that the zone
player 11(») is currently forming, and

(c) the identifications of the zone players that are operating
as the master device 21 and slave devices 22(g) comprising
the synchrony group 20.

After the zone player 11(»") receives the information from
the zone player 11(n), it will begin receiving the streaming
audio from the streaming audio information source identified
by the zone player 11(z), assemble the streaming audio infor-
mation into frames, associate each frame with a time stamp,
and transmit the resulting audio and playback timing infor-
mation over the network 12. The zone player 11(#') will
perform these operations in the same manner as described
above, except that, instead of using the time indicated by its
digital to analog converter clock 34 directly in generating the
time stamps for the frames, the initial time stamp will be
related to the value of the time stamp that is provided by the
zone player 11(n) (reference item (b) above), with the rate at
which the time stamps are incremented corresponding to the
rate at which its (that is, the zone player 11(x')’s) clock
increments. In addition, the zone player 11(#") will notify the
zone players that are operating as the master device 21 and
slave devices 22(g) of the synchrony group 20 that it is the
new audio information channel device 23 for the synchrony
group 20, and provide the multi-cast address that it will be
using to multi-cast the audio and playback timing informa-
tion, as well as its unicast network address. After the members
of the synchrony group 20 receive the notification from the
zone player 11(#') indicating that it is the new audio informa-
tion channel device 23 for the synchrony group 20, they will
receive the audio and playback timing information from the
zone player 11(#'") instead of the zone player 11(x), using the
multi-cast address provided by the zone player 11(#'). In
addition, they can utilize the zone player 11(»')’s unicast
network address to obtain current time information there-
from. It will be appreciated that the zone player 11(#'") will
determine its current time in relation to the time stamp that is
provided by the zone player 11(») (reference item (b) above)
or the current time information that it received from the zone
player 11(n) using the SNTP protocol as described above.

Generally similar operations can be performed in connec-
tion with migrating the audio information channel device
from one zone player 11(x) to another zone player 11(»") if the
audio information is from one or more audio information
files, such as may be the case if the audio information com-
prises MP3 or WAV files that are available from sources such
as sources 16(m) connected to the network 12 or over from
sources available over a wide area network such as the Inter-
net, except for differences to accommodate the fact that the
audio information is in files. In that case, the zone player
11(») that is currently operating as the audio information
channel device 23 for the synchrony group 20 can provide the
following information to the zone player 11(»') that is to
become the audio information channel device 23 for the syn-
chrony group 20:

(d) alist of the audio information files containing the audio
information that is to be played;

(e) the identification of the file for which the zone player
11(n) is currently providing audio and playback timing infor-
mation, along with the offset into the file for which the current
item of audio and playback timing information is being gen-
erated and the time stamp that the zone player 11(») is asso-
ciating with that frame, and
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() the identifications of the zone players that comprise the
master device 21 and slave devices 22(g) comprising the
synchrony group 20.

After the zone player 11(%') receives the information from
the zone player 11(n), it will begin retrieving audio informa-
tion from the file identified in item (e), starting at the identi-
fied offset. In addition, the zone player 11(»') can assemble
the retrieved audio information into frames, associate each
frame with a time stamp and transmit the resulting audio and
playback timing information over the network 12. The zone
player 11(n") will perform these operations in the same man-
ner as described above, except that, instead of using the time
indicated by its digital to analog converter clock 34 directly in
generating the time stamps for the frames, the value of the
initial time stamp will be related to the time stamp that is
provided by the zone player 11(x) (reference item (e) above),
with the rate at which the time stamps are incremented cor-
responding to the rate at which its (that is, the zone player
11(n")’s) clock increments. In addition, the zone player 11(%')
will notify the zone players that are operating as the master
device 21 and slave devices 22(g) of the synchrony group 20
that it is the new audio information channel device 23 for the
synchrony group 20, and provide the multi-cast address that it
will be using to multi-cast the audio and playback timing
information, as well as its unicast network address. After the
members of the synchrony group 20 receive the notification
from the zone player 11(»'") indicating that it is the new audio
information channel device 23 for the synchrony group 20,
they will receive the audio and playback timing information
from the zone player 11(»') instead of the zone player 11(n),
using the multi-cast address provided by the zone player
11(»"). In addition, they can utilize the zone player 11(»')’s
unicast network address to obtain current time information
therefrom. It will be appreciated that the zone player 11(»')
will determine its current time in relation to the time stamp
that is provided by the zone player 11(n) (reference item (b)
above) or the current time information that it received from
the zone player 11(#) using the SNTP protocol as described
above. The zone player 11(»") will process successive audio
information files in the list that it receives from the zone
player 11(») (reference item (d)).

Operations performed by the zone players 11(x) and 11(»")
in connection with migration of the audio information chan-
nel device 23 for other types of audio information will be
apparent to those skilled in the art. In any case, preferably, the
zone player 11(») will continue operating as an audio infor-
mation channel device 23 for the synchrony group 20 for at
least a brief time after it notifies the zone player 11(»") that it
is to become audio information channel device for the syn-
chrony group, so that the zone player 11(»') will have time to
notify the zone players in the synchrony group 20 that it is the
new audio information channel device 23 for the synchrony
group.

Before proceeding further in describing operations per-
formed by the network audio system 10, it would be helpful to
provide a detailed description of a zone player 11(») con-
structed in accordance with the invention. FIG. 3 depicts a
functional block diagram of a zone player 11(z) constructed
in accordance with the invention. All of the zone players in the
network audio system 10 may have similar construction. With
reference to FIG. 3, the zone player 11(») includes an audio
information source interface 30, an audio information buffer
31, a playback scheduler 32, a digital to analog converter 33,
an audio amplifier 35, an audio reproduction device interface
36, a network communications manager 40, and a network
interface 41, all of which operate under the control of a
control module 42. The zone player 11(z) also has a device
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clock 43 that provides timing signals that control the general
operations of the zone player 11(»). In addition, the zone
player 11(») includes a user interface module interface 44 that
can receive control signals from the user interface module 13
(FIGS. 1 and 2) for controlling operations of the zone player
11(n), and provide status information to the user interface
module 13.

Generally, the audio information buffer 31 buffers audio
information, in digital form, along with playback timing
information. If the zone player 11(») is operating as the audio
information channel device 23 (FIG. 2) for a synchrony group
20, the information that is buffered in the audio information
buffer 31 will include the audio and playback timing infor-
mation that will be provided to the devices 21 and 22(g) in the
synchrony group 20. If the zone player 11(#) is operating as
the master device 21 or a slave device 22(g) for a synchrony
group, the information that is buffered in the audio informa-
tion buffer 31 will include the audio and playback timing
information that the zone player 11(») is to play.

The audio information buffer 31 can receive audio and
playback timing information from two sources, namely, the
audio information source interface 30 and the network com-
munications manager 40. In particular, if the zone player
11(») is operating as the audio information channel device 23
for a synchrony group 20, and if the audio information source
is a source 14(#)(s) connected to the zone player 11(»), the
audio information buffer 31 will receive and buffer audio and
playback timing information from the audio information
source interface 30. On the other hand, if the zone player
11(n) is operating as the audio information channel device 23
for a synchrony group 20, and if the audio information source
is a source 16(m) connected to the network 12, or a source
available over the wide area network, the audio information
buffer 31 will receive and buffer audio and playback timing
information from the network communications manager 40.
It will be appreciated that, if the zone player 11(z) is not a
member of the synchrony group, the zone player 11(z) will
not play this buffered audio and playback timing information.

Onyetanother hand, if the zone player 11(») is operating as
the master device 21 or a slave device 22(g) in a synchrony
group, and if the zone player 11(») is not also the audio
information channel device 23 providing audio and playback
timing information for the synchrony group 20, the audio
information buffer 31 will receive and buffer audio and play-
back timing information from the network communications
manager 40.

The audio information source interface 30 connects to the
audio information source(s) 14(n)(s) associated with the zone
player 11(r). While the zone player 11(») is operating as
audio information channel device 23 for a synchrony group
20, and if the audio information is to be provided by a source
14(n)(s) connected to the zone player 11(z), the audio infor-
mation source interface 30 will selectively receive audio
information from one of the audio information source(s)
14(n)(s) to which the zone player is connected and store the
audio information in the audio information buffer 21. If the
audio information from the selected audio information source
14(n)(s) is in analog form, the audio information source inter-
face 30 will convert it to digital form. The selection of the
audio information source 14(n)(s) from which the audio
information source interface 30 receives audio information is
under control of the control module 42, which, in turn,
receives control information from the user interface module
through the user interface module interface 44. The audio
information source interface 30 adds playback timing infor-
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mation to the digital audio information and buffers the com-
bined audio and playback timing information in the audio
information buffer 21.

More specifically, as noted above, the audio information
source interface 30 receives audio information from an audio
information source 14(z)(s), converts it to digital form if
necessary, and buffers it along with playback timing informa-
tion in the audio information buffer 21. In addition, the audio
information source interface 30 will also provide formatting
and scheduling information for the digital audio information,
whether as received from the selected audio information
source 14(n)(s) or as converted from an analog audio infor-
mation source. As will be made clear below, the formatting
and scheduling information will control not only playback by
the zone player 11(») itself, but will also enable other zone
players 11(»"), 11("), . . . that may be in a synchrony group
for which the zone player 11(») is the master device, to play
the audio program associated with the audio information in
synchrony with the zone player 11(n).

In one particular embodiment, the audio information
source interface 30 divides the audio information associated
with an audio work into a series of frames, with each frame
comprising digital audio information for a predetermined
period of time. As used herein, an audio track may comprise
any unit of audio information that is to be played without
interruption. On the other hand, an audio program may com-
prise a series of one or more audio tracks that are to be played
in succession. It will be appreciated that the tracks comprising
the audio program may also be played without interruption, or
alternatively playback between tracks may be interrupted by
aselected time interval. FIG. 4 schematically depicts an illus-
trative framing strategy used in connection with one embodi-
ment of the invention for a digital audio stream comprising an
audio work. More specifically, FIG. 4 depicts a framed digital
audio stream 50 comprising a sequence of frames 51(1)
through 51(F) (generally identified by reference numeral
51(f)). Each frame 51(f), in turn, comprises a series of audio
samples 52(f)(1) through 52(f)(S) (generally identified by
reference numeral 52(f)(s)) of the audio track. Preferably all
of the frames will have the same number “S” of audio
samples, although it will be appreciated from the following
that that is primarily for convenience. On the other hand, it
will be appreciated that, the number of audio samples may
differ from “S”; this may particularly be the case if the frame
51(f) contains the last audio samples for the digital audio
stream for a particular audio work. In that case, the last frame
51(F) will preferably contain samples 52(F)(1) through 52(F)
(x), where “x” is less than “S.” Generally, it is desirable that
the number of samples be consistent among all frames 51(f),
and in that case padding, which will not be played, can be
added to the last frame 51(F).

Associated with each frame 51(f) is a header 55(f) that
includes a number of fields for storing other information that
is useful in controlling playback of the audio samples in the
respective frame 51(f). In particular, the header 55(f) associ-
ated with a frame 51(f) includes a frame sequence number
field 56, an encoding type field 57, a sampling rate informa-
tion field 58, a time stamp field 60, an end oftrack flag 61, and
alength flag field 62. The header 55(f) may also include fields
(not shown) for storing other information that is useful in
controlling playback. Generally, the frame sequence number
field 56 receives a sequence number “f” that identifies the
relative position of the frame 51(f) in the sequence of frames
51(1)...51(f) . . . 51(F) containing the digital audio stream
50. The encoding type field 57 receives a value that identifies
the type of encoding and/or compression that has been used in
generating the digital audio stream. Conventional encoding
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or compression schemes include, for example, the well-
known MP3 and WAV encoding and/or compression
schemes, although it will be appreciated that other schemes
may be provided for as well. The sampling rate information
field 58 receives sampling rate information that indicates the
sampling rate for the audio samples 52(f)(s). As will be appar-
ent to those skilled in the art, the sampling rate determines the
rate at which the zone player 11(x) is to play the audio
samples 52(f)(s) in the frame, and, as will be described below,
determines the period of the digital to analog converter clock
34.

The condition of the end of work flag 61 indicates whether
the frame 51(f) contains the last digital audio samples for the
audio track associated with the framed digital audio work 50.
If the frame 51(f) does not contain the audio samples that are
associated with the end of the digital audio stream 50 for a
respective audio work, the end of work flag will be clear. On
the other hand, if the frame 51(f) does contain the audio
samples that are associated with the end of the digital audio
stream 50 for a respective audio work, the end of work flag 61
will be set. In addition, since the number of valid audio
samples 52(F)(s) in the frame 51(F), that is, the samples that
are not padding, may be less than “S,” the default number of
audio samples in a frame 51(f), the length flag field 62 will
contain a value that identifies the number of audio samples in
52(F)(s) in the last frame 51(F) of the audio work 50. If, as
noted above, the frames have a consistent number “S” of
samples, the samples 52(F)(x+1) through 52(F)(S) will con-
tain padding, which will not be played.

The time stamp field 60 stores a time stamp that identifies
the time at which the zone player 11() is to play the respec-
tive frame. More specifically, for each frame of a framed
digital audio stream 50 that is buffered in the audio informa-
tion buffer 21, the audio information source interface 30,
using timing information from the digital to analog converter
clock 34, will determine a time at which the zone player 11(z)
is to play the respective frame, and stores a time stamp iden-
tifying the playback time in the time stamp field 60. The time
stamp associated with each frame will later be used by the
playback scheduler 32 to determine when the portion of the
digital audio stream stored in the frame is to be coupled to the
digital to analog converter 33 to initiate play back. It will be
appreciated that the time stamps that are associated with
frames in sequential frames 51(1), 51(2), . . ., 51(F), will be
such that they will be played back in order, and without an
interruption between the sequential frames comprising the
digital audio stream 50. It will further be appreciated that,
after a time stamp has been determined for the first frame,
stored in frame 51(1), of a digital audio stream 50, the audio
information source interface 30 can determine time stamps
for the subsequent frame 51(2), 51(3), . . ., 51(F) in relation
to the number of samples “S” in the respective frames and the
sample rate. The time stamps will also preferably be such that
frames will be played back after some slight time delay after
they have been buffered in the audio information buffer 21;
the purpose for the time delay will be made clear below.

Returning to FIG. 3, in addition to dividing the digital
audio information into frames, the audio information source
interface 30 also aggregates and/or divides the frames 51(f) as
necessary into packets, each of which will be of a length that
would fit into a message for transmission over the network,
and associates each packet with a packet sequence number.
For example, if a packet will accommodate multiple frames
51(f), 51(f+1), . . . 51(f+y-1), it will aggregate them into a
packet and associate them with a packet number, for example
p(x). If the entire frames 51(f) and 51(f+y-1) was accommo-
dated in packet p(x), where “x” is the sequence number,
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which will occur if the size of a packet is an exact multiple of
the frame size, the next packet, p(x+1) will begin with frame
51(f+y) and will include frames 51(f+y), . . . , 51(f+2 y-1).
Subsequent packets p(x+2), . . . will be formed in a similar
manner. On the other hand, if the packet length will not
accommodate an exact multiple of the frame size, the last
frame in the packet will be continued at the beginning of the
next packet.

If the audio information source interface 30 is aware of
track boundaries, which may be the case if the tracks are
divided into files, the packets will reflect the track boundaries,
that is, the packets will not contain frames from two tracks.
Thus, if the last frames associated with a track are insufficient
to fill a packet, the packet will contain padding from the last
frame associated with the track to the end of the packet, and
the next packet will begin with the first frames associated with
the next track.

In one embodiment, the audio information source interface
30 stores the packets in the audio information buffer 31 in a
ring buffer. As is conventional, a ring buffer includes a series
of storage locations in the buffer. Each entry will be sufficient
to store one packet. Four pointers are used in connection with
the ring buffer, a first pointer pointing to the beginning of the
ring buffer, a second pointer pointing to the end of the ring
buffer, an third “write” pointer pointing to the entry into
which a packet will be written and a fourth “read” pointer
pointing to the entry from which packet will be read for use in
playback. When a packet is read from the ring buffer for
playback, it will be read from the entry pointed to by the read
pointer. After the packet has been read, the read pointer will
be advanced. If the read pointer points beyond the end of the
ring buffer, as indicated by the end pointer, it will be reset to
point to the entry pointed to by the beginning pointer, and the
operations can be repeated.

On the other hand, when the audio information source
interface 30 stores a packet in the ring buffer, first determine
whether the entry pointed to by the write pointer points to the
same entry as the entry pointed to by the read pointer. If the
write pointer points to the same entry as the entry pointed to
by the read pointer, the entry contains at least a portion of a
packet that has not yet been read for playback, and the audio
information source interface 30 will delay storage of the
packet until the entire packet has been read and the read
pointer advanced. After the read pointer has been advanced,
the audio information source interface 30 can store the packet
in the entry pointed to by the write pointer. After the packet
has been stored, the audio information source interface 30
will advance the write pointer. If the write pointer points
beyond the end of the ring buffer, as indicated by the end
pointer, it will be reset to point to the entry pointed to by the
beginning pointer, and the operations can be repeated.

As noted above, the zone player 11(») can operate both as
an audio information channel device 23 and a member of the
synchrony group 20 of which it is a member. In that case, the
audio information buffer 31 can contain one ring buffer. On
the other hand, the zone player 11() can operate as an audio
information channel device 23 for one synchrony group 20(1)
(FIG.2A) and a member of another synchrony group 20(2). In
that case, the audio information buffer 31 would maintain two
ring buffers, one for the audio and timing information asso-
ciated with synchrony group 20(1), and the other for the audio
and timing information associated with synchrony group
20(2). It will be appreciated that, in the latter case, the zone
player 11(») will only use the audio and timing information
that is associated with synchrony group 20(2) for playback.

The playback scheduler 32 schedules playback of the audio
information that is buffered in the audio information buffer 31
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that is to be played by the zone player 11(). Accordingly,
under control of the playback scheduler 32, the digital audio
information that is buffered in the audio information buffer 21
that is to be played by the zone player 11(») is transferred to
the digital to analog converter 33 for playback. As noted
above, if the zone player 11(») is operating as an audio infor-
mation channel device 23 for a synchrony group 20 for which
it is not a member, the playback scheduler 32 will not sched-
ule the digital audio information that is to be played by that
synchrony group 20 for playback. The playback scheduler 32
only schedules the digital audio information, if any, that is
buffered in the audio information buffer 31 that is associated
with a synchrony group for which the zone player 11(») is a
member, whether as master device 21 or a slave device 22(g).

Essentially, the playback scheduler 32 makes use of the
read pointer associated with the circular buffer that contains
the audio and playback timing information that is to be played
by the zone player 11(r). The playback scheduler 32 retrieves
the packet information from the entry of the ring buffer
pointed to by the read pointer, and then advances the ring
pointer as described above. The playback scheduler 32 deter-
mines the boundaries of the frames in the packet and uses the
time stamps in the time stamp fields 60 associated with the
respective frame 51(f), along with timing information pro-
vided by the zone player 11(x)’s digital to analog converter
clock 34, to determine when the respective frame is to be
transferred to the digital to analog converter 33. Generally,
when the time stamp associated with a buffered digital audio
information frame corresponds to the current time as indi-
cated by the digital to analog converter clock 34, the playback
scheduler 32 will enable the respective frame to be transferred
to the digital to analog converter 33.

The digital to analog converter 33, also under control of the
digital to analog converter clock 34, converts the buffered
digital audio information to analog form, and provides the
analog audio information to the audio amplifier 35 for ampli-
fication. The amplified analog information, in turn, is pro-
vided to the audio reproduction devices 15(r)() through the
audio reproduction device interface 36. The audio reproduc-
tion devices 15(#)(r) transform the analog audio information
signal to sound thereby to provide the audio program to a
listener. The amount by which the audio amplifier 35 ampli-
fies the analog signal is controlled by the control module 42,
in response to volume control information provided by the
user through the user interface module 13.

The network communications manager 40 controls net-
work communications over the network 12, and the network
interface 41 transmits and receives message packets over the
network 12. The network communications manager 40 gen-
erates and receives messages to facilitate the transfer of the
various types of information described above in connection
with FIG. 2, including the channel device control informa-
tion, slave device control information, audio and playback
timing information and the audio information channel
device’s clock timing information. In connection with the
channel device control information and the slave device con-
trol information, the network communications manager 40
will generate messages for transfer over the network 12 in
response to control information from the control module 42.
Similarly, when the network communications manager 40
receives messages containing channel device control infor-
mation and slave device control information, the network
communications manager will provide the information to the
control module 42 for processing.

With regards to the audio information channel device’s
clock timing information, as noted above, the master device
21 and slave devices 22(g) of the synchrony group 20 obtain
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the clock timing information from the audio information
channel device 23 using the well-known SNTP. If the zone
player 11(») is operating as the audio information channel
device 23 for a synchrony group, during the SNTP operation,
it will provide its current time, particularly a current time as
indicated by its digital to analog converter clock 34. On the
other hand, if the zone player 11(x) is operating as the master
device 21 or slave device 22(g) of a synchrony group 20, it
will receive the clock timing information from the audio
information channel device 23. After the respective device 21,
22(g) has obtained the audio information channel device’s
clock timing information, it will generate a differential time
value AT representing the difference between the time T
indicated by its digital to analog converter clock 34 and the
current time information from the audio information channel
device 23. The differential time value will be used to update
the time stamps for the frames of the digital audio stream 50
(FIG. 4) that are received from the audio information channel
device.

With regards to the audio and playback timing information,
operations performed by the network communications man-
ager 40 will depend on whether

(i) the audio and playback timing information has been
buffered in the audio information buffer 31 for transmission,
as audio information channel device 23, over the network 12
to the master device 21 and/or slave devices 22(g) of a syn-
chrony group, or

(i1) the audio and playback timing information has been
received from the network 12 to be played by the zone player
11(n) as either the master device 21 for a synchrony group or
a slave device in a synchrony group.

It will be appreciated that the network communications
manager 40 may be engaged in both (i) and (ii) contempora-
neously, since the zone player 11(») may operate both as the
audio information channel device 23(1) for a synchrony
group 20(1) (reference FIG. 2A) of which it is not a member,
and a member of another synchrony group 20(2) for which
another zone player 11(»') is the audio information channel
device 23(2). With reference to item (i) above, after a packet
that is to be transmitted has been buffered in the respective
ring buffer, the network communications manager 40
retrieves the packet, packages it into a message and enables
the network interface 41 to transmit the message over the
network 12. If the control module 42 receives control infor-
mation from the user interface module 13 (if the master
device 21 is also the audio information channel device 23 for
the synchrony group 20) or from the master device (if the
master device 21 is not the audio information channel device
23 for the synchrony group 20) that would require the trans-
mission of a “resynchronize” command as described above,
the control module 42 of the audio information channel
device 23 enables the network communications manager 40
to insert the command into a message containing the audio
and playback timing information. Details of the operations
performed in connection with the “resynchronize” command
will be described below. As noted above, the “resynchronize™
command is used if the user enables a synchrony group to
terminate the playback of a track that is currently being
played, or cancel playback of a track whose playback has not
begun.

On the other hand, with reference to item (ii) above, if
network interface 41 receives a message containing a packet
containing frames of audio and playback timing information
that the zone player 11(») is to play either as a master device
21 or a slave device for a synchrony group 20, the network
interface 41 provides the audio and playback timing informa-
tion to the network communications manager 40. The net-
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work communications manager 40 will determine whether
the packet contains a resynchronize command and, if so,
notify the control module 42, which will enable operations to
be performed as described below. In any case, the network
communications manager 40 will normally buffer the various
frames comprising the audio and playback timing informa-
tion in the audio information buffer 31, and in that operation
will generally operate as described above in connection with
the audio information source interface 30. Before buffering
them, however, the network communications manager 40 will
update their time stamps using the time differential value
described above. It will be appreciated that the network com-
munications manager 40 will perform similar operations
whether the messages that contain the packets were multi-
cast messages or unicast messages as described above

The updating of the time stamps by the master device 21
and the slave devices 22(g) in the synchrony group 20 will
ensure that they all play the audio information synchronously.
In particular, after the network communications manager 40
has received a frame 51(f) from the network interface 41, it
will also obtain, from the digital to analog converter clock 34,
the zone player 11(#)’s current time as indicated by its digital
to analog converter clock 34. The network communications
manager 40 will determine a time differential value that is the
difference between the slave device’s current clock time, as
indicated by its digital to analog converter 34, and the audio
information channel device’s time as indicated by the audio
information channel device’s clock timing information.
Accordingly, if the master or slave device’s current time has
avalue Tgand the audio information channel device’s current
time, as indicated by the clock timing information, has a value
T, the time differential value AT=T ;- T . If the current time
of the master or slave device in the synchrony group 20, as
indicated by its digital to analog converter clock 34, is ahead
of the audio information channel device’s clock time as indi-
cated by the clock timing information received during the
SNTP operation, the time differential value will have a posi-
tive value. On the other hand, if the master or slave device’s
current time is behind the audio information channel device’s
clock time, the time differential value AT will have a negative
value. If the zone player 11(x) obtains clock timing informa-
tion from the audio information channel device 23 periodi-
cally while it is a member of the synchrony group 20, the
network communications manager 40 can generate an
updated value for the time differential value AT when it
receives the clock timing information from the audio infor-
mation channel device 23, and will subsequently use the
updated time differential value.

The network communications manager 40 uses the time
differential value AT that it generates from the audio infor-
mation channel device timing information and zone player
11(r)’s current time to update the time stamps that will be
associated with the digital audio information frames that the
zone player 11(r) receives from the audio information chan-
nel device. For each digital audio information frame that is
received from the audio information channel device, instead
of storing the time stamp that is associated with the frame as
received in the message in the audio information buffer 21,
the network communications manager 40 will store the
updated time stamp with the digital audio information frame.
The updated time stamp is generated in a manner so that,
when the zone player 11(n), as a member of the synchrony
group plays back the digital audio information frame, it will
do so in synchrony with other devices in the synchrony group.

More specifically, after the zone player 11(z)’s network
interface 41 receives a message containing a packet that, in
turn, contains one or more frames 51(f), it will provide the
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packet to the network communications manager 40. For each
frame 51(f) in the packet that the network communications
manager 40 receives from the network interface 41, the net-
work communications manager 40 will add the time differ-
ential value AT to the frame’s time stamp, to generate the
updated time stamp for the frame 51(f), and store the frame
51(f), along with the header 55(f) with the updated time stamp
in the audio information buffer 31. Thus, for example, if a
frame’s time stamp has a time value T, the network commu-
nications manager 40 will generate an updated time stamp
TY having a time value T =T +AT. Since time value T
according to the slave device’s digital to analog converter
clock 34 is simultaneous to the time value T according to the
audio information channel device’s digital to analog con-
verter clock 34, the zone player 11(») device will play the
digital audio information frame at the time determined by the
audio information channel device 23. Since all of the mem-
bers of the synchrony group 20 will perform the same opera-
tions, generating the updated time stamps T for the various
frames 51(f) in relation to their respective differential time
values, all of the zone players 11(z) in the synchrony group 20
will play them synchronously. The network communications
manager 40 will generate updated time stamps T} for all of
the time stamps 60 in the packet, and then store the packet in
the audio information buffer 31.

It will be appreciated that, before storing a packet in the
audio information buffer 21, the network communications
manager 40 can compare the updated time stamps T asso-
ciated with the frames in the packet to the slave device’s
current time as indicated by its digital to analog converter
clock 34. If the network communications manager 40 deter-
mines the time indicated by the updated time stamps of
frames 51(f) in the packet are earlier than the zone player’s
current time, it can discard the packet instead of storing it in
the audio information buffer 21, since the zone player 11(»)
will not play them. That is, if the updated time stamp has a
time value T that identifies a time that is earlier than the
zone player’s current time T s as indicated by the zone player’s
digital to analog converter clock 34, the network communi-
cations manager 40 can discard the packet.

Ifthe zone player 11(r) is operating as the master device 21
of a synchrony group 20, when the user, through the user
interface module 13, notifies the zone player 11(») that
another zone player 11(z') is to join the synchrony group 20 as
a slave device 22(g), the control module 42 of the zone player
11(») enables the network communications manager 40 to
engage in an exchange of messages, described above in con-
nection with FIG. 2, to enable the other zone player 11(»") to
jointhe synchrony group 20 as a slave device. As noted above,
during the message exchange, the messages generated by the
network communications manager 40 of the zone player
11() will provide the network communications manager of
the zone player 11(») that is to join the synchrony group 20
with information such as the multi-cast address being used by
the audio information channel device 23 that is providing the
audio program to the synchrony group 20, as well as a unicast
network address for the audio information channel device 23.
After receiving that information, the network communica-
tions manager and network interface of the zone player 11(»')
that is to join the synchrony group 20 can begin receiving the
multi-cast messages containing the audio program for the
synchrony group, engage in SNTP transactions with the audio
information channel device 23 to obtain the latter’s current
time, and also enable the audio information channel device 23
to send the zone player 11(»') frames 51(f) that it had previ-
ously broadcast using the unicast message transmission
methodology as described above.
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On the other hand, if the network communications man-
ager 40 and network interface 41 of the zone player 11(»)
receive a message over the network 12 indicating that it is to
become a slave device 22(g) of a synchrony group for which
another zone player 11(»") is the master device, the network
communications manager 40 for zone player 11(z) will pro-
vide a notification to the control module 42 of zone player
11(r). Thereafter, the control module 42 of zone player 11(x)
can enable the network communications manager 40 of zone
player 11(n) to perform the operations described above to
enable it to join the synchrony group 20.

As noted above, the user, using user interface module 13,
can enable the synchrony group to terminate playback of a
track of an audio program that is currently being played. After
playback of a track that is currently being played has been
terminated, playback will continue in a conventional manner
with the next track that has been buffered in the audio infor-
mation buffer 31. It will be appreciated that that could be the
next track that is on the original play list, or a previous track.
In addition, the user can enable the synchrony group 20 to
cancel playback of a track that it has not yet begun to play, but
for which buffering of packets has begun in the synchrony
group 20. Both of these operations make use of the “resyn-
chronize” command that the master device 21 of the syn-
chrony group 20 can enable the audio information channel
device 23 to include in the multi-cast message stream that it
transmits to the synchrony group 20. Generally, in response to
receipt of the resynchronize command, the members of the
synchrony group 20 flush the ring buffer containing the pack-
ets that they are to play in the future. In addition, if the
members of the synchrony group provide separate buffers for
their respective digital to analog converters 33, the members
will also flush those buffers as well. After the audio informa-
tion channel device transmits a packet containing the resyn-
chronize command:

(1) in the case of the use of the resynchronize command to
terminate playing of a track that is currently being played, the
audio information channel device 23 will begin multi-casting
packets for the next track, to begin play immediately, and will
continue through the play list in the manner described above;
and

(i1) in the case of the use of the resynchronize command to
cancel play of a track for which buffering has begun, but
which is to be played in the future, the audio information
channel device 23 will begin multi-casting packets for the
track after the track that has been cancelled, to be played
beginning at the time the cancelled track was to begin play,
and will also continue through the play list in the manner
described above.

It will be appreciated that,

(a) in the first case (item (i) directly above), the resynchro-
nize command can enable the read pointer to be set to point to
the entry in the circular buffer into which the first packet for
the next track will be written, which will correspond to the
entry to which the write pointer points, but

(b) in the second case (item (ii) directly above), the resyn-
chronize command can enable the write pointer for the circu-
lar buffer to be set to point to the entry that contains the first
packet for the track whose play is being cancelled.

It will further be appreciated that, if a track is cancelled for
which buffering has not begun, the resynchronize command
will generally not be necessary, since the audio information
channel device 23 for the synchrony group 20 need only
delete that track from the play list.

Operations performed in connection with use of the resyn-
chronize command to cancel playback of a track that is cur-
rently being played will be described in connection with
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Packet Sequence A below, and operations performed in con-
nection with the use of the resynchronize command to cancel
playback of a track that is has not yet begun to play, but for
which buffering of packets has begun, will be described in
connection with Packet Sequence B below.

Packet Sequence A
(A1.0) [packet 57]

(A1.1 [continuation of frame 99]

(A1.2) [frame 100, time=0:00:01, type=mp3 audio]
(A1.3) [frame 101, time=0:00:02, type=mp3 audio]
(A1.4) [frame 102, time=0:00:03, type=mp3 audio]
(A2.0) [packet 58]

(A2.1) [continuation of frame 102]

(A2.2) [frame 103, time=0:00:04, type=mp3 audio]
(A2.3) [frame 104, time=0:00:05, type=mp3 audio]
(A2.4) [frame 105, time=0:00:06, type=mp3 audio]
(A3.0) [packet 59]

(A3.1) [continuation of frame 105]

(A3.2) [frame 106, time=0:00:07, type=mp3 audio]
(A3.3) [frame 107, time=0:00:08, type=mp3 audio]
(A3.4) [frame 108, time=0:00:09, type=mp3 audio]
(A4.0) [packet 60]

(A4.1) [continuation of frame 108]

(A4.2) [frame 109, time=0:00:10, type=mp3 audio]
(A4.3) [Resynchronize command]

(A4.4) [Padding, if necessary]

(AS5.0) [packet 61]

(A5.1) [frame 1, time=0:00:07, type=mp3 audio]
(A5.2) [frame 2, time=0:00:08, type=mp3 audio]
(A5.3) [frame 3, time=0:00:09, type=mp3 audio]
(A5.4) [frame 4, time=0.00.10, type=mp3 audio]
(A6.0) [packet 62]

(A6.1) [continuation of frame 4]

(A6.2) [frame 5, time=0:00:11, type=mp3 audio]
(A6.3) [frame 6, time=0:00:12, type=mp3 audio]
(A6.4) [frame 7, time=0:00:13, type=mp3 audio]

Packet Sequence A comprises a sequence of six packets,
identified by packet 57 through packet 62, that the audio
information channel device 23 multi-casts in respective mes-
sages to the members of a synchrony group 20. It will be
appreciated that the series of messages that the audio infor-
mation channel device 23 may multi-cast to the synchrony
group 20 may include a messages prior to the packet 57, and
may also include messages after packet 62. Each packet com-
prises a packet header, which is symbolized by lines (A1.0),
(A2.0), . .. (A6.0) in Packet Sequence A, and will generally
also include information associated with at least a portion of
a frame. In the packets represented in Packet Sequence A,
each packet includes information associated with a plurality
of frames. Depending on the lengths of the packets, each
packet may contain information associated with a portion of
a frame, an entire frame, or multiple frames. In the illustration
represented by Packet Sequence A, it is assumed that each
packet may contain information associated with multiple
frames. In addition, it is assumed that a packet does not
necessarily contain information associated with an integral
number of frames; in that case, a packet may contain infor-
mation associated with a portion of a frame, and the next
packet will contain the information associated with the rest of
a frame.

The frames and associated header playback timing infor-
mation contained in the various packets are symbolized by
lines (A1.1), (A1.2),...,(Al14),(A2.1),...(A6.4) of Packet
Sequence A. Thus, for example, line (A1.2) of packet 57
represents the one-hundredth frame, that is, frame 51(100)
(reference FIG. 4), of the track whose audio information is
being transmitted in the sequence Of packets that includes
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packet 57. The frame 51(100) is to be played at an illustrative
time, according to the audio information channel device’s
digital to analog converter clock, of “time=0:00:01,” and the
frame is encoded and/or compressed using the well-known
MP3 encoding and compression methodology. In that case,
the legend“time=0:00:01" represents the time stamp that
would be included in field 60 (FIG. 4) of the header associated
with the frame 50(100) as multi-cast by the audio information
channel device for the synchrony group. It will be appreciated
that the playback time and encoding/compression methodol-
ogy will be referred in the header 55(100) that is associated
with the frame 51(100). It will also be appreciated that the
header may also contain additional information as described
above.

Similarly, line (A1.3) of packet 57 represents the one-
hundred and first frame, that is, frame 51(101), of the track
whose audio information is being transmitted in the sequence
of packets that includes packet 57. The frame 51(101) is to be
played at an illustrative time, according to the audio informa-
tion channel device’s digital to analog converter clock, of
“0:00:02,” and the frame is also encoded and/or compressed
using the MP3 encoding and compression methodology. Line
(A1.4) of packet 57 represents similar information, although
it will be appreciated that, depending on the length of packet
57, the line may not represent the information for an entire
frame 51(102) and/or its associated header. If the length of
packet 57 is not sufficient to accommodate the information
for the entire frame 51(102) and/or associated header, the
information will continue in packet 58, as represented by line
(A2.1)in Packet Sequence A. Similarly, ifthe length of packet
56 was not sufficient to contain the information for an entire
frame 51(99) preceding frame 51(100), packet 57 (lines
(A1.0) through 1.4) may contain any information from frame
51(99) that packet 56 was unable to accommodate.

As noted above, when the master device 21 or a slave
device 22(g) in the synchrony group 20 receives the packet
57, its respective network communications manager 40 will
update the time stamps associated with the various frames
51(f) as described above before buffering the respective
frames in the respective audio information buffer 31.

Packets 58 and 59 contain information that is organized
along the lines described above in connection with packet 57.

Packet 60 also contains, as represented by lines (A4.1) and
(A4.2), information that is organized along the lines of the
information represented by lines (Ax.1) and (Ax.2) (“x”
equals an integer) described above in connection with packets
57 through 59. On the other hand, packet 60 contains a resyn-
chronize command, as represented by line (A4.3). Packet 60
also may contain padding, as represented by line 4.4, follow-
ing the resynchronize command. As noted above, the master
device 21 of a synchrony group 20 will enable the audio
information channel device 23 that is providing audio infor-
mation to the synchrony group 20 to multi-cast a message
containing the resynchronize command when it receives noti-
fication from the user interface module 13 that the user wishes
to cancel playback of a track that is currently being played. In
the example depicted in Packet Sequence A, as will be
described below, the audio information channel device 23
receives notification from the master device 21 that the user
wishes to cancel playback of a track at a time corresponding
to “time=0:00:07" according to its digital to analog converter
clock 34, and, in line (A4.3) of packet 60 it will provide the
resynchronize command, followed by padding, if necessary.

As will be apparent from examining lines (A3.1) through
(A3.4) of packet 59 and lines (A4.1) and (A4.2) of packet 60,
although the audio information channel device 23 has
received the notification from the synchrony group’s master
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device 21 to multi-cast the resynchronize command at a time
corresponding to “time=0:00:07" according to the clock time
indicated by its digital to analog converter clock 34, it (that is,
the audio information channel device 23) has already multi-
cast messages containing frames that are to be played at that
time and subsequently. That is, the audio information channel
device 23 has, multi-cast in packet 59, frames 51(106)
through 51(108) that contain time stamps “time=0:00:07,”
“time=0:00:08" and “time=0:00:09,” respectively, and, in
packet 60, in addition to the continuation of frame 51(108),
frame 51(109) that contains time stamp “time=0:00:10." (It
will be appreciated that the times indicated by the illustrative
time stamps are for illustration purposes only, and that in an
actual embodiment the time stamps may have different values
and differentials.)

As noted above, the audio information channel device 23
multi-casts a message containing a packet that, in turn, con-
tains the resynchronize command when it receives the noti-
fication from the master device 21 to do so. In the example
depicted in Packet Sequence A, the packet will be multi-cast
when the audio information channel device’s digital to analog
converter clock time corresponds to “0:00:07.” Subsequently,
two things happen. In one, aspect, when the master device 21
and slave devices 22(g) receive the packet that contains the
resynchronize command, they will stop playing the audio
program that they are playing.

In addition, the audio information channel device 23 will
begin transmitting frames containing audio information for
the next track, including therewith time stamps immediately
following the digital to analog converter clock time at which
the packet including the resynchronize command was trans-
mitted. Accordingly, and with further reference to Packet
Sequence A, the audio information channel device 23 will
multi-cast a message containing packet 61. As indicated
above, packet 61 contains, as represented in lines (A5.1)
through (AS5.3), frames 51(1) through 51(3), which are the
first three frames of the next track of the audio program that is
to be played. It is also compressed and encoded using the
MP3 encoding and compression scheme, and it is accompa-
nied by time stamps “time=0:00:07,” “time=0:00:08" and
“time=0:00:10." As noted above, the time stamp “time=0:00:
07 corresponds to the clock time at which the audio infor-
mation channel device 23 multi-casts the resynchronize com-
mand, and, when the master device 21 and slave devices 22(g)
receive these frames, they would be expected to begin playing
them very shortly, if not immediately after the audio infor-
mation channel device 23 multi-casts the message containing
the packet that, in turn, contains the resynchronize command.
Packet 61 also includes at least a portion of the next frame,
that is, frame 51(4), for that track. In addition, Packet
Sequence A depicted above further includes a subsequent
packet, namely, packet 62, that contains any necessary con-
tinuation of frame 51(4), as well as three subsequent frames.
If any additional packets are required for the track, as well as
for subsequent tracks, they can be multi-cast in a similar
manner.

As further noted above, the resynchronize command can
also be used to cancel playing of one or more tracks for which
playback has begun. This will be illustrated in connection
with Packet Sequence B:

Packet Sequence B
(B1.0) [packet 157]

(B1.1) [continuation of frame 99]

(B1.2) [frame 100, time=0:00:01, type=mp3 audio]
(B1.3) [frame 101, time=0:00:02, type=mp3 audio]
(B1.4) [frame 102, time=0:00:03, type=mp3 audio]
(B2.0) [packet 158]
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(B2.1) [continuation of frame 102]

(B2.2) [frame 103, time=0:00:04, type=mp3 audio]
(B2.3) [frame 104, time=0:00:05, type=mp3 audio]
(B2.4) [frame 105, time=0:00:06, type=mp3 audio]
(B3.0) [packet 159]

(B3.1) [continuation of frame 105]

(B3.2) [frame 106, time=0:00:07, type=mp3 audio]
(B3.3) [track boundary notification]

(B3.4) [Padding, if necessary]

(B4.0) [packet 160]

(B4.1) [frame 1, time=0:00:08, type=mp3 audio]
(B4.2) [frame 2, time=0:00:09, type=mp3 audio]
(B4.3) [frame 3, time=0:00:10, type=mp3 audio]
(B5.0) [packet 161]

(B5.1) [continuation of frame 3]

(B5.2) [frame 4, time=0:00:11, type=mp3 audio]
(B5.3) [Resynchronize, after packet 159]

(B5.4) [Padding, if necessary]

(B6.0) [packet 162]

(B6.1) [frame 1, time=0:00:08, type=mp3 audio]
(B6.2) [frame 2, time=0:00:09, type=mp3 audio]
(B6.3) [frame 3, time=0:00:10, type=mp3 audio]
(B6.4) [frame 4, time=0:00:11, type=mp3 audio]
(B7.0) [packet 163]

(B7.1) [continuation of frame 4]

(B7.2) [frame 5, time=0:00:12, type=mp3 audio]
(B7.3) [frame 6, time=0:00:13, type=mp3 audio]
(B7.4) [frame 7, time=0:00:14, type=mp3 audio]

Packet Sequence B comprises a series of seven packets,
identified by packet 157 through 163, that the audio informa-
tion channel device 23 multi-casts to the members of a syn-
chrony group 20. As with Packet Sequence A, it will be
appreciated that the series of packets that the audio informa-
tion channel device 23 may multi-cast to the synchrony group
20 may include packets prior to the packet 157, and may also
include packets after packet 162. Each packet comprises a
packet header, which is symbolized by lines (B1.0),
(B2.0), . . . (B7.0) in Packet Sequence B. As in Packet
Sequence A, each packet will also generally include informa-
tion associated with at least a portion of a frame 51(f) along
with its associated frame 55(f). As in the packets represented
in Packet Sequence A, each packet includes information asso-
ciated with a plurality of frames. Depending on the lengths of
the packets, each packet may contain information associated
with a portion of a frame, an entire frame, or multiple frames.
Further, as with Packet Sequence A, it is assumed that each
packet may contain information associated with multiple
frames. In addition, it is assumed that a packet does not
necessarily contain information associated with an integral
number of frames; in that case, a packet may contain infor-
mation associated with a portion of a frame, and the next
packet will contain the information associated with the rest of
a frame.

The structures of the packets represented by Packet
Sequence B are similar to those described above in connec-
tion with Packet Sequence A, and will not be repeated here.
Generally, Packet Sequence B illustratively contains a
sequence of packets that represent at least portions of three
tracks that may have been selected from, for example, a play
list. In particular, packets 157 through 159 represent frames
from a portion of one track, packets 160 and 161 represent
frames from a second track and packets 162 and 163 represent
frames from a third track. The play list indicated that the first,
second and third tracks were to be played in that order. With
particular reference to Packet Sequence B, it should be noted
that line (B3.3) indicates that packet 159 includes an indica-
tion that that packet contains the last frame for the track, and
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line (B3.4) provides for padding to the end of the packet. The
first frame of the next track begins in packet 160.

In connection with the use of the resynchronize command
to cancel playback of a track, at least a portion of which the
audio information channel device 23 has multi-cast to the
members of the synchrony group, packet 161, in line (B5.3)
represents a resynchronize command that indicates that
resynchronization is to occur after packet 159, that is, imme-
diately after the packet that contains the last frame of the first
of the three tracks represented by the packets in Packet
Sequence B. It should be noted that the resynchronize com-
mand is in the packet 161, while the resynchronization is to
occur at packet 160, that is, the synchrony group is to not play
the track starting with packet 160, but instead is to begin
playing the track frames for which begin with the next packet,
that is, packet 162. As with Packet Sequence A, in Packet
Sequence B the audio information channel device 23, in
packet 162 and 163, multi-casts frames whose time stamps
indicate that they are to be played when the frames that were
multi-cast in packets 160 and 161 were to be played. By use
of'the resynchronize command and specifying a packet in this
manner, the audio information channel device can cancel
playback of a track for which playback has not yet begun.

It will be appreciated that the resynchronize command is
generally not necessary for cancelling play back of a track
that the audio information channel device 23 has not started
multi-casting to the synchrony group 20, since the audio
information channel device 23 itself can re-order the play list
to accommodate the cancellation.

The invention provides a number of advantages. In particu-
lar, the invention provides a network audio system in which a
number of devices share information can reproduce audio
information synchronously, notwithstanding the fact that
packets, which may contain digital audio information, trans-
mitted over the network to the various zone players connected
thereto may have differing delays and the zone players oper-
ate with independent clocks. Moreover, although the inven-
tion has been described in connection with audio information,
it will be appreciated that the invention will find utility in
connection with any type of isochronous information for
which synchrony among devices is desired. The system is
such that synchrony groups are created and destroyed
dynamically, and in such a manner as to avoid requiring a
dedicated device as the master device.

It will be appreciated that a number of changes and modi-
fications may be made to the network audio system 10 as
described above. For example, although the invention has
been described as providing that the audio information chan-
nel device 23 provides digital audio information to the mem-
bers synchrony group 20 that has been encoded using particu-
lar types of encoding and compression methodologies, it will
be appreciated that the audio information channel device 23
can provide digital audio information to various members of
the synchrony group 20 that have been encoded and com-
pressed using different types of encoding and compression
methodologies, and, moreover, for which different sampling
rates have been used. For example, the audio information
channel device 23 may provide digital audio information to
the master device 21 and slave devices 22(1) through 22(g;)
using the MP3 methodology at a specified sampling rate, the
digital audio information for the same program to slave
devices 22(g,+1) through 22(g,) using the WAV methodol-
ogy at one specified sampling rate, and to slave devices
22(g,+1) through 22(G) using the WAV methodology at
another specified sampling rate. In that case, the audio infor-
mation channel device 23 can specify the particular encoding
and compression methodology that has been used in the
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encoding type field 57 associated with each frame and the
sampling rate in the sampling rate field 58. Moreover, since
the encoding and compression type and sampling rate are
specified for each frame, the encoding and compression type
and sampling rate can be changed from frame to frame. The
audio information channel device 23 may use different multi-
cast addresses for the different encoding and compression
types and sampling rates, but it will be appreciated that that
would not be required.

It will be appreciated that two advantages of providing that
the encoding and compression methodology and the sam-
pling rate is provided on a frame-by-frame basis, instead of
on, for example, a track-by-track basis, is that that would
facilitate a slave device joining the synchrony group 20 at a
frame mid-track, without requiring, for example, the master
device 21 or the audio information channel device 23 to notify
it of the encoding and compression methodology or the sam-
pling rate.

Another modification is that, instead of the network com-
munications manager 40 of a member of a synchrony group
20 generating the updated time stamp T“,. for a digital audio
information frame by adding the time differential value AT to
the time stamp T associated with a frame, the network com-
munications manager 40 may instead generate the updated
time stamp TY, by subtracting the differential time value AT
from the member’s current time T as indicated by the mem-
ber’s digital to analog converter clock 34 at the time at which
the digital audio information is received. It will be appreci-
ated, however, that there may be variable time delays in
processing of messages by the slave device’s network com-
munications manager 40, and so it may be preferable to
generate the time differential value AT using the time stamp
T, provided by the audio information channel device 23.

In addition, instead of the network communications man-
ager 40 of a member of a synchrony group generating an
updated time stamp to reflect the difference between the times
indicated by the member’s digital to analog converter clock
and the audio information channel device’s digital to analog
converter clock, the network communications manager 40
can generate the time differential value AT and provide it to
the member’s playback scheduler 32. In that case, the mem-
ber’s network communications manager 40 can store each
digital audio information frame along with the time stamp T,
as received from the master device in the audio information
buffer 21. The playback scheduler 32 can utilize the time
differential value AT, and the time stamps T - associated with
the digital audio information frames, to determine when the
respective digital audio information frames are to be played.
In determining when a digital audio information frame is to be
played, the playback scheduler can add the time differential
value to the time stamp T associated with the digital audio
frame, and enable the digital audio frame to be coupled to the
digital to analog converter 33 when the time indicated by the
sum corresponds to the current time as indicated by the slave
device’s digital to analog converter clock 34. Alternatively,
when the member’s digital to analog converter clock 34
updates its current time T, the playback scheduler can gen-
erate an updated current time T'g by subtracting the differen-
tial time value AT from the current time T, and using the
updated current time T'; to determine when to play a digital
audio information frame.

As described above, the members of a synchrony group 20
periodically obtain the audio information channel device’s
current time value and uses the current time value that it
receives from the audio information channel device to peri-
odically update the time differential value AT that it uses in
updating the time stamps associated with the various frames.
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It will be appreciated that, if the digital to analog converter
clock(s) associated with the member(s) of a synchrony group
20 are ensured to have the same rate as the digital to analog
converter clock, a member need only obtain the current time
value from the audio information channel device once, at the
beginning of playback.

As another alternative, if the zone players are provided
with digital to analog converter clock 34 whose time and rate
can be set by an element such as the network communications
manager 40, when a zone player 11(r) is operating as a
member of a synchrony group 20, its network communica-
tions manager 40 can use the various types of timing infor-
mation that it receives from the audio information channel
device 23, including the current time information and the
playback timing information indicated by the time stamps
that are associated with the various frames 51(f) comprising
the audio and playback timing information that it receives, to
adjust the synchrony group member’s digital to analog con-
verter clock’s time value and/or the clock rate that it uses for
playback. If the clock’s time value is to be adjusted, when the
synchrony group member’s network communications man-
ager 40 initially receives the current time information from
the audio information channel device 23 for the synchrony
group 20, the network communications manager 40 can set
the synchrony group member’s digital to analog converter
clock 34 to the current time value as indicated by the audio
information channel device’s current time information. The
network communications manager 40 can set the clock 34 to
the current time value indicated by the audio information
channel device’s current time information once, or periodi-
cally as it receives the current time information.

Alternatively or in addition, the synchrony group mem-
ber’s network communications manager 40 can use one or
both of the current time information and/or the playback
timing information in the time stamps associated with the
respective frames 51(f) to adjust the clock rate of the clock 34
that it uses for playback. For example, when the synchrony
group member’s network communications manager 40
receives a frame 51(f%) having a time stamp having a time
value T, it can generate the updated time value TUfX =T, +AT
as described above, and store the frame with the time stamp
with the updated time value in the audio information buffer
30. In addition, since both the number of samples in a frame
and the sampling rate, which determines the rate at which the
frame is to be played, are known to the network communica-
tions manager 40, it can use that information, along with the
updated time Value TV, . that is to be used for frame 51(fy) to
generate an expected updated time value T% ‘4, that is
expected for the updated time stamp of the next frame
51(fy,,). After the synchrony group member’s network com-
munications manager 40 receives the next frame 51(fy, ), it
can generate the updated time value TUf and compare that
value to the expected updated time value T .Ifthetwo time
values do not correspond, or if the difference f)etween them is
above a selected threshold level, the clock that is used by the
audio information channel device 23 to generate the time
stamps is advancing at a different rate than the synchrony
group member’s digital to analog converter clock 34, and so
the network communications manager 40 can adjust the rate
of'the digital to analog converter clock 34 to approach that of
the clock used by the audio information channel device 23 so
that the differential time value AT is constant. On the other
hand, if the two time values do correspond, then the time
differential value AT is constant, or the difference is below a
threshold level, and the network communications manager 40
need not change the clock rate of the digital to analog con-
verter clock 34. It will be appreciated that, if the clock rate is
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to be adjusted, the rate adjustment can be fixed, or it can vary
based on; for example, the difference between the updated
time value TUf)m and the expected updated time value T et

It will also be appreciated that, if no rate adjustment is
performed for one frame 51(f, , ), the synchrony group mem-
ber’s network communications manager 40 can generate an
expected updated time value T that is expected for the
updated time stamp of the next frame 51(f+,,) using the
updated time value TY,, ry determined for frame 51(fy), along
with the number of samples in a frame and the sampling rate,
and compare the expected updated time value T* s, 1O the
updated time value TY, fu, that it generates when it receives
frame 51(f,,,). At that p01nt, if the network communications
manager 41 determines that two time values do not corre-
spond, or if the difference between them is above a selected
threshold level, it can adjust the rate of the digital to analog
converter clock 34. Similar operations can be performed if no
rate adjustment is performed for several successive frames
51(fx.1) 51(f), - - - - This will accommodate the possibility
that the rate differential between the clock 34 and the clock
used by the audio information channel device 23 in generat-
ing the time stamps have rates that differ by an amount suf-
ficiently small that it cannot be detected using time stamps of
two or more successive frames.

Instead or in addition to adjusting the clock rate as
described above, the synchrony group member’s network
communications manager 40 can perform similar operations
in connection with adjusting the clock rate in connection with
the current time information that it receives from the audio
information channel device 23.

Furthermore, although the network audio system 10 has
been described such that the master device 21 of a synchrony
group 20 can, in response to control information provided
thereto by a user through the user interface module 13, pro-
vide a notification to a zone player 11(») that it is to become
a member of its synchrony group 20 as a slave device 22(g),
it will be appreciated that the user interface module 13 can
provide the notification directly to the zone player 11(») that
is to become a member of the synchrony group 20. In that
case, the zone player 11(x) can notify the master device 21
that it is to become a slave device 22(g) in the synchrony
group 20, after which the master device 21 can provide infor-
mation regarding the synchrony group 20, including the
multi-cast and unicast addresses of the audio information
channel device and other information as described above.

Similarly, although the network audio system 10 has been
described such that the master device 21 of a synchrony group
20 can, in response to control information provided thereto by
a user through the user interface module 13, provide a com-
mand to a slave device 22(g) to enable the slave device 22(g)
to adjust its volume, it will be appreciated that the user inter-
face module 13 can provide control information directly to
the slave device 22(g) to enable the slave device 22(g) to
adjust its volume.

In addition, although the network audio system 10 has been
described such that each frames 51(f) is associated with a
frame sequence number (reference field 56, FIG. 4), it will be
appreciated that, if the packets described above in connection
with Packet Sequence A and Packet Sequence B are provided
with packet sequence numbers, the frame sequence numbers
need not be provided, since the packet sequence numbers can
suffice for defining the frame sequencing.

Furthermore, although the network audio system 10 has
been described such that the zone players 11(») are provided
with an audio amplifier 35 for amplifying the analog signal
provided by the respective digital to analog converters 33, it
will be appreciated that a zone player may be provided that
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does not itself include an audio amplifier. In that case, the
analog signal may be coupled to an external amplifier for
amplification as necessary before being provided to the audio
reproduction device(s) 15(n)(r). It will be appreciated that a
single zone player 11() may be provided with multiple audio
amplifiers and audio reproduction device interfaces, and, if
necessary, multiple digital to analog converters 33, to provide
audio programs for corresponding numbers of synchrony
groups.

Similarly, although the zone players 11(z) have been
described such that they may be connected to one or more
audio information sources, it will be appreciated that an audio
information source may form part of and be integrated into a
zone player 11(n). For example, a zone player may include a
compact disk player, cassette tape player, broadcast radio
receiver, or the like, that has been integrated into it. In addi-
tion, as noted above, an individual zone player 11() may be
connected to multiple audio information sources and may
contemporaneously operate as the audio information channel
device 23 for multiple synchrony groups.

In addition, although FIG. 1 shows the network audio
system 10 as including one user interface module 13, it will be
appreciated that the system 10 may include a plurality of user
interface modules. Each user interface module be useful for
controlling all of the zone players as described above, or
alternatively one or more of the user interface modules may
be useful for controlling selected subsets of the zone players.

Moreover, it will be appreciated that, although the inven-
tionhas been described in connection with audio information,
it will be appreciated that the invention will find utility in
connection with any type of information for which synchrony
among devices connected to a network is desired.

As noted above, while a zone player 11(%) is operating as
audio information channel device 23 for a synchrony group
20, when the zone player 11(»)’s audio information source
interface 30 or network communications manager 40 stores
digital audio information frames based on audio information
from an audio information source 14(%)(s) in the audio infor-
mation buffer 31, it will provide time stamps for the respec-
tive frames to schedule them for playback after some time
delay after they have been buffered in the audio information
buffer31. The delay is provided so that, for other zone players
11(»"), 11(n"), . . . that are operating as members of a syn-
chrony group, there will be sufficient time for the audio and
playback timing information to be transferred over the net-
work 12 to those other zone players 11(#'), 11(»"), . . . so that
it can be processed and played by them at the appropriate time
as described above. The time period that is selected for the
time delay may be fixed or variable, and in either case may be
based on a number of factors. If the time period selected for
the time delay is fixed, it may be based on, for example,
factors such as an estimate of the maximum latency in the
network 12, the estimated maximum loading of the various
components comprising the zone players 11(n), and other
estimates as will be appreciated by those skilled in the art.

The time delay may be the same for audio information from
all types of audio information sources, and may be constant
over the entire period that the synchrony group 20 is playing
an audio work. Alternatively, different time delays may be
utilized based on various criteria. For example, if the audio
information is to be played independently of information
associated with other types of media, the time delay may be
selected to be relatively long, on the order of a significant
fraction of a second, or longer. On the other hand, if the audio
information is to be played contemporaneously with, for
example, video information, which may be supplied by, for
example, a video disk, video tape cassette, over cable, satel-
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lite, or broadcast television, which may not be buffered or
which may be displayed independently of the network audio
system 10, it may be undesirable to provide for such a lengthy
delay, since the time delay of the audio playback, in relation
to the video display, may be noticeable. In that case, the zone
player 11(») may provide for a much shorter time delay. In
one embodiment, the time delay provided for audio informa-
tion to be played concurrently with video information is
selected to be generally on the order of fifty milliseconds,
which would barely, if at all, be perceptible to someone view-
ing the video. Other desirable time delays for information
from other types of sources will be apparent to those skilled in
the art.

As yet a further possibility, the zone player 11(»), when
operating as an audio information channel device 23 for a
synchrony group 20, can dynamically determine the time
delay based on a number of conditions in the network audio
system 10, including, for example, the message transfer
latency in network 12, the loading of microprocessors or
other components that are used in the various zone players
11(»"), 11(»"), . . . that may comprise a synchrony group 20, as
well as other factors. For example, if the audio information
channel device 23 determines that the latency in the network
12 has increased beyond a selected threshold, the audio infor-
mation channel device 23 can adjust the delay to increase the
likelihood that the members of the synchrony group 20 will be
able to receive the packets and process the frames so that they
will be able to play them at the appropriate times. Similarly, if
the audio information channel device 23 is notified that a
member of the synchrony group 20 to which it provides audio
information requires additional time to receive and process
the frames that it transmits, the audio information channel
device 23 can adjust the delay accordingly. It will be appre-
ciated that, to reduce or minimize possible discontinuities in
the audio playback by the members of the synchrony group,
the audio information channel device 23 can, instead of
adjusting the time delay during a particular audio track, adjust
the time delay between tracks, during silent periods of a track
or otherwise as will be appreciated by those skilled in the art.
In addition, the audio information channel device 23 can use
conventional audio compression methodologies to facilitate a
speeding up and/or slowing down of playback of an audio
track while it is in the process of providing additional time
delay. Generally, the members of the synchrony group 20 can
provide notifications to the audio information channel device
23 if they determine that they will need an additional time
delay, and the audio information channel device 23 can adjust
the time delay in accordance with the notifications from the
members of the synchrony group 20.

It will be appreciated that a system in accordance with the
invention can be constructed in whole or in part from special
purpose hardware or a general purpose computer system, or
any combination thereof, any portion of which may be con-
trolled by a suitable program. Any program may in whole or
in part comprise part of or be stored on the system in a
conventional manner, or it may in whole or in part be provided
in to the system over a network or other mechanism for
transferring information in a conventional manner. In addi-
tion, it will be appreciated that the system may be operated
and/or otherwise controlled by means of information pro-
vided by an operator using operator input elements (not
shown) which may be connected directly to the system or
which may transfer the information to the system over a
network or other mechanism for transferring informationin a
conventional manner.

The foregoing description has been limited to a specific
embodiment of this invention. It will be apparent, however,
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that various variations and modifications may be made to the
invention, with the attainment of some or all of the advantages
of the invention. It is the object of the appended claims to
cover these and such other variations and modifications as
come within the true spirit and scope of the invention.
What is claimed as new and desired to be secured by
Letters Patent of the United States is:
1. A method comprising:
receiving, by a first playback device from a network device
configured to control the first playback device and com-
municatively coupled to the first playback device over a
local area network (LAN), control information compris-
ing an address identifying a location of audio informa-
tion available at an audio information source, wherein
the audio information source is outside of the LAN; and

after receiving the control information (i) obtaining, by the
first playback device from the audio information source
outside of the LAN, the audio information; (ii) transmit-
ting, by the first playback device to a second playback
device, the audio information, playback timing informa-
tion associated with the audio information, and device
clock information of the first playback device; and (iii)
playing back, by the first playback device, the audio
information in synchrony with the second playback
device by using the playback timing information asso-
ciated with the audio information and the device clock
information of the first playback device to play back the
audio information, wherein the first and second play-
back devices remain independently clocked during syn-
chronous playback of the audio information.

2. The method of claim 1, further comprising:

after receiving the control information, additionally (i)

generating, by the first playback device, the playback
timing information associated with the audio informa-
tion; and (ii) generating, by the first playback device, the
device clock information of the first playback device.

3. The method of claim 1, wherein the control information
further comprises one or more instructions for the first play-
back device and the second playback device to playback
audio information.

4. The method of claim 3, wherein the first and second
playback devices are members of a synchrony group, and
wherein the method further comprises:

transmitting, by the first playback device to the network

device, status information that comprises a status of the
synchrony group.

5. The method of claim 4, wherein the status information
further comprises an identification of each playback device in
the synchrony group.

6. The method of claim 5, wherein the status information
further comprises an identification of a master playback
device of the synchrony group.

7. The method of claim 6, wherein the first playback device
is the master playback device of the synchrony group.

8. A tangible non-transitory computer-readable medium
having instructions stored thereon that, when executed, cause
a first playback device to:

receive, from a network device configured to control the

first playback device and communicatively coupled to
the first playback device over a local area network
(LAN), control information comprising an address iden-
tifying a location of audio information available at an
audio information source, wherein the audio informa-
tion source is outside of the LAN; and

after receiving the control information, (i) obtain, from the

audio information source outside of the LAN, the audio
information; (ii) transmit, to a second playback device,
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the audio information, playback timing information
associated with the audio information, and clock time
information for the first playback device; and (iii) play
back the audio information in synchrony with the second
playback device by using the playback timing informa-
tion associated with the audio information and the clock
time information of the first playback device to play
back the audio information, wherein the first and second
playback devices remain independently clocked during
synchronous playback of the audio information.

9. A first playback device comprising:

one or mMore processors;

a network interface; and

tangible, non-transitory computer-readable memory com-

prising program instructions that, when executed by the

one or more processors, cause the first playback device

to:

receive, via the network interface from a network device
configured to control the first playback device and
communicatively coupled to the first playback device
over a local area network (LAN), control information
comprising an address identifying a network location
of'audio information available at an audio information
source, wherein the audio information source is out-
side of the LAN; and

after receiving the control information, (i) obtain, via the
network interface from the audio information source
outside of the LAN, the audio information; (ii) trans-
mit, via the network interface of the first playback
device to a second playback device, the audio infor-
mation, playback timing information associated with
the audio information, and device clock information
of the first playback device; and (iii) play back the
audio information in synchrony with the second play-
back device by using the playback timing information
associated with the audio information and the device
clock information of the first playback device to play
back the audio information, wherein the first and sec-
ond playback devices remain independently clocked
during synchronous playback of the audio informa-
tion.

10. The first playback device of claim 9, wherein the pro-
gram instructions, when executed by the one or more proces-
sors, further cause the first playback device to:

generate the playback timing information associated with

the audio information; and

generate the device clock information of the first playback

device.

11. The first playback device of claim 9, wherein the con-
trol information further comprises one or more instructions
for the first playback device and the second playback device
to playback audio information.

12. The first playback device of claim 11, wherein the first
and second playback devices are members of a synchrony
group, and wherein the program instructions, when executed
by the one or more processors, further cause the first playback
device to:

transmit, to the network device, status information that

comprises a status of the synchrony group.

13. The first playback device of claim 12, wherein the
status information further comprises an identification of each
playback device in the synchrony group.

14. The first playback device of claim 12, wherein the
status information further comprises an identification of a
master playback device of the synchrony group.
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15. The first playback device of claim 14, wherein the first
playback device is the master playback device of the syn-
chrony group.

16. The first playback device of claim 12, wherein the
status information further comprises an identification of one
or more slave playback devices in the synchrony group, and
wherein the second playback device is one of the one or more
slave playback devices in the synchrony group.

17. The first playback device of claim 16, wherein the
instructions, when executed by the one or more processors,
further cause the first playback device to:

generate a plurality of frames, wherein an individual frame

comprises at least a portion of the audio information and
the playback timing information associated with the
audio information, and wherein the first playback device
transmitting to the second playback device the audio
information, playback timing information, and device

5

40

clock information of the first playback device comprises
transmitting the plurality of frames to the second play-
back device.

18. The first playback device of claim 9, wherein the audio
information comprises one of audio files or packetized
streaming audio information.

19. The first playback device of claim 9, wherein the audio
information source outside of the LAN is an Internet-acces-
sible audio information source, and wherein obtaining, from
the audio information source outside of the LAN, the audio
information, comprises obtaining the audio information from
the Internet-accessible audio information source.

20. The first playback device of claim 9, wherein obtaining,
from the audio information source outside of the LAN, the
audio information, comprises sending, to the audio informa-
tion source, a request for the audio information.

* & £ * *
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IN THE UNITED STATES BISTRICT COURY
FOR THE DISTRICY OF DELAWARE

SONQOS, INC.,

Plaintiff,
Civil Action No. 14-1330-RGA
v,

D&M HOLDINGS INC. d/b/a THE
D+M GROUP, D&M HOLDINGS US.
INC., and DENON ELECTRONICS
(USA), LLC,

JURY TRIAL DEMANDED

Defendants.

SONOS, INCS AMENDED RESPONSES TO
DEFENDANT D&M HOLDINGS INCS
FIRSTSET OV INTERROGATORIES (MOS. -1 TO PLAINTIFF

Plaintiff, Sonos, Inc. (“Sonos™} responds to Defendant D&M Holdings Inc.”s (“D&M”)
first set of interrogatories {Nos. 1-11) as follows:

GENERAL OBJIECTIONS

Sonos asserts each of the following General Objections to each of D&M s
interrogatories. In addition to these General Objections, Sonos may also state Specific
Objections to specific interrogatories where appropriate. By setting forth such additional
Specific Objections, Sonos does not in any way intend to limit or restrict its General Objections.
Moreover, to the extent Sonos provides a response to any of D&M’s interrogatories to which
Sonos objects, such response shall not constitite a waiver of any General or Specific Objection.

1. Sonos’s amended responses to D&M s First Set of Interrogatories (Nos. 1-11) to
Plaintiff are made to the best of Sonos’s present knowledge, and Sonos reserves the right, at any
time, to revise, correct, supplement, modify, or clarify the specific responses set forth below or

the information disclosed therein. Discovery is in the early stages, and Sonos therefore reserves
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the right to amend, supplement, and/or alter its responses as warranted during the course of
discovery.

2. Sonos’s objections are made without prejudice to Sonos’s right to revise or
supplement them based on the discovery in this case, on facts or circumstances that may come to
Sonos’s knowledge, or if D&M subsequently asserts an interpretation of any discovery request
that differs from Sonos’s understanding. Sonos reserves the right to offer additional information
at trial that was obtained during discovery and/or investigation vet to be conducted in this case.

3. Sonos objects generally to these Interrogatories to the extent they purport to
require supplementation of these responses beyond the obligations required by Fed. R Civ. P.
26{e) and any applicable Local Rules.

4 Sonos objects generally to these Interrogatories as impermissibly premature to the
extent they require Sonos to provide information or produce documents prior to the Federal
Rules of Civil Procedure, the Local Rules of this Court, the Court’s Scheduling Order, the
Court’s Default Standard for Discovery, and/or any agreement between the parties.

5. Sonos objgcts generally to these Interrogatories to the extent that they fail to
comply with or seek to impose obligations in excess of those required by the Federal Rules of
Civil Procedure, the Local Rules of this Court, the Court’s Scheduling Order, the Court’s Default
Standard for Discovery, and/or any agreement between the parties.

6. Sonos objects generally to these Interrogatories to the extent that they seek
information not in the possession, custody, or control of Sonos.

7. Sonos objects generally to these Interrogatories to the extent that they seek
information protected by the attorney-client privilege, work product imnmunity, or any other

applicable privilege or immunity. Sonos has registered its privilege and immunity objections
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expressly to each interrogatory insofar as it recognizes that the interrogatory might be interpreted
to encompass privileged or immune information; for such Specific Objections, Sonos hereby
incorporates this General Objection 7. Moreover, the inadvertent production of any privileged or
immune information shall not signify any intent by Sonos to waive any applicable privileges or
immunities, nor shall Sonos be precluded from challenging the use of any inadvertently disclosed
information during any subsequent proceedings.

8. Sonos objects to these Interrogatories to the extent that they are premature
because Sonos’s responses depend upon review and analysis of information that D&M has vet to
provide in its responses to discovery requests, its disclosures under the Court’s Scheduling
Order, and/or its disclosures under the Court’s Default Standard for Discovery,

9. Sonos objects to these Interrogatories to the extent that they are premature as fact
discovery remains open in this case. Sonos further objects to these Interrogatories to the extent
they seek information that cannot be determined at this time before the relevant claims of the
Patents-in-Suit are construed and before Sonos has had full and complete discovery.

10. Sonos objects generally to these Interrogatories to the extent that they are
unreasonably duplicative and/or cumulative or seek information and/or documents and things
that are obtainable from a source that is more convenient, less expensive, or less burdensome
under Fed. R. Civ. P. 26(b)(2).

11 Sonos objects generally to each Interrogatory to the extent that the information
sought can be ascertained from documents that will be produced in discovery or that are uniquely
in D&M’ s possession, custody, and control.

12, Sonos objects to these Interrogatories to the extent that they call for the

production of information that is related to subject matter cutside of the United States.
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i3 Sonos objects generally to these Interrogatories to the extent that they exceed
D&M’s limit on the number of interrogatories to be served under the Court’s Scheduling Order
and to the extent that they contain subparts requiring separate and distinct responses.

14.  Sonos objects generally to the definitions from these Interrogatories. Sonos’s
responses to these Interrogatories do not constitute a representation that Sonos agrees with or
adopts any of D&M’s definitions.

15. Sonos objgcts to D&M’s definition of “Plaintiff)” “Sonos,” “you,” and “your”
{see Definition/Instruction 2) to the extent such definitions are overbroad in encompassing
related or unrelated entities that are not the owners of the Patents-in-Suit or in the business of
researching, developing, making, using, selling, or offering for sale any products whose use is
covered by the Patents-in-Suit in this litigation. Sonos objects to any purported obligation to act
on behalf of persons or entities over which Sonos has no control. In addition, Sonos objects to
any purported obligation to act on behalf of related persons or entities who hold no direct
ownership of the Patents-in-Suit and who played no material role in the research, development,
manufacture, use, sale, or offer for sale of anvy products whose use is covered by the Patents-in-
Suit. Sonos will respond to these Interrogatories on its own behalf alone. Sonos also objects to
the inclusion of Sonos’s “attorneys” within these definitions, insofar as such definitions seek
information protected by the attorney-client privilege and/or work product doctrine.

16. Sonos objects to the extent that these Interrogatories cover time periods not
relevant to this lawsuit (see Definition/Instruction 24). For example, Sonos objects to the extent
that these Interrogatories seek discovery from more than ¢ vears before the filing of the

complaint that is not related to asserted prior art or the conception and reduction to practice of
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the inventions claimed in any Patents-in-Suit, which is prohibited under the Court’s Scheduling
Order.

17. Sonos objects to D&M s definition of the term “document(s)” as overbroad and
unduly burdensome, and seeking to impose requirements or obligations on Sones in addition to,
beyond the scope of, or different from those imposed by the Federal Rules of Civil Procedure
and/or the Local Rules of this Court. “Document(s)” will be interpreted cousistent with Rule 34
of the Federal Rules of Civil Procedure.

18. Sonos objects generally to these Interrogatories as vague and ambiguous to the
extent they include terms or phrases that are undefined and/or unclear.

19, Sonos objects to any use of specific terms found in the claims of the Patents-in-
Suit to the extent these terms are subject to construction by the Court.

20. Sonos objects generally to these Interrogatories to the extent that they seek
information and/or the identification of individuals, documents and things relating to subjects not
raised by the pleadings, not relevant to any claim or defense, not material and necessary to the
prosecution or defense of this action, or not reasonably calculated to lead to the discovery of
admissible evidence.

21 Sonos objects generally to these Interrogatories to the extent that they require
Sonos to speculate or make judgments as to any future beliefs, contentions, or conduct.

22. Sonos’s objections are based on Sonos’s good-faith interpretation of these
Interrogatories and are subject to correction for any errors or omissions.

23. Sonos objects generally to any Interrogatory requiring the identification of “any”

or “all” documents, to the extent that such a request could be construed to place an undue burden

(V4]
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on Sonos, especially where the identification or production of less than “all” or “any” of the
documents will supply all the information needed.

24, Sonos objects generally to any Interrogatory requiring the identification of “any”
or “all” persons, to the extent that such a request could be construed to place an undue burden on
Sonos, especially where the identification of ess than “all” or “any” of the persons will supply
all the information needed.

25. Sonos objects generally to any Interrogatory requiring the description of “any” or
“all” facts and circumstances concerning a legal basis of liability, or any aspect thereof, which
may arise from D&M’ s conduct to the extent that such a request could be construed to be
overbroad or to place an undue burden on Sonos, especially where the description of less than
“all” or “any” of the relevant facts and circumstances will supply all the information needed.

26. Sonos’s agreement to produce documents responsive to a particular interrogatory
pursuant to Fed. R Civ. P. 33(d) indicates that Sonos will produce responsive documents to the
extent that such documents are in its possession, custody, or control, subject to the objections
Sonos has raised to that Interrogatory and the General Objections herein.

27. By agreeing to produce documents in response to these Interrogatories, Sonos
makes no representation that any such documents exist, but only represents that such documents
will be produced if they exist, can be located with reasonable diligence, and are not otherwise
protected from disclosure,

28. Songs provides these responses without waiver of or prejudice to its right, at any
fater time, to raise ohjections to: {a) the relevance, materiality, or admissibility of (i) these
Interrogatories or any part thereof, (i) statements made 1o these responses to these

Interrogatories or any part thereof, or (iii) any document produced pursuant to these responses;
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or (b} any further demand for discovery involving or relating to the matters raised in these
Interrogatories.

29. All confidential documents produced in response to these Interrogatories shalt be
subject to any protective order entered in this case. Any confidential documents produced prior
to the entry of a protective order shall be disclosed to outside counsel only pursuant to Delaware
LR 262

30. Sonos objects generally to these Interrogatories to the extent that they seek
information or documents that are subject to the terms of protective orders and/or confidentiality
agreements in other cases and/or with third parties.

31, These responses are made solely for the purpose of this action. Each response is
subject to all objections as to competence, relevance, materiality, propriety, and admissibility.

32 Sonos objects generally to these Interrogatories as overly broad and unduly
burdensome to the extent that they require Sonos to provide the same information in both a
substantive textual response and by citation to specific documents. Sonos may provide the
information called for by these Interrogatories, to the extent not otherwise objecied to, either by
citation to business records under Fed. R. Civ. P. 33(d) and/or with a substantive textual
response.

33, Sonos objects to identifying documents or commuuications and/or the subject
matter contained therein or thereof, in interrogatories calling for such identification, where such
documents/communications that are being produced and/or made available for inspection and
copying under Fed. R Civ. P. 34 and/or Fed. R. Civ. P. 33(d) speak for themselves.

34, Sonos objects to each of these Interrogatories to the extent that they seek

information that is or may be the subject of expert testimony as premature and unduly
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burdensome. A schedule for providing such expert testimony has been established by the
Federal Rules of Civil Procedure and the Court’s Scheduling Order. Sonos intends to provide
appropriate expert testimony according to that schedule and reserves its right to amend its
responses in light of such expert testimony.

35 To the extent not already set forth herein, Sonos incorporates the General
Objections and General Statements from its Objections and Responses to Defendants’ First Set
of Common Requests for Production of Bocuments herein by reference.

36, Sonos is willing to discuss its objections in a good-faith attempt to resolve or
narrow any differences between the parties.

37, The foregoing General Objections shall be deemed continuous throughout and are

hereby incorporated by reference in Sonos’s responses to the specific interrogatories that follow.

RESPONSES
Subject to, and without waiving, any General Objection, Sonos responds to the

Interrogatories below:

INTERROGATORY NO. 1;

For each Asserted Claim of the Patents-in-Suit, describe in detail the circamstances of its
invention. 4 complete answer will include, without limitation, identifying the carliest claimed
date(s) of conception and reduction to practice, when and where such conception and
reduction to practice occurred, all Persons involved in or otherwise having knowledge of such
conception and reduction to practice, the nature and extent of each individual’s involvement
in, and their relative contribution to such activities, including the substance of what each
waould testify to with regard to conception and reduction to practice, and all documents and
tangible things related to Plaintiff’s earliest claimed date(s) of conception and reduction to
practice, including an identification of the specific document{s} that corvoborate the
conception and reduction to practice of each element of the Asserted Claims.
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AMENDED RESPONSE TO INTERROGATORY KO, 1:

Sonos specifically objects to this Interrogatory as overly broad, unduly burdensome,
and/or calling for information that is neither relevant nor reasonably calculated to lead to the
discovery of admissible evidence. For example, this Interrogatory seeks an identification of “all
Persons . . . having knowledge of such conception and reduction to praciice,” regardless of how
such knowledge was acquired. Sonos further objects to this Interrogatory to the extent it seeks
information protected by the attorney-client privilege and/or work product immunity. For
example, invention disclosures are protected by the attorney-client privilege. See, e.g., fnre
Spalding Sports Worldwide, Inc., 203 F. 3d 800, 805-06 (Fed. Cir. 2000); Allergan Inc. v. Barr
Labs. Inc. 2010 WL 3328270, at *1 (D. Del. August 18, 2010). Sonos also objects to this
Interrogatory as premature to the extent it seeks expert discovery in advance of the date set forth
in the Federal Rules of Civil Procedure and/or the Court’s Scheduling Order. Sonos further
objects to this Interrogatory as premature to the extent it seeks information concerning the scope
of any asserted claim that will be the subject of claim construction proceedings before the Court.
Sonos further objects to this Interrogatory on the ground that it is a premature contention
interrogatory that has been filed betore a substantial amount of discovery has been conducted in
this lawsuit. See Fed. R. Civ. P. 33(a}2) ("[Tihe court may order that [a contention]
interrogatory need not be answered until after designated discovery has been completed . .. 7).

Subject to, and without waiving, the foregoing Specific and General Objections, Sonos
states that:

e the subject matter claimed in the 014 Patent was conceived and reduced to practice at

least as early as June 5, 2004;
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e the subject matter claimed in the “949 Patent was conceived and reduced to practice at
least as early as June 5, 2004;
e the subject matier claimed in the ‘224 Patent was conceived and reduced to practice at
least as early as May 15, 2004,
e the subject matter claimed in the “312 Patent was conceived and reduced to practice at
least as early as April 18, 2011,
e the subject matter claimed in the ‘637 Patent was conceived and reduced to practice at
least as early as May 9, 2007,
e the subject matter claimed in the ‘556 Patent was conceived and reduced to practice at
least as early as July 19, 2011;
» the subject matter claimed in the “258 Patent was conceived and reduced to practice at
least as early as Apnil 1, 2004,
e the subject matter claimed in the ‘509 Patent was conceived and reduced to practice at
least as early as January 25, 2011;
e the subject matter claimed in the *357 Patent was conceived and reduced to practice at
least as early as April 1, 2004;
s the subject matter claimed in the ‘959 Patent was conceived and reduced to practice at
least as early as April 8, 2011; and
e the subject matter claimed in the *197 Design Patent was conceived and reduced to
practice at least as early as the February 11, 2004,
Pursuant to Fed. R. Civ. P. Rule 33(d), Sonos has produced or will produce documents
from which information sought in this Interrogatory may be ascertained. See, e.g., Sonos’s

document production numbers SONDMO00028935-9383; SONDMO0O0045582-99;
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SONDMO00048734-38; SONDMO00049348-72; SONDMOG00049373-97, SONDMO00049398-
422; SONDMOG00049801-25; SONDMO0G0049826-50; SONDMO00049851-75;
SONDMO00048847; SONDMOG0050053-56; SONDMO00128315-17, SONDMO00048341-496;
SONDMOG0048831; SONDMO00049053-54; SONDMO00049075-77, SONDMO00049215-60;
SONDMO00049423-52; SONDMO00048805-808; SONDMO000048944-62; SONDMO00049051 -
52; SONDMO000049071-72; SONDMO000S50058-76, SONDMO00048497-673;
SONDMO000135935-6091; SONDMO00133331-437;, SONDMO000136092-260;
SONDMO00136261-409; SONDMO00128708-867; SONDMO0G0128868-999;
SONDMO00129000-2150; SONDMO00129300-431; SONDMO0O00129432-593;
SONDMO000129594-678; SONDMO00129679-722; SONDMOG0049007-42;
SONDMOG0128158-71; SONDMO00128311-12; SONDMO00048730; SONDMO00048731;
SONDMOG0049876-82; SONDMO00050270-73; SONDMO00129735-45; SONDMO000129747-
49; SONDMO00133917-21; SONDMO0G047772-74; SONDMO00047775-92;
SONDMOG0047793-99; SONDMO00048795-97; SONDMO00048798-99; SONDMO00048817-
18, SONDMO00051014-1033; SONDMO000051056-74; SONDMO00051075-90;
SONDMO00114698-700; SONDMO00114701-702; SONDMO0G0114708-710;
SONDMO00114742-49; SONDMO00118539-46; SONDMO0C0118548-52; SONDMO00133922-
24; SONDMOG0133932-35; SONDMO00134227-28; SONDMO00132813-16;
SONDMO00132822; SONDMOO0132822-26; SONDMO00145032; SONDM000145033;
SONDMO00145035; SONDMO000145036;, SONDMO00145736-37; SONDMO000146447-49;
SONDMO00146450-52; SONDMO00000318-19444; SONDMOG00052046-SONDMO00108803;
SONDMO00044681-714; SONDMO00126223; SONDMO000126431-33; SONDMO000126434-36;

SONDMO000121322-26; SONDMO000121327-37; SONDMO000121338; SONDMO000121304;
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SONDMO00121305-306; SONDMO00132827-28; SONDMO000132829; SONDMO000132830-31;
SONDMO00125282-364; SONDMO00125365; SONDMO00125366-68; SONDMO000125369;
SONDMOC0125370; SONDMO00125371; SONDMOG0125372; SONDMO00125373,
SONDMO00125374,

Sonos reserves the right to revise, correct, add to, supplement, or clanify its response to

this Interrogatory as additional information is discovered and/or becomes available.

INFERROGATORY NO, 2:

Hdentify any embodiments of any of the Asserted Claims of the Patents-in-Suit, including ol
products or services, if any, that Plaintiff contends practice or embody (or has at any time
practiced or embodied) any alleged invention described or claimed in the Patents-in-Suis,
including any products or services made by Plaintiff or third parties and including, withowt
fimitation, all licensed products or services, but excluding any products or services of
Defendants, and explain how each element of each cleim of the Patents-in-Suif are present in
each of the alleged embodiments. A complete answer will include the dates of creation and use,
the Persons and entities involved, the surrounding circumstances, and all supporting
documents and facts.

AMENDED RESPONSE TO INTERROGATORY NO. 2:

Sonos specifically objects to this Interrogatory as vague and ambiguous, as it appears (o
cover Defendants’ products and services, while at the same time exclude them. The reference to
“licensed products or services” in this Interrogatory is also objectionable as vague and
ambiguous, as it is unclear what “license” or “licenses” are being referred to. Sonos also objects
to this Interrogatory as overly broad, unduly burdensome, and/or calling for information that is
neither relevant nor reasonably calculated to lead to the discovery of admissible evidence. For
example, this Interrogatory seeks a legal analysis of products and services of third parties that
have not been accused of infringing any of the Patents-in-Suit. As another example, this

Interrogatory improperly seeks irrelevant embodiments that practice or embody descriptions in
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the Patents-in-Suit that are not claimed. As yet another example, this Interrogatory improperly
seeks discovery from more than 6 vears before the filing of the complaint, which is prohibited
under the Court’s Scheduling Order. Sonos further obiects to this Interrogatory to the extent it
seeks information protected by the attorney-client privilege and/or work product immunity.
Sonos also objects to this Interrogatory to the extent it seeks confidential, proprietary, and/or
sensitive business information, prior to the entry of a Protective Order in this case. In addition,
Sonos objects to this Interrogatory as premature to the extent it seeks expert discovery in
advance of the date set forth in the Federal Rules of Civil Procedure and/or the Court’s
Scheduling Order. Sonos further objects to this Interrogatory as premature to the extent it seeks
information concerning the scope of any asserted claim that will be the subject of claim
construction proceedings before the Court. Sonos further objects to this Interrogaiory on the
ground that it is a premature contention interrogatory that has been filed before a substantial
amount of discovery has been conducted in this lawsuit. See Fed. R. Civ. P. 33(a)2) (“[Tthe
court may order that [a contention] interrogatory need not be answered until after designated
discovery has been completed . .. 7).

Subject to, and without waiving, the foregoing Specific and General Objections, as stated
in Paragraph 14 of its Third Amended Complaint, Sonos provides a link to its U.S. Patents and
published U.S. Patent Applications, as well as a table that correlates Sonos’s patents to its

products, on Sonos’s website at www sonos.com/lecal/termsHpatents. See HEx. E to the Third

Amended Complaint. In addition, Sonos encloses notices of its patents with its product inserts
and manuals for its products, which provide that “[ojur patent-to-product information can be
found here: sonos.com/legal/patents.” See, e.g., Ex. F to the Third Amended Complaint.

Furthermore, to date, Sonos has not licensed any of the Patenis-in-Suit to anyone.
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The following table lists the devices that practice or embody one or more claims of one or
more of the Patents-in-Suit and that Sovos offers for saie (or previously offered for sale), as well

as the release dates and current availability for such products:

Sonos Product Release Date Still available?
ZP100 January 2005 No
CR100 January 2005 No
ZP80 January 2006 No
CONNECT:AMP (ZP120) August 2008 Yes
CONNECT (2PS0) August 2008 Yes
CR200 July 2009 No
PLAY:5 (gen 1) November 3, 2009 No
PLAY:S (gen 1 black) June 2, 2010 No
PLAY 3 July 20, 2011 Yes
SUB June 19, 2012 Yes
PLAYBAR March 4, 2013 Yes
PLAY:I QOctober 14, 2013 Yes
PLAY:S {(gen 2) November 20, 2015 Yes

Pursuant to Fed. R. Civ. P. Rule 33(d), Sonos has produced or will produce documents
from which information sought in this Interrogatory may be ascertained. See, e.g., Sonos’s
document production numbers SONDMO00034916-78; SONDMO00034979-024;
SONDMO0G0035025-154; SONDMOO00035424-25; SONDMO000035426-27, SONDMO00035423-
29; SONDMO000035432;, SCNDMO000035433-654; SONDMO00035655-56;
SONDMO00035657-58, SONDMO00035659-60;, SONBDMO00035661-959; SCNDMO00035960-
6215; SONDMO00036216-17, SONDMO00036218-357;, SONDMO00036358-59;

SONDMO00036360-64; SONDMO00036565-66; SONDMO00036567-746; SONDMO00036747-

14
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48; SONDMOG0036749-803; SONDMOU0037002-03; SONDMO0O037004-05;
SONDMO00037006-50; SONDMO00037076-88; SONDMO00037089-102; SONDMO00037103-
40; SONDMO000037141-48; SONDMO0G037159-204, SONDMO0O00037205-49,
SONDMO00037250-370; SONDMO00037371-85; SONDMO000037386-99; SONDMO00037400-
14; SONDMO00037415-28; SONDMO000037429-45; SONDMO00037446-494;
SONDMO00037495-553; SONDMO00G037564-78; SONDMO00037579-91; SONDMO00037592-
005, SONDMUO00037616-720; SONDMO00037721-34; SONDMOG0037735-48,;
SONDMO00037749-58; SONDMOC0037759-72;, SONDMO00037773-828; SONDMO00G037829-
894; SONDMO00037920-34; SONDMO00037935-47; SONDMOO0037948-61;
SONDMO00037962-8003; SONDMO00038014-62; SONDMO00038063-108;
SONDMO00038109-233; SONDMO00038234-38; SONDMO00038239-56; SONDMO00038257-
71, SONDMO00038272-86; SONDMO00038287-301; SONDMO00G038302-15;
SONDMO00038316-323; SONDMO00038324-56; SONDMO00038357-69; SONDMO00038370-
413; SONDMO00038414-461; SONDMO00038504-518; SONDMO00038519-36;
SONDMO000038537-53; SONDMO00038554-87, SONDBMO00038598-638; SONDMO00038639-
80; SONDMOO00038681-742; SONDMO00038743-57; SONDMOOC038758-74;
SONDMO00038775-89; SONDMO00038790-808; SONDMO000038809-23; SONDMO00038824-
40; SONDMOG0038841-48; SONDMO00038849-82; SONDMO00038883-915;
SONDMOG0038916-32; SONDMO00038933-45; SONDMO00038946-96; SONDMOO038997-
044; SONDMO00039077-101; SONDMOG00039102-124; SONDM(00039125-49;
SONDMO00039150-96; SONDMO00039197-242; SONDMO000039243-308,;
SONDMOG0039309-31; SONDMO000039332-55; SONDMO00039356-78; SONDMO00039379-

417, SONDMUG00039418-54; SONDMO00039455-71; SONDMO00039472-74;
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SONDMO00044854-90; SONDMO000045210-37; SONDMO00045238-65; SONDMO00148449-
90, SONDMO00148502-725.
Sonos reserves the right to revise, correct, add to, supplement, or clarify its response to

this Interrogatory as additional information is discovered and/or becomes available.

INTERROGATORY NO. 3:

If Plaintiff contends that there exists any secondary considerations or objective evidence of
non-ebviousness with respect to the Patents-in-Suit, state in detail the fuctual basis for
Plaintiff’s contention, state each fact that supports, relates to, or refutes such contention,
identify each item of other evidence, including documents, that support, relate to or refiite
such contentions, and identify each Person with knowledge of such facts.

AMENDED RESPONSE TO INTERROGATORY NG, 3:

Sonos specifically objects to this Interrogatory to the extent it seeks information protected
by the attorney-client privilege and/or work product immunity. Sonos also objects to this
Interrogatory to the extent it seeks confidential, proprietary, and/or sensitive business
information, prior to the entry of a Protective Order in this case. In addition, Sonos objects to
this Interrogatory as premature in that it segks information to be included in Sonos’s Initial
Disclosures in advance of the date set forth in the Court’s Scheduling Order. Sonos also objects
to this Interrogatory as premature o the extent it seeks expert discovery in advance of the date
set forth in the Federal Rules of Civil Procedure and/or the Court’s Scheduling Order. Sonos
further objects to this Interrogatory as premature to the extent it seeks information concerning the
scope of any asserted claim that will be the subject of claim construction proceedings before the
Court. In addition, Sonos objects to this Interrogatory on the ground that it is a premature
contention interrogatory that has been filed before a substantial amount of discovery has been

conducted in this lawsuit. See Fed. R. Civ. P. 33(a)(2} (“['TThe court may order that [a
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contention] interrogatory need not be answered until after designated discovery has been
completed . .. 7).

Subject to, and without waiving, the foregoing Specific and General Objections, Sonos
states that: (i) evidence of commercial success and acceptance in the industry may be found, for
example, in Sonos’s and Defendants’ sales and distribution of products embodying the
inventions claimed in the Patents-in~-Suit; (i1} evidence of copying by competitors may be found,
for example, in Defendants’ marketing and sales of such products; and (111} evidence of praise by
others may be found, for example, in the press and media coverage on Sonos’s products. See
also Paragraphs 12-24 of Sonos’s Third Amended Complaint, and the exhibits cited therein, all
of which are incorporated herein by reference.

Pursuant to Fed. R. Civ. P. Rule 33(d)}, Sonos has produced or will produce documents
from which information sought in this Interrogatory may be ascertained. See, e.g, Sonos’s
document production numbers SONDMO00G033217-20; SONDMO000033221-24;
SONDMOG0033225-27, SONDMO000033228-30; SONDMO00033258-64; SONDMOG0033265-
67, SONDMO0O0033268-70;, SONDMOG0033271-73;, SCNDMO00G033274-78,
SONDMO00033279-80; SONDMO00033281-83; SONDMO00033284-341; SONDMO00044582-
85; SONDMO00044612-13; SONDMO000044387-89; SONDMO000044440-41;
SONDMO000044464-65; SONDMO00044486-87, SONDMO00044522-23; SONDMO00044532-
33; SONDMO000044649-52; SONDMO000044608-69;, SONDMO00044614-16;
SONDMO00044600-603; SONDMO00044575-78; SONDMO000044333-84; SONDMO0C0044337-
38; SONDMO00044493-94; SONDMO000044621-24; SONDMO00044625-28;
SONDMO0G0044629-32; SONDMUO00044666-67, SONDMO00044586-90; SONDMO0G0044353-

54, SONDMO00044595-99; SONDMO00044415-16;, SONDMO00(044484-85;
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SONDMO00044591-94; SONDMO00044357-58; SONDMO00044526-27, SONDMO00044563-
64; SONDMO00044505-506; SONDMO00044641-44; SONDMO00044657-60;
SONDMOG00446061-63; SONDMO000044664-65; SONDMO000044670-71; SONDMO000443608-

69; SONDMO00044609-11; SONDMO000044653-56; SONDMO00044559-60;

SONDMO00044419-20; SONDMO000044403-404; SONDMO00044488-89; SONDMG00044604
605; SONDMO00033979-81; SONDMOG0033982; SONDMO00033983-94;
SONDMO000033995-4000; SONDMO000034001-4014; SONDMO000034015-18,
SONDMO00034019-24; SONDMO000034025-32; SONDMO000034033-37; SONDMO00034038-
43; SONDMO00034044-48; SONDMO00034049-50; SONDMO00034051-64;
SONDMO00034065-70; SONDMO000034071-77; SONDMO000034078-32; SONDMO0G0034083-
34, SONDMO00034085; SONDMO00034086-88; SONDMO00034100-105;

SONDMO00034108-109; SONDMO00034110-12; SONDMO00034113-14; SONDMO00034124

26; SONDMO00034134-36; SONDMO00034581-83; SONDMO00034734-37;
SONDMOG0034738-40; SONDMO000034741-42; SONDMO00034751-67; SONDMO00034786-
&7, SONDMO0O0034788; SONDMO00034789; SONDMG0003479(¢; SONDMO00034791,
SONDMO00034793-97;, SONDMO000034819-25; SONDMO000034826-28; SONDMO0G0034829-
31; SONDMO0O0045361-62; SONDMO000045363-67, SONDMO00O045370-71;
SONDMO00045372-74; SONDMO00045375-78; SONDMO00045379-81; SONDMOG0045382-
34; SONDMOO00045385-86; SONDMO00045387-89, SONDMO00045390-92;
SONDMO00045393-97; SONDMO00045398-99; SONDBMO000045404-406; SONDMO000045407-
408; SONDMO00045417-19; SONDMO0G0045420-22; SONDMO00045423-26,
SONDMOG0045427; SONDMO00045430-31; SONDMO00045434-40; SONDMO00045441-44;

SONDMO00045465-74; SONDMO00045475-77; SONDMO00045478-07; SONDMO0O00045514-
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41, SONDMOC0045542-48; SONDMO00045549-53; SONDMO00045554-55;
SONDMO00045556-60; SONDMO00046108-137; SONDMO00046138-206;
SONDMO00046207-349; SONDMO00046350-460; SONDMOG0046467-95,
SONDMO00046496-530; SONDMO00046531-33; SONDMO00046534-6035;
SONDMO00046606-41; SONDMO00046642-88; SONDMO00046723-818; SONDMO00046819-
68; SONDMO00046869-99; SONDMO03046900-30; SONDMO00046931-45;
SONDMO000046946-52; SONDMO00046953-87; SONDMO00046988-7022;
SONDMO00047023-55; SONDMO00047056-84; SONDMO00047085-102; SONDMO000047103-
23; SONDMO00047127-38; SONDMO000047486-618; SONDMO0G047619-77;
SONDMO00047812-14; SONDMO00047817-20; SONDMO00047821-26; SONDMOG0047832-
33; SONDMO000047834-37; SONDMO000047838-40; SONDMO00047850-52;
SONDMOG0047855-60; SONDMO00047861-62; SONDMO00047867-70; SONDMOCG0047871-
73; SONDMO00047876-77;, SONDMOOC047881-83; SONDMO00047884-85;
SONDMOG0047886-88; SONDMO00047996-8007; SONDMO00048052-85;
SONDMO00048086-153; SONDMO0G048154; SONDMO00114132-34; SONDMO000114135-40;
SONDMO00114141-45; SONDMO000114146-48; SONDMO000114149-55; SONDMO00114156-~
59; SONDMO0O0114160; SONDMO00114161-67;, SONDMO00114168-70; SONDMO00114171-
72, SONDMO0O0114173-80; SONDMO000114181-201; SONDMO000114202-208;
SONDMO00114209-213; SONDMO00114214-15; SONDMO0001142106-22; SONDMO00114223-
24; SONDMO00114235-46; SONDMO00114247-58; SONDMO000114274-79;
SONDMO00114280-88; SONDMO000114289-305; SONDMO000114306-309;
SONDMOG0114310-12; SONDMO000114313-17; SONDMO00114345-50; SONDMO00114375-

79, SONDMO00114380-82; SONDMO000114383-86; SONDMO00114387-97,
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SONDMO00114398-405; SONDMO00114400-411; SONDMO0O0114428-31;
SONDMO000114432-35; SONDMO000114436-40; SONDMO000114441-46; SONDMO000114447-
57, SONDMO000114460-70; SONDMO000114471-74, SONDMO00114475-77;
SONDMO00114478-81; SONDMO00114482-88; SONDMO00114489-94; SONDMO000114495-
98; SONDMO00114499-509; SONDMOC0114510-23; SONDMO00114530-37;
SONDMOG0114538-41; SONDMO000114542; SONDMO000114543; SONDMO000114545-47;
SONDMO00114548; SONDMOO00114551; SONDMO000114552-53; SONDMO000114555-56;
SONDMO00114557-59; SONDMO000114560; SONDMO000114561; SONDMO00114567;
SONDMO00114568-75;, SONDMO0G114580; SONDMO00114581-84; SONDMO00114585;
SONDMO00114586; SONDMOG0114587; SONDMO000114592-604; SONDMO00114609-611;
SONDMOG0114612; SONDMOG0114613; SONDMO000114014-16; SONDMO000114617-18;
SONDMO00114619; SONDMO000114620-23; SONDMO000114627-31; SONDMO00114632;
SONDMO00114633-34; SONDMO000114635-37; SONDMO00114641-43; SONDMOG0114645;
SONDMOG0114646; SONDMO0O0114647-58; SONDMO0O00114660; SONDMO000114663-64;
SONDMO00114665%, SONDMO001 14666; SONDMO000114667, SONDMO001 14668-69;
SONDMO00114670; SONDMO0G0114671; SONDMO000114672; SONDMO00114674;
SONDMO00114675-79; SONDMO0G1 14681, SONDMO000114682; SONDMO000114683-85;
SONDMO000114692; SONDMO00114693-95; SONDMO00114696; SONDMO00114697;
SONDMO00119104-07; SONDMO00121307-21; SONDMO000121339-2985,
SONDMO00122986-3020; SONDMO00123021-830; SONDMO00123831-5214
SONDMO00132834-004; SONDMO00132905-11; SONDMO000135539-43; SONDMO00135544-

49; SONDMO00135733-36; SONDMO00147190-259; SONDMO00151257-59.
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Sonos reserves the right to revise, correct, add to, supplement, or clarify its response o

this Interrogatory as additional information is discovered and/or becomes available.

INTERROGATORY NOG. 4:

For each product identified in response to Interrogatory Ne. 2 that allegedily practices or
embodies (or has at any time allegedly practiced or embodied) any alleged invention cluaimed
or described in the Patents-in-Suit, identify the unit sales, customers, revenues (net and
gross), cost of goods sold, profit (net and gross}, and allocated expenses, derailing what is
included in each, for each product or service by month, and identify all documents in support
thereof.

AMENDED RESPONSE TO INTERROGATORY NO. 4;

Sonos incorporates its objections and amended response to Interrogatory No. 2 herein by
reference. Sonos also specifically objects to this Interrogatory as vague and ambiguous, as it is
unclear what the phrases “detailing what is included in each” and “in support thereof” mean or
refer to. Sonos also objects to this Interrogatory as overly broad, unduly burdensome, and/or
calling for information that is neither relevant nor reasonably calculated to lead to the discovery
of admissible evidence. For example, this Interrogatory seeks an identification of Sonos’s
“customers,” which is not relevant to this litigation. As another example, this Interrogatory
seeks “all documents in support,” which is overly broad and unduly burdensome. As yet another
example, this Interrogatory improperly seeks discovery from more than 6 years before the filing
of the complaint, which is prohibited under the Court’s Scheduling Order. Sonos further objects
to this Interrogatory to the extent it seeks confidential, proprietary, and/or sensitive business
information, prior to the entry of a Protective Order in this case. In addition, Sonos objects to
this Interrogatory as premature to the extent it seeks expert discovery in advance of the date set

forth in the Federal Rules of Civil Procedure and/or the Court’s Scheduling Order.
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Subject to the foregoing General Objections, General Statements, and specific objections,
and pursuant to Fed. R. Civ. P. Rule 33(d), Sonos has produced or will produce documents from
which information sought in this Interrogatory may be ascertained. See, e.g2., Sonos’s document
production numbers SONDMO00048258; SONDMO00048259-60; SONDMO00048266-315;
SONDMO00048316-25; SONDMO00048326-34; SONDMO00048335; SONDMO00051400-506;
SONDMOG00S51523-28; SONDMO00052041; SONDMO000052042; SONDMO0O00052043;
SONDMO00052044; SONDMOCO052045; SONDMOG00125215-232; SONDMOG0135504;
SONDMO00135733-36; SONDMO00147188; SONDMO000147189; SONDMO000147260-64;
SONDMO00147265; SONDMO00151254-56; and SONDMO00151260.

Sonos reserves the right to revise, correct, add to, supplement, or clarify its response to

this Interrogatory as additional information is discovered and/or becomes available.

INTERROGATORY NGO, S:

fdentify each product, if any, that has ever been marked with the patent number of the
Patents-in-Suit, including the date when such marking was first made, the date on which
such marking stopped (whether temporarily or permaneantly), and the pateat nambers or
numbers marked. A complete answer will include an identification of all docauments or things
that you contend provide evidence of such marking, and an identification of all Persons with
knowledge concerning such fucts (specifically identifying the Person or Persons most
knowledgeable) to the extent not already specifically disclosed in Plaintiff's initial disclosures.

AMENDED RESPONSE TO INTERROGATORY NG, 5

Sonos specifically objects to this Interrogatory as vague and ambiguous, as it seeks the
identity of “patent numbers” on products “marked with the patent number.” The reference to
“patent numbers or numbers marked” in this Interrogatory is also objectionable as vague and
ambiguous, as it is unclear what “numbers” are being referred to. Sonos also objects to this

Interrogatory as overly broad, unduly burdensome, and/or calling for information that is neither

b
b
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relevant nor reasonably calculated to lead to the discovery of admissible evidence. For example,
this Interrogatory seeks an identification of “all documents or things,” “all Persons with
knowledge,” and “the Person or Persons most knowledgeable” As another example, this
Interrogatory requires an identification of “the date on which such marking stopped,” which
improperly requires a presumption to be made that Sonos stopped its patent marking. As vet
another exaraple, this Interrogatory improperly seeks discovery from more than 6 years before
the filing of the complaint, which is prohibited under the Court’s Scheduling Order. Sonos
further objects to this Interrogatory to the extent it seeks information protected by the attorney-
client privilege and/or work product immunity. Sonos also objects to this Interrogatory on the
ground that it is a premature contention interrogatory that has been filed before a substantial
amount of discovery has been conducted in this lawsuit. See Fed. R Civ. P. 33(a)(2) (“[Tlhe
court may order that [a contention] interrogatory need not be answered until after designated
discovery has been completed . .. ).

Subject to, and without waiving, the foregoing Specific and General Objections, as stated
in Paragraph 14 of its Third Amended Complaint, Sonos provides a link to its U.S. Patents and
published U 8. Patent Applications, as well as a table that correlates Sonos’s patents to its

products, on Sonos’s website at www sonos condlegal/termsfpatents. See Ex_ E to the Third

Amended Complaint. In addition, Sonos encloses notices of its patents with its product inserts
and manuals for its products, which provide that “[o]ur patent-to-product information can be
found here: sonos.com/legal/patents.” See, e.g., Ex. F to the Third Amended Complaint.

Subject to the foregoing General Objections, General Statements, and specific objections,
and pursuant to Fed. R. Civ. P. Rule 33(d), Sonos has produced or will produce documents from

which information sought in this Interrogatory may be ascertained. See, e.g., Sonos’s document
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production numbers SONDMO000034916-78; SONDMO000034979-024; SONDMO00035025-154;
SONDMO00035424-25; SONDMO00035426-27; SONDMO00035428-29; SONDMO00035432;
SONDMO00035433-654; SONDMO00035655-56; SONDMO00035657-58; SONDMO00035659-
60; SONDMO00035661-959; SONDMOC0035960-6215; SONDM(00036216-17;
SONDMO00036218-357; SONDMO00036358-59; SONDMO00036360-64; SONDMO00036565-
66; SONDMO00036567-746; SONDMOG0036747-48; SONDMO00036749-803;
SONDMO00037002-03; SONDMO00U37004-05; SONDMO00037006-50; SONDMO00037076-
88; SONDMO00037089-102; SONDMO00037103-40; SONDMO00037141-48;
SONDMO00037159-204; SONDMO00G037205-49; SONDMO000037250-370;
SONDMO00037371-85; SONDMO00037386-99; SONDMO00037400-14; SONDMOG0037415-
28; SONDMO000037429-45; SONDMO000037446-494; SONDMO000037495-553;
SONDMO00037564-78; SONDMO00037579-91; SONDBMO00037592-605; SONDMO00037616-
720; SONDMOC0037721-34; SONDMOG0037735-48; SONDMO00037749-58;
SONDMOG0037759-72; SONDMO00037773-828; SONDMO00037829-894;
SONDMO00037920-34; SONDMO00037935-47; SONDMO00037948-61; SONDMO00037562-
8003; SONDMO00038014-62; SONDMO00038063-108; SONDMO00038109-233;
SONDMO00038234-38; SONDMO00038239-56; SONDMOQ0038257-71; SONDMO0O0038272-
86; SONDMO00038287-301;, SONDMO000038302-15; SONDMO000038316-323;
SONDMO00038324-56; SONDMO00038357-69; SONDMO00038370-413; SONDMO00038414-
461; SONDMO00038504-518; SONDMO00038519-36; SONDMO00038537-53;
SONDMO00038554-87; SONDMO00038598-638; SONDMO00038639-80; SONDMO00038681-
742; SONDMO00038743-57, SONDMO00038758-74; SONDMO0O0038775-89;

SONDMO00038790-808; SONDMO00038809-23; SONDMO000038824-40; SONDMO00038841-
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48; SONDMOG0038849-82; SONDMO00038883-915; SONDMOOO038916-32;
SONDMO00038933-45; SONDMO00038946-96; SONDMO00038997-044; SONDMO0003%077-
101; SONDMO00039102-124; SONDMO000039125-49; SONDMO00039150-9¢;
SONDMOC0039197-242; SONDMO000039243-308; SONDMO000039309-31;
SONDMO00039332-55; SONDMO00039356-78; SONDMO00039379-417; SONDMO00039418-
54; SONDMO000039455-71; SONDMO00039472-74;, SONDMO000044854-90;

SONDMO00045210-37; SONDMO00045238-65; SONDMO00148449-00; SONDMO000148502-

~3

25.
Sonos reserves the right to revise, correct, add to, supplement, or clarify its response o
this Interrogatory as additional information is discovered and/or becomes available.

INTERROGATORY NO. 6

For each Asserted Claim of the Poateats-in-Suit, on an element-by-clement basis, identify the
poriion or portions of the specification that contain the writien description of the alleged
invention covered by the claim, and those portions of the specification that describe the
manner and process of making and/or using the claim element, in such full, clear, concise,
and exact terms as to enable any Person skilled in the art to which it pertains, or with which it
is most nearly connected, to make and use the same, and those portions of the specification
that set forth the best mode conterplated by the inventor of carrying out the invention
described in the claims.

AMENDED RESPONSE TO INTERROGATORY NO. 6;

Sonos specifically objects to this Interrogatory as overly broad, unduly burdensome,
and/or calling for information that is neither relevant nor reasonably calculated to iead to the
discovery of admissible evidence. For example, the “best mode contemplated by the inventor” is
not relevant to this litigation because the “the failure to disclose the best roode shall not be a
basis on which any claim of a patent may be canceled or held invalid or otherwise
unenforceable” 35 U.S.C § 282(b}3XA). As ancther example, this Interrogatory impermissibly

seeks validity contentions without any reference or connection to any invalidity contentions.
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Sonos further objects to this Interrogatory to the extent it seeks information protected by the
attorney-client privilege and/or work product immunity. In addition, Sonos objects to this
Interrogatory as premature to the extent it seeks expert discovery in advance of the date set forth
in the Federal Rules of Civil Procedure and/or the Court’s Scheduling Order. Sonos further
objects to this Interrogatory as premature to the extent it seeks information concerning the scope
of any asserted claim that will be the subject of claim construction proceedings before the Court.
In addition, Sonos objects to this Interrogatory on the ground that it is a premature contention
interrogatory that has been filed betore a substantial amount of discovery has been conducted in
this lawsuit. See Fed. R. Civ. P. 33(a}2) ("[Tlhe court may order that [a contention]
interrogatory need not be answered until after designated discovery has been completed . .. 7).

Subject to, and without waiving, the foregoing Specific and General Objections, Sonos
states that under 35 U 8.C § 282, all the claims of the Patents-in-Suit are presumed to be valid,
including with respect to the requirements of 35 US.C § 112, See 35 U.S.C § 282(a) and
(bY3XA). This presumption of validity is also fully supported by the presumption of
administrative correctness, as the Patents-in-Suit were all duly issued by the United States Patent
& Trademark Office (“USPTO”), and the USPTO would not have issued the Patents-in-Suit if
they failed to comply with the requirements of 35 U.S.C § 112. Moreover, under 35 US.C
§ 282, Drefendants bear the burden of establishing (by clear and convincing evidence) any
invalidity, including invalidity for failure to satisfy the requirements of 35 US.C § 112, See 35
U.S.C §282(a) and (b)(3¥(A). Asthe Supreme Court recently noted;

Under the Patent Act, and the case law before its passage, a patent is presumed

valid. That presumption takes away any need for a plaintiff to prove his patent is
valid to bring a claim.
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Commil USA, LLC v. Cisco Sys., fnc., 135 8. Ct. 1920, 1929 (2015) (internal citations and
quotation marks omitted}. Thus, Sonos is not required to prove validity, which this Interrogatory
appears to seek.

Sonos’s position is that all issued claims of the Patents-in-Suit are in full compliance with
the requirements of 35 U.S.C § 112. To the extent that Defendants assert a specific invalidity
challenge under 35 U.S.C § 112, Sonos will provide a rebuttal to such a challenge during the
expert phase of this litigation.

Additionally, pursuant to Fed. B. Civ. P. Rule 33(d) and paragraph 2(b) of the Court’s
Scheduling Order, Sonos produced copies of the Patents-in-Suit and their file histories from
which further information sought in this Interrogatory may be ascertained. These docurnents are
located at SONDMOO00000001-25; SONDMO00000151-164; SONDMO00000179-193;
SONDMOC0000194-206; SONDMO00108529-55; SONDMO00108956-93; SONDMO00108994-
9026, SONDMO000109048-80; SONDMO00109081-112; SONDMO00109113-44;
SONDMOG0109145-80; SONDMO000014671-817;, SONDMO00300833-1107;
SONDMO00001921-5188; SONDMO00019288-444; SONDMO00052046-773 1,
SONDMO00061498-7368; SONDMO00067369-75093; SONDMO00G075094-600;
SONDMOG0075601-82066; SONDMO00082067-87675; SONDMO0G0104015-7514;
SONDMO00135505-38.

Pursuant to Fed. R. Civ. P. Rule 33(d), Sonos may produce additional documents from
which further information sought in this Interrogatory may be ascertained.

Sonos reserves the right to revise, correct, add to, supplement, or clarify its response to

this Interrogatory as additional information is discovered and/or becomes available.

b
~d
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INTERROGATORY NG, 7:

For each Asserted Claim of the Patents-in-Suit that you contend meets the requirements of
patentable subject matter under current law, describe the full factual and legal basis for your
centention on ¢ claim-by-claim basis.

AMENDED RESPONSE TO INTERROGATORY NG, 7:

Sonos specifically objects to this Interrogatory as vague and ambiguous, as it is unclear
what “requirements of patentable subject matter under current law” are being referred to. Sonos
also objects to this Interrogatory as vague and ambiguous to the extent that “patentable subject
matter” refers to anything other than the patentable subject matter requirement of 35U S.C §
101, Moreover, Sonos objects to this Interrogatory as overly broad, unduly burdensome, and/or
calling for information that is neither relevant nor reasonably calculated to lead to the discovery
of admissible evidence. For example, this Interrogatory impermissibly seeks validity contentions
without any reference or connection to any invalidity contentions. Sones further objects to this
Interrogatory to the extent it seeks information protected by the attorney-client privilege and/or
work product immunity. In addition, Sonos objects to this Interrogatory as premature to the
extent it seeks expert discovery in advance of the date set forth in the Federal Rules of Civil
Procedure and/or the Court’s Scheduling Order. Sonos further objects to this Interrogatory as
premature to the extent it seeks information concerning the scope of any asserted claim that will
be the subject of claim construction proceedings before the Court. In addition, Sonos objects to
this Interrogatory on the ground that it is a premature contention interrogatory that has been filed
before a substantial amount of discovery has been conducted in this lawsuit. See Fed. R Civ. P.
33(a}2) (“[Tihe court may order that [a contention] interrogatory need not be answered until

after designated discovery has been completed . .. 7).
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Subject to, and without waiving, the foregoing Specific and General Objections, Sonos
states that under 35 U.S.C § 282, all the claims of the Patents-in~-Suit are presumed to be valid.
See 35 U.S.C § 282(a) and (b). This presumption of validity is also fully supported by the
presumption of administrative correctness, as the Patents-in-Suit were all duly issued by the
USPTO, and the USPTO would not have issued the Patents-in-Suit if they failed to comply with
the requirements of 35 U.S.C § 101. Moreover, under 35 U.S.C § 282, Defendants bear the
burden of establishing (by clear and convincing evidence) any invalidity, including invalidity for
failure to satisfy the requirements of 35 U.S.C § 101, See 35 U.S.C § 282(a) and (b). Asthe
Supreme Court recently noted:

Under the Patent Act, and the case law before its passage, a patent is presumed

valid. That presumption takes away any need for a plaintiff to prove his patent is

valid to bring a claim.

Commil USA, LLC v. Cisco Sys., Inc., 135 8. Ct. 1920, 1929 (2015) (internal citations and
quotation marks omitted). Thus, Sonos is not required to prove validity (or patentability), which
this Interrogatory appears to seek.

Sonos’s position is that all issued claims of the Patents-in-Suit are in full compliance with
the requirements of 35 U.S.C § 101, To the extent that Defendants assert a specific invalidity
challenge under 35 U S.C § 101, Sonos will provide a rebuttal to such a chalienge during the
expert phase of this litigation.

Additionally, pursuant to Fed. R. Civ. P. Rule 33(d) and paragraph 2(b) of the Court’s
Scheduling Order, Sonos produced copies of the Patents-in-Suit and their file histories from
which further information sought in this Interrogatory may be ascertained. These documents are
focated at SONDMO00000001-25; SONDMOG0000151-164;, SONDMO00000179-193;

SONDMO00000194-206;, SONDMO00108929-55; SONDMO000108956-93; SONDMO001089%4-
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9026; SONDMO00109048-80; SONDMO00109081-112; SONDMO00109113-44;
SONDMO00109145-80; SONDMO000014671-917, SONDMO00000833-1107;
SONDMOC0001921-5188; SONDMO0C0019288-444; SONDMOG00052046-7731;
SONDMO00061498-7368; SONDMO00067369-75093; SONDMO00075094-600;
SONDMO00075601-82066; SONDMO00082067-87675; SONDMO00104015-7514;
SONDMOG0135505-38,

Pursuant to Fed. R. Civ. P. Rule 33(d), Sonos may produce additional documents from
which further information sought in this Interrogatory may be ascertained.

Sonos reserves the right to revise, correct, add to, supplement, or clarify its response o

this Interrogatory as additional information is discovered and/or becomes available.

INTERROGATORY NQG. 8:

Describe in defail each instance in which any rights in the Patents-in-Suit have been ficensed
including, without limitation, in conanection with the setflement of litigation, or in which there
has been an offer or request to license. A complete answer will include a description of (a) alf
Persons involved, (b} the effective date(s} of the license and date(s) of termination, {c) oll
ficense agreements, {(d} all terms of such license, including licensing fees and/or licensing
rate, restrictions on the licensing terms, including field of use restrictions, (e} all monies
received under each license, and provide all details concerning specific product sales or uses
that were the purported bases for those monies, (f} whether the Heensing agreement is
currently in effect, and (g) whether the licensing agreement was ever in breach or terminated,
and if so, by whom and for what.

AMENDED RESPONSE TO INTERROGATORY NO. &

Sonos specifically objects to this Interrogatory as overly broad, unduly burdensome,
and/or calling for information that is neither relevant nor reasonably calculated to lead to the
discovery of admissible evidence. For example, this Interrogatory seeks information about “an
offer or request to license” the Patents-in-Suit without regard to the circumstances of such an

offer or request. Sonos further objects to this Interrogatory to the extent it seeks information
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protected by the attorney-client privilege and/or work product immunity. In addition, Sonos
objects to this Tnterrogatory as premature to the extent it seeks expert discovery in advance of the
date set forth in the Federal Rules of Civil Procedure and/or the Court’s Scheduling Order.
Subject to, and without waiving, the foregoing Specific and General Objections, Sonos
states that, to date, it has not licensed any of the Patents-in-Suit to anyone.
Sonos reserves the right to revise, correct, add to, supplement, or clarify its response to

this Interrogatory as additional information is discovered and/or becomes available.

INTERROGATORY NG, 8:

dentify oll facts supporting or negating your contention that Plaintiff has been damaged by
Defendants’ alleged infringement of the Patents-in-Suit, including, but not limited to a
computation of each category of sach dumages and the basis and methodology therefore.

AMENDED RESPONSE TO INTERROGATORY NG, 8:

Sonos specifically objects to this Interrogatory as vague and ambiguous, as it is unclear
what “methodology therefore” means. Sonos also objects to this Interrogatory to the extent it
seeks information protected by the attorney-client privilege and/or work product immunity.
Sonos also objects to this Interrogatory as premature to the extent it seeks expert discovery in
advance of the date set forth in the Federal Rules of Civil Procedure and/or the Court’s
Scheduling Order. Sonos further objects to this Interrogatory on the ground that it is a premature
contention interrogatory that has been filed before a substantial amount of discovery has been
conducted in this lawsuit. See Fed. R Civ. P 33(a}2) (“[TThe court may order that [a
contention] interrogatory need not be answered until after designated discovery has been

completed . .. .7).
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Subject to, and without waiving, the foregoing Specific and General Objections, Sonos
states that as a result of Defendants’ infringement of the Patents-in-Suit, Sonos has suffered
damages including lost profits, reasonable rovalties, and/or other business damages, as well as
Defendants’ total profits from the Accused HEOS Products. Moreover, much of the information
necessary to establish Sonos’s claims for damages is uniquely within the possession of
Defendants, and Sonos will seasonably supplement its response to this Interrogatory upon
obtaining such information.

Subject to the foregoing General Objections, General Statements, and specific objections,
and pursuant to Fed. R. Civ. P. Rule 33(d), Sonos has produced or will produce documents from
which information sought in this Interrogatory may be ascertained. See, e.g., Sonos’s document
production numbers SONDMO00048258; SONDMO00048259-00; SONDMO00048266-315;
SONDMOC0048316-25; SONDMO00048326-34; SONDMO00048335; SONDMO00051400-506;
SONDMO00051523-28; SONDMO00052041; SONDMO00052042; SONDMO00052043;
SONDMOG00S2044; SONDMOG0052045; SONDMO00048336-37; SONDMO00051507-509;
SONDMO00051510-12; SONDMO00051513-15; SONBMO00051516-18; SONDMOO0051519-
22; SONDMO00051529-34; SONDMO000045776-89; SONDMO00046108-137;
SONDMO00046138-206;, SONDMO00046207-349; SONDMO00046350-466;
SONDMO00046467-95, SONDMO00046496-530; SONDMO00046531-33; SONDMO00046534-
605; SONDMO00046606-41; SONDMO00046042-88; SONDMOGC0046723-818;
SONDMOC0046819-68; SONDMO00046869-99; SONDMO00046900-30; SONDMO00046931-
45; SONDMO00046946-52; SONDMO00046953-87, SONDMO00046988-7022;
SONDMOG0047023-55;, SONDMO00047056-84; SCNDMO00047085-102;, SONDMO00047103-

23, SONDMO00047127-38; SONDMO000047486-618; SONDMO00047619-77;
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SONDMOG0047996-8007; SONDMO00048052-85; SONDMO00048086-153;
SONDMO00048154; SONDMO000121339-2985; SONDMO00122986-3020;
SONDMOC0123021-830; SONDMO00123831-5214; SONDMO00125215-232;
SONDMOC0135504; SONDMOC0135733-30; SONDMO00147188; SONDMO00147189;
SONDMO00147190-213; SONDMO000147260-64; SONDMO000147265; SONDMO000151254-56;
and SONDMO000151260.

Sonos reserves the right to revise, correct, add to, supplement, or clarify its response to

this Interrogatory as additional information is discovered and/or becomes available.

INTERROGATORY NO, 10:

Describe in detail every valuation of the Patents-in-Suit or any claims of the Patents-in-Suit,
including, without lmitation, the Person who made the valuation, the date and amount of the
valuation, and all Docaments describing or relating to such valuation.

AMENDED RESPONSE TO INTERROGATORY MO, 10:

Sonos specifically objects to this Interrogatory as vague and ambiguous, as it is unclear
what “valuation™ is being referred to. Sonos also objects to this Interrogatory as overly broad,
unduly burdensome, and/or calling for information that is neither relevant nor reasonably
calculated to lead to the discovery of admissible evidence. For example, not every “valuation”
of the Patents-in-Suit is relevant to this litigation. As another example, this Interrogatory covers
time periods that are not relevant to this lawsuit. Sonos further objects to this Interrogatory to
the extent it seeks information protected by the attorney-client privilege and/or work product
immunity. In addition, Sonos objects to this Interrogatory as premature to the extent it seeks
expert discovery in advance of the date set forth in the Federal Rules of Civil Procedure and/or

the Court’s Scheduling Order. Sonos further objects to this Interrogatory as premature to the
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extent it seeks information concerning the scope of any asserted claim that will be the subject of
claim construction proceedings before the Court. Sonos also objects to this Interrogatory on the
ground that it is a premature contention interrogatory that has been filed before a substantial
amount of discovery has been conducted 1n this lawsuit. See Fed R. Civ. P. 33(a)}(2) ("[Tthe
court may order that [a contention] interrogatory need not be answered until after designated
discovery has been completed . .. 7).

Subject to, and without waiving, the foregoing Specific and General Objections, Sonos
states that it is unaware of any valuation of the Patents-in-Suit that is not protected by the
attorney-client privilege and/or work product imamunity.

Sonos reserves the right to revise, correct, add to, supplement, or clarify its response to

this Interrogatory as additional information is discovered and/or becomes available.

INTERROGATORY NO, 11:

For each of Defendants’ products that Plaintiff alleges infringes any of the Patents-in-Suit,
describe when and how Plaintiff became aware of the alleged infringement.

AMENDED RESPONSE TO INTERROGATORY NO, 11:

Sonos specifically objects to this Interrogatory to the extent it seeks information protected
by the attorney-client privilege and/or work product immunity. Sonos further objects to this
Interrogatory as premature to the extent that it requires Sonos to specifically identify the accused
products or disclose its infringement contentions in this case prior to the deadlines set forth in the
Court’s Scheduling Order.

Subject to, and without waiving, the foregoing Specific and General Objections, Sonos
states that in July 2014, Defendants’ HEOS system first became available in the market, and that

in September 2014, Sonos asked its cutside counsel to analyze the HEOS system for possible
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infringement. Sonos then engaged Delaware counsel on October 1, 2014, and filed the original
Complaint for the present lawsuit on October 21, 2014, Between October 21, 2014 and
December 17, 2014, Sonos and its outside counsel assessed whether the HEQOS system infringed
additional Sonos patents, which lead to the filing of the First Amended Complaint for this
fawsuit on December 17, 2014, Likewise, between December 17, 2014 and February 27, 2015,
Sonos and its outside counsel assessed whether the HEOS system infringed yet additional Sonos
patents, which lead to the filing of the Second Amended Complaint for this lawsuit on February
27,2015, Between February 27, 2015 and January 29, 2016, Sonos and its outside counsel
assessed whether the HEOS system infringed additional Sonos patents, which lead to the filing
of the Third Amended Complaint for this lawsuit on January 29, 2016

Sonos reserves the right to revise, correct, add to, supplement, or clarify its response to

this Interrogatory as additional information is discovered and/or becomes available.

AS TO OBJECTIONS:

POTTER ANDERSON & CORRGONLLP

OF COUNSEL:

George I Lee By: /8 Philip A. Rovner

Sean M. Sullivan Philip A. Rovner (#32135)
Rory P. Shea Jonathan A. Choa (#5319)
J. Dan Smith Hercules Plaza

Michael P. Boyea P.O. Box 951

LEE SULLIVAN SHEA & SMITHLLP Wilmington, DE 19899
224 N. Desplaines 8t, Suite 250 (302} 984-6000

Chicago, IL 60661 provier@potteranderson.com
(312} 754-9602 jchoa@potteranderson.com
Dated: October 10, 2016 Attorneys for Plaintiff Sonos, Inc.
1235545

(%]
()]
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CERTIFICATE OF SERVICE

I hereby certify that before 6:00 p.m. on October 16, 2016, I caused the foregoing to be

served upon the following counsel for Plaintiffs as indicated below:

BY FMAIL

Jack B. Blumenfeld, Esq.

Michael I. Flynn, Esq.

Morris, Nichols, Arsht & Tunnell LLP
1201 N. Market Street

P.O. Box 1347

Wilmington, DE 19899
iblumenfeld@manatcom
milyaniemnat com

Attorneys for Defendonts D&M Holdings Inc.

d'br The D+ M Group, D&M Holdings U.S.
Inc. and Denon Electronics (USA), LLEC

John M. Jackson, Esq.
Nathaniel (Nate) St. Clair If, Esq.
Matthew C. Acosta, Esq.
Blake Dietrich, Esg.

Kurt A. Schwarz, Esq.
Jackson Walker, LLP

2323 Ross Avenue, Suite 600
Dallas, TX 75201
macosiadiv.com
bdistrich{diw.com

nsiclair@iw . com

Hackson@iw.com

7

v
kschwarz{@iw com

David Folsom, Esqg.
Jackson Walker LL P
6002 Summerfield, Suite B
Texarkana, TX 75503
dfolsom@iw.com

Co-counsel for Defendants D&M Holdings
Inc. d'b/a The D+M Group, D&M Holdings
US. Inc. and Denon Elecoronics (USA), 11.C

/& Philip A. Kovner
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1
SYSTEM AND METHOD FOR
SYNCHRONIZING OPERATIONS AMONG A
PLURALITY OF INDEPENDENTLY
CLOCKED DIGITAL DATA PROCESSING
DEVICES

INCORPORATION BY REFERENCE

This application claims priority under 35 U.S.C. §120 to,
and is a continuation of, U.S. Non-provisional patent appli-
cation Ser. No. 13/864,251, filed Apr. 17,2013, entitled “Sys-
tem and method for synchronizing operations among a plu-
rality of independently clocked digital data processing
devices,” which claims priority under 35 U.S.C. §120 to, and
is a continuation of, U.S. Non-provisional application Ser.
No. 13/297,000, filed Nov. 15, 2011, entitled “Method for
Synchronizing Audio Playback Between Multiple Net-
worked Devices,” which claims priority under 35 U.S.C.
§120 to, and is a continuation of, U.S. Non-provisional appli-
cation Ser. No. 10/816,217, now issued as U.S. Pat. No.
8,234,395, filed on Apr. 1, 2004, entitled “System and method
for synchronizing operations among a plurality of indepen-
dently clocked digital data processing devices,” which claims
priority under35U.S.C. §1191t0 U.S. Provisional Application
Ser. No. 60/490,768, filed on Jul. 28, 2003, entitled “Method
for Synchronizing Audio Playback Between Multiple Net-
worked Devices,” each of which are assigned to the assignee
of the present application and are incorporated herein by
reference.

FIELD OF THE INVENTION

The present invention relates generally to the field of digi-
tal data processing devices, and more particularly to systems
and methods for synchronizing operations among a plurality
of independently-clocked digital data processing devices.
The invention is embodied in a system for synchronizing
operations among a plurality of devices, in relation to infor-
mation that is provided by a common source. One embodi-
ment of the invention enables synchronizing of audio play-
back as among two or more audio playback devices that
receive audio information from a common information
source, or channel.

More generally, the invention relates to the field of arrange-
ments that synchronize output generated by a number of
output generators, including audio output, video output, com-
binations of audio and video, as well as other types of output
as will be appreciated by those skilled in the art, provided by
a common channel. Generally, the invention will find utility
in connection with any type of information for which syn-
chrony among independently-clocked devices is desired.

BACKGROUND OF THE INVENTION

There are a number of circumstances under which it is
desirable to maintain synchrony of operations among a plu-
rality of independently-clocked digital data processing
devices in relation to, for example, information that is pro-
vided thereto by a common source. For example, systems are
being developed in which one audio information source can
distribute audio information in digital form to a number of
audio playback devices for playback. The audio playback
devices receive the digital information and convert it to ana-
log form for playback. The audio playback devices may be
located in the same room or they may be distributed in dif-
ferent rooms in a residence such as a house or an apartment,
in different offices in an office building, or the like. For
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example, in a system installed in a residence, one audio play-
back device may be located in a living room, while another
audio playback device is be located in a kitchen, and yet other
audio playback devices may be located in various bedrooms
ofahouse. In such an arrangement, the audio information that
is distributed to various audio playback devices may relate to
the same audio program, or the information may relate to
different audio programs. If the audio information source
provides audio information relating to the same audio pro-
gram to two or more audio playback devices at the same time,
the audio playback devices will generally contemporane-
ously play the same program. For example, if the audio infor-
mation source provides audio information to audio playback
devices located in the living room and kitchen in a house at the
same time, they will generally contemporaneously play the
same program.

One problem that can arise is to ensure that, if two or more
audio playback devices are contemporaneously attempting to
play back the same audio program, they do so simultaneously.
Small differences in the audio playback devices’ start times
and/or playback speeds can be perceived by a listener as an
echo effect, and larger differences can be very annoying.
Differences can arise because for a number of reasons,
including delays in the transfer of audio information over the
network. Such delays can differ as among the various audio
playback devices for a variety of reasons, including where
they are connected into the network, message traffic and other
reasons as will be apparent to those skilled in the art.

Another problem arises from the following. When an audio
playback device converts the digital audio information from
digital to analog form, it does so using a clock that provides
timing information. Generally, the audio playback devices
that are being developed have independent clocks, and, if they
are not clocking at precisely the same rate, the audio playback
provided by the various devices can get out of synchroniza-
tion.

SUMMARY OF THE INVENTION

The invention provides a new and improved system and
method for synchronizing operations among a number of
digital data processing devices that are regulated by indepen-
dent clocking devices. Generally, the invention will find util-
ity in connection with any type of information for which
synchrony among devices connected to a network is desired.
The invention is described in connection with a plurality of
audio playback devices that receive digital audio information
that is to be played back in synchrony, but it will be appreci-
ated that the invention can find usefulness in connection with
any kind of information for which coordination among
devices that have independent clocking devices would find
utility.

In brief summary, the invention provides, in one aspect, a
system for maintaining synchrony of operations among a
plurality of devices that have independent clocking arrange-
ments. The system includes a task distribution device that
distributes tasks to a synchrony group comprising a plurality
of devices that are to perform the tasks distributed by the task
distribution device in synchrony. The task distribution device
distributes each task to the members of the synchrony group
over a network. Each task is associated with a time stamp that
indicates a time, relative to a clock maintained by the task
distribution device, at which the members of the synchrony
group are to execute the task. Each member of the synchrony
group periodically obtains from the task distribution device
an indication of the current time indicated by its clock, deter-
mines a time differential between the task distribution
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device’s clock and its respective clock and determines there-
from a time at which, according to its respective clock, the
time stamp indicates that it is to execute the task.

In one embodiment, the tasks that are distributed include
audio information for an audio track that is to be played by all
of the devices comprising the synchrony group synchro-
nously. The audio track is divided into a series of frames, each
of which is associated with a time stamp indicating the time,
relative to the clock maintained by an audio information
channel device, which, in that embodiment, serves as the task
distribution device, at which the members of the synchrony
group are to play the respective frame. Each member of the
synchrony group, using a very accurate protocol, periodically
obtains the time indicated by the audio information channel
device, and determines a differential between the time as
indicated by its local clock and the audio information channel
device’s clock. The member uses the differential and the time
as indicated by the time stamp to determine the time, relative
to its local clock, at which it is to play the respective frame.
The members of the synchrony group do this for all of the
frames, and accordingly are able to play the frames in syn-
chrony.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention is pointed out with particularity in the
appended claims. The above and further advantages of this
invention may be better understood by referring to the fol-
lowing description taken in conjunction with the accompany-
ing drawings, in which:

FIG. 1 schematically depicts an illustrative networked
audio system, constructed in accordance with the invention;

FIG. 2 schematically depicts a functional block diagram of
asynchrony group utilizing a plurality of zone players formed
within the networked audio system depicted in FIG. 1;

FIG. 2A schematically depicts two synchrony groups,
illustrating how a member of one synchrony group can pro-
vide audio information to the members of another synchrony
group;

FIG. 3 depicts an functional block diagram ofa zone player
for use in the networked audio system depicted in FIG. 1; and

FIG. 4 is useful in understanding an digital audio informa-
tion framing methodology useful in the network audio system
depicted in FIG. 1.

DETAILED DESCRIPTION OF AN
ILLUSTRATIVE EMBODIMENT

FIG. 1 depicts an illustrative network audio system 10
constructed in accordance with the invention. With reference
to FIG. 1, the network audio system 10 includes a plurality of
zone players 11(1) through 11(N) (generally identified by
reference numeral 11(»)) interconnected by a local network
12, all of which operate under control of one or more user
interface modules generally identified by reference numeral
13. One or more of the zone players 11(z) may also be
connected to one or more audio information sources, which
will generally be identified herein by reference numeral
14(n)(s), and/or one or more audio reproduction devices,
which will generally be identified by reference numeral 15(x)
(7). In the reference numeral 14(r)(s), index “n” refers to the
index “n” of the zone player 11(») to which the audio infor-
mation source is connected, and the index “s” (s=1,...,8S,)
refers to the “s-th” audio information source connected to that
“n-th” zone player 11(»). Thus, if, for example, a zone player
11(») is connected to four audio information sources 14(z)(1)
through 14(»)(4), the audio information sources may be gen-
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erally identified by reference numeral 14(#)(s), with S,=4. It
will be appreciated that the number of audio information
sources S, may vary as among the various zone players 11(n),
and some zone players may not have any audio information
sources connected thereto. Similarly, in the reference
numeral 15(n)(r), index “n” refers to the index “n” ofthe zone
player 11(») to which the audio reproduction device is con-
nected, and the index “r” (r=1, . . ., R)) refers to the “r-th”
audio information source connected to that “n-th” zone player
11(»). In addition to the audio information sources 14(x)(s),
the network audio system 10 may include one or more audio
information sources 16(1) through 16(M) connected through
appropriate network interface devices (not separately shown)
to the local network 12. Furthermore, the local network may
include one or more network interface devices (also not sepa-
rately shown) that are configured to connect the local network
12 to other networks, including a wide area network such as
the Internet, the public switched telephony network (PSTN)
orother networks as will be apparent to those skilled in the art,
over which connections to audio information sources may be
established.

The zone players 11(») associated with system 10 may be
distributed throughout an establishment such as residence, an
office complex, a hotel, a conference hall, an amphitheater or
auditorium, or other types of establishments as will be appar-
ent to those skilled in the art or the like. For example, if the
zone players 11(z) and their associated audio information
source(s) and/or audio reproduction device(s) are distributed
throughout a residence, one, such as zone player 11(1) and its
associated audio information source(s) and audio reproduc-
tion device(s) may be located in a living room, another may be
located in a kitchen, another may be located in a dining room,
and yet others may be located in respective bedrooms, to
selectively provide entertainment in those rooms. On the
other hand, if the zone players 11(») and their associated
audio information source(s) and/or audio reproduction
device(s) are distributed throughout an office complex, one
may, for example, be provided in each office to selectively
provide entertainment to the employees in the respective
offices. Similarly, if the zone players 11(z) and associated
audio information source(s) and/or audio reproduction
device(s) are used in a hotel, they may be distributed through-
out the rooms to provide entertainment to the guests. Similar
arrangements may be used with zone players 11(») and asso-
ciated audio information source(s) and/or audio reproduction
device(s) used in an amphitheater or auditorium. Other
arrangements in other types of environments will be apparent
to those skilled in the art. In each case, the zone players 11(x)
can be used to selectively provide entertainment in the respec-
tive locations, as will be described below.

The audio information sources 14(r)(s) and 16(m) may be
any of a number of types of conventional sources of audio
information, including, for example, compact disc (“CD”)
players, AM and/or FM radio receivers, analog or digital tape
cassette players, analog record turntables and the like. In
addition, the audio information sources 14()(s) and 16(m)
may comprise digital audio files stored locally on, for
example, personal computers (PCs), personal digital assis-
tants (PDAs), or similar devices capable of storing digital
information in volatile or non-volatile form. As noted above,
the local network 12 may also have an interface (not shown)
to a wide area network, over which the network audio system
10 can obtain audio information. Moreover, one or more of
the audio information sources 14(z)(s) may also comprise an
interface to a wide area network such as the Internet, the
public switched telephony network (PSTN) or any other
source of audio information. In addition, one or more of the
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audio information sources 14(x)(s) and 16() may comprise
interfaces to radio services delivered over, for example, sat-
ellite. Audio information obtained over the wide area network
may comprise, for example, streaming digital audio informa-
tion such as Internet radio, digital audio files stored on serv-
ers, and other types of audio information and sources as will
be appreciated by those skilled in the art. Other arrangements
and other types of audio information sources will be apparent
to those skilled in the art.

Generally, the audio information sources 14(n)(s) and
16(m) provide audio information associated with audio pro-
grams to the zone players for playback. A zone player that
receives audio information from an audio information source
14(n)(s) that is connected thereto can provide playback and/
or forward the audio information, along with playback timing
information, over the local network 12 to other zone players
for playback. Similarly, each audio information source 16()
that is not directly connected to a zone player can transmit
audio information over the network 12 to any zone player
11(n) for playback. In addition, as will be explained in detail
below, the respective zone player 11(#) can transmit the audio
information that it receives either from an audio information
source 14(n)(s) connected thereto, or from an audio informa-
tion source 16(m), to selected ones of the other zone players
11(n"), 11(n"), . .. (nnot equal ton', n", . . . ) for playback by
those other zone players. The other zone players 11(n'),
11(»"), . . . to which the zone player 11(z) transmits the audio
information for playback may be selected by a user using the
user interface module 13. In that operation, the zone player
11(») will transmit the audio information to the selected zone
players 11("), 11(n"), . . . over the network 12. As will be
described below in greater detail, the zone players 11(n),
11(»"), 11(n"), . . . operate such that the zone players 11(»'),
11(»"), . . . synchronize their playback of the audio program
with the playback by the zone player 11(»), so that the zone
players 11(»), 11(»"), 11(»") provide the same audio program
at the same time.

Users, using user interface module 13, may also enable
different groupings or sets of zone players to provide audio
playback of different audio programs synchronously. For
example, a user, using a user interface module 13, may enable
zone players 11(1) and 11(2) to play one audio program,
audio information for which may be provided by, for
example, one audio information source 14(1)(1). The same or
a different user may, using the same or a different user inter-
face module 13, enable zone players 11(4) and 11(5) to con-
temporaneously play another audio program, audio informa-
tion for which may be provided by a second audio
information source, such as audio information source 14(5)
(2). Further, a user may enable zone player 11(3) to contem-
poraneously play yet another audio program, audio informa-
tion for which may be provided by yet another audio
information source, such as audio information source 16(1).
As yet another possibility, a user may contemporaneously
enable zone player 11(1) to provide audio information from
an audio information source connected thereto, such as audio
information source 14(1)(2), to another zone player, such as
zone player 11(6) for playback.

In the following, the term-“synchrony group” will be used
to refer to a set of one or more zone players that are to play the
same audio program synchronously. Thus, in the above
example, zone players 11(1) and 11(2) comprise one syn-
chrony group, zone player 11(3) comprises a second syn-
chrony group, zone players 11(4) and 11(5) comprise a third
synchrony group, and zone player 11(6) comprises yet a
fourth synchrony group. Thus, while zone players 11(1) and
11(2) are playing the same audio program, they will play the
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audio program synchronously. Similarly, while zone players
11(4) and 11(5) are playing the same audio program, they will
play the audio program synchronously. On the other hand,
zone players that are playing different audio programs may do
so with unrelated timings. That is, for example, the timing
with which zone players 11(1) and 11(2) play their audio
program may have no relationship to the timing with which
zone player 11(3), zone players 11(4) and 11(5), and zone
player 11(6) play their audio programs. It will be appreciated
that, since “synchrony group” is used to refer to sets of zone
players that are playing the same audio program synchro-
nously, zone player 11(1) will not be part of zone player
11(6)’s synchrony group, even though zone player 11(1) is
providing the audio information for the audio program to
zone player 11(6).

In the network audio system 10, the synchrony groups are
not fixed. Users can enable them to be established and modi-
fied dynamically. Continuing with the above example, a user
may enable the zone player 11(1) to begin providing playback
of the audio program provided thereto by audio information
source 14(1)(1), and subsequently enable zone player 11(2) to
join the synchrony group. Similarly, a user may enable the
zone player 11(5) to begin providing playback of the audio
program provided thereto by audio information source 14(5)
(2), and subsequently enable zone player 11(4) to join that
synchrony group. Inaddition, auser may enable a zone player
to leave a synchrony group and possibly join another syn-
chrony group. For example, a user may enable the zone player
11(2) to leave the synchrony group with zone player 11(1),
and join the synchrony group with zone player 11(6). As
another possibility, the user may enable the zone player 11(1)
to leave the synchrony group with zone player 11(2) and join
the synchrony group with zone player 11(6). In connection
with the last possibility, the zone player 11(1) can continue
providing audio information from the audio information
source 14(1)(1) to the zone player 11(2) for playback thereby.

A user, using the user interface module 13, can enable a
zone player 11(z) that is currently not a member of a syn-
chrony group to join a synchrony group, after which it will be
enabled to play the audio program that is currently being
played by that synchrony group. Similarly, a user, also using
the user interface module 13, can enable a zone player 11(»)
that is currently a member of one synchrony group, to disen-
gage from that synchrony group and join another synchrony
group, after which that zone player will be playing the audio
program associated with the other synchrony group. For
example, if a zone player 11(6) is currently not a member of
any synchrony group, it, under control of the user interface
module 13, can become a member of a synchrony group, after
which it will play the audio program being played by the other
members of the synchrony group, in synchrony with the other
members of the synchrony group. In becoming a member of
the synchrony group, zone player 11(6) can notify the zone
player that is the master device for the synchrony group that
it wishes to become a member of its synchrony group, after
which that zone player will also transmit audio information
associated with the audio program, as well as timing infor-
mation, to the zone player 11(6). As the zone player 11(6)
receives the audio information and the timing information
from the master device, it will play the audio information with
the timing indicated by the timing information, which will
enable the zone player 11(6) to play the audio program in
synchrony with the other zone player(s) in the synchrony
group.

Similarly, if a user, using the user interface module 13,
enables a zone player 11(r) associated with a synchrony
group to disengage from that synchrony group, and if the zone
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player 11(x) is not the master device of the synchrony group,
the zone player 11(») can notify the master device, after
which the master device can terminate transmission of the
audio information and timing information to the zone player
11(n). If the user also enables the zone player 11(%) to begin
playing another audio program using audio information from
an audio information source 14(n)(s) connected thereto, it
will acquire the audio information from the audio information
source 14(n)(s) and initiate playback thereof. If the user
enables another zone player 11(»') to join the synchrony
group associated with zone player 11(»), operations in con-
nection therewith can proceed as described immediately
above.

As yet another possibility, if a user, using the user interface
module 13, enables a zone player 11(n) associated with a
synchrony group to disengage from that synchrony group and
join another synchrony group, and if the zone player is not the
master device of the synchrony group from which it is disen-
gaging, the zone player 11(#) can notify the master device of
the synchrony group from which it is disengaging, after
which that zone player will terminate transmission of audio
information and timing information to the zone player 11()
that is disengaging. Contemporaneously, the zone player
11(n) can notify the master device of the synchrony group that
it (that is, zone player 11(»)) is joining, after which the master
device can begin transmission of audio information and tim-
ing information to that zone player 11(»). The zone player
11(») can thereafter begin playback of the audio program
defined by the audio information, in accordance with the
timing information so that the zone player 11(») will play the
audio program in synchrony with the master device.

As yet another possibility, a user, using the user interface
module 13, may enable a zone player 11(x) that is not asso-
ciated with a synchrony group, to begin playing an audio
program using audio information provided to it by an audio
information source 14(n)(s) connected thereto. In that case,
the user, also using the user interface module 13 or a user
interface device that is specific to the audio information
source 14(n)(s), can enable the audio information source
14(n)(s) to provide audio information to the zone player
11(n). After the zone player 11(») has begun playback, or
contemporaneously therewith, the user, using the user inter-
face module 13, can enable other zone players 11(n'),
11(n"), . . . to join zone player 11(»)’s synchrony group and
enable that zone player 11(») to transmit audio information
and timing information thereto as described above, to facili-
tate synchronous playback of the audio program by the other
zone players 11(z'"), 11(n") . . . .

A user can use the user interface module 13 to control other
aspects of the network audio system 10, including but not
limited to the selection of the audio information source
14(n)(s) that a particular zone player 11(#) is to utilize, the
volume of the audio playback, and so forth. In addition, a user
may use the user interface module 13 to turn audio informa-
tion source(s) 14(z)(s) on and off and to enable them to
provide audio information to the respective zone players
11(n).

Operations performed by the various devices associated
with a synchrony group will be described in connection with
FIG. 2, which schematically depicts a functional block dia-
gram of a synchrony group in the network audio system 10
described above in connection with FIG. 1. With reference to
FIG. 2, a synchrony group 20 includes a master device 21 and
zero or more slave devices 22(1) through 22 (G) (generally
identified by reference numeral 22(g)), all of which synchro-
nously play an audio program provided by an audio informa-
tion channel device 23. Each of the master device 21, slave
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devices 22(g) and audio information channel device 23 uti-
lizes a zone player 11(#) depicted in FIG. 1, although it will be
clear from the description below that a zone player may be
utilized both for the audio information channel device for the
synchrony group 20, and the master device 21 or a slave
device 22(g) of the synchrony group 20. As will be described
below in more detail, the audio information channel device 23
obtains the audio information for the audio program from an
audio information source, adds playback timing information,
and transmits the combined audio and playback timing infor-
mation to the master device 21 and slave devices 22(g) over
the network 12 for playback. The playback timing informa-
tion that is provided with the audio information, together with
clock timing information provided by the audio information
channel device 23 to the various devices 21 and 22(g) as will
be described below, enables the master device 21 and slave
devices 22(g) of the synchrony group 20 to play the audio
information simultaneously.

The master device 21 and the slave devices 22(g) receive
the audio and playback timing information, as well as the
clock timing information, that are provided by the audio
information channel device 23, and play back the audio pro-
gram defined by the audio information. The master device 21
is also the member of the synchrony group 20 that commu-
nicates with the user interface module 13 and that controls the
operations of the slave devices 22(g) in the synchrony group
20. In addition, the master device 21 controls the operations
of the audio information channel device 23 that provides the
audio and playback timing information for the synchrony
group 20. Generally, the initial master device 21 for the syn-
chrony group will be the first zone player 11(») that a user
wishes to play an audio program. However, as will be
described below, the zone player 11(r) that operates as the
master device 21 can be migrated from one zone player 11(»)
to another zone player 11(z"), which preferably will be a zone
player that is currently operating as a slave device 22(g) in the
synchrony group.

In addition, under certain circumstances, as will be
described below, the zone player 11(r) that operates as the
audio information channel device 23 can be migrated from
one zone player to another zone player, which also will pref-
erably will be a zone player that is currently operating as a
member of the synchrony group 20. It will be appreciated that
the zone player that operates as the master device 21 can be
migrated to another zone player independently of the migra-
tion of the audio information channel device 23. For example,
if one zone player 11(») is operating as both the master device
21 and the audio information channel device 23 for a syn-
chrony group 20, the master device 21 can be migrated to
another zone player 11(»') while the zone player 11(z) is still
operating as the audio information channel device 23. Simi-
larly, if one zone player 11(») is operating as both the master
device 21 and the audio information channel device 23 for a
synchrony group 20, the audio information channel device 23
can be migrated to another zone player 11(»') while the zone
player 11(») is still operating as the master device 21. In
addition, if one zone player 11(n) is operating as both the
master device 21 and the audio information channel device 23
for a synchrony group 20, the master device 21 can be
migrated to another zone player 11(»') and the audio infor-
mation channel device can be migrated to a third zone player
11(").

The master device 21 receives control information from the
user interface module 13 for controlling the synchrony group
20 and provides status information indicating the operational
status of the synchrony group to the user interface module 13.
Generally, the control information from the user interface
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module 13 enables the master device 21 to, in turn, enable the
audio information channel device 23 to provide audio and
playback timing information to the synchrony group to
enable the devices 21 and 22(g) that are members of the
synchrony group 20 to play the audio program synchro-
nously. In addition, the control information from the user
interface module 13 enables the master device 21 to, in turn,
enable other zone players to join the synchrony group as slave
devices 22(g) and to enable slave devices 22(g) to disengage
from the synchrony group. Control information from the user
interface module 13 can also enable the zone player 11(z) that
is currently operating as the master device 21 to disengage
from the synchrony group, but prior to doing so that zone
player will enable the master device 21 to transfer from that
zone player 11(r) to another zone player 11(»"), preferably to
azone player 11(»") that is currently a slave device 22(g) in the
synchrony group 20. The control information from the user
interface module 13 can also enable the master device 21 to
adjust its playback volume and to enable individual ones of
the various slave devices 22(g) to adjust their playback vol-
umes. In addition, the control information from the user inter-
face module 13 can enable the synchrony group 20 to termi-
nate playing of a current track of the audio program and skip
to the next track, and to re-order tracks in a play list of tracks
defining the audio program that is to be played by the syn-
chrony group 20.

The status information that the master device 21 may pro-
vide to the user interface module 13 can include such infor-
mation as a name or other identifier for the track of the audio
work that is currently being played, the names or other iden-
tifiers for upcoming tracks, the identifier of the zone player
11(n) that is currently operating as the master device 21, and
identifiers of the zone players that are currently operating as
slave devices 22(g). In one embodiment, the user interface
module 13 includes a display (not separately shown) that can
display the status information to the user.

It will be appreciated that the zone player 11(») that is
operating as the audio information channel device 23 for one
synchrony group may also comprise the master device 21 or
any of the slave devices 22(g) in another synchrony group.
This may occur if, for example, the audio information source
that is to provide the audio information that is to be played by
the one synchrony group is connected to a zone player also
being utilized as the master device or a slave device for the
other synchrony group. This will be schematically illustrated
below in connection with FIG. 2A. Since, as noted above, the
zone player 11(») that is operating as the audio information
channel device 23 for the synchrony group 20 may also be
operating as a master device 21 or slave device 22(g) for
another synchrony group, it can also be connected to one or
more audio reproduction devices 15(r)(r), although that is not
depicted in FIG. 2. Since the master device 21 and slave
devices 22(g) are all to provide playback of the audio pro-
gram, they will be connected to respective audio reproduction
devices 15(n)(7). Furthermore, it will be appreciated that one
or more of the zone players 11(%) that operate as the master
device 21 and slave devices 22(g) in synchrony group 20 may
also operate as an audio information channel device for that
synchrony group or for another synchrony group and so they
may be connected to one or more audio information sources
14(n)(s), although that is also not depicted in FIG. 2. In
addition, it will be appreciated that a zone player 11(z) can
also operate as a audio information channel device 23 for
multiple synchrony groups.

If the audio information channel device 23 does not utilize
the same zone player as the master device 21, the master
device 21 controls the audio information channel device by
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exchanging control information over the network 12 with the
audio information channel device 23. The control informa-
tion is represented in FIG. 2 by the arrow labeled
CHAN_DEV_CTRL_INFO. The control information that
the master device 21 provides to the audio information chan-
nel device 23 will generally depend on the nature of the audio
information source that is to provide the audio information for
the audio program that is to be played and the operation to be
enabled by the control information. If, for example, the audio
information source is a conventional compact disc, tape, or
record player, broadcast radio receiver, or the like, which is
connected to a zone player 11(»), the master device 21 may
merely enable the zone player serving as the audio informa-
tion channel device 23 to receive the audio information for the
program from the audio information source. It will be appre-
ciated that, if the audio information is not in digital form, the
audio information channel device 23 will convert it to digital
form and provide the digitized audio information, along with
the playback timing information, to the master device 21 and
slave devices 22(g).

On the other hand, if the audio information source is, for
example, a digital data storage device, such as may be on a
personal computer or similar device, the master device 21 can
provide a play list to the audio information channel device 23
that identifies one or more files containing the audio informa-
tion for the audio program. In that case, the audio information
channel device 23 can retrieve the files from the digital data
storage device and provide them, along with the playback
timing information, to the master device 21 and the slave
devices 22(g). It will be appreciated that, in this case, the
audio information source may be directly connected to the
audio information channel device 23, as, for example, an
audio information source 14(n)(s), or it may comprise an
audio information source 16(m) connected to the network 12.
As a further alternative, if the audio information source is a
source available over the wide area network, the master
device 21 can provide a play list comprising a list of web
addresses identifying the files containing the audio informa-
tion for the audio program that is to be played, and in that
connection the audio information channel device 23 can ini-
tiate a retrieval of the files over the wide area network. As yet
another alternative, if the audio information source is a source
of streaming audio received over the wide area network, the
master device 21 can provide a network address from which
the streaming audio can be received. Other arrangements by
which the master device 21 can control the audio information
channel device 23 will be apparent to those skilled in the art.

The master device 21 can also provide control information
to the synchrony group’s audio information channel device
23 to enable a migration from one zone player 11(n) to
another zone player 11(x'). This may occur if, for example,
the audio information source is one of audio information
sources 16 or a source accessible over the wide area network
via the network 12. The master device 21 can enable migra-
tion of the audio information channel device 23 for several
reasons, including, for example, to reduce the loading of the
zone player 11(n), to improve latency of message transmis-
sion in the network 12, and other reasons as will be appreci-
ated by those skilled in the art.

As noted above, the audio information channel device 23
provides audio and playback timing information for the syn-
chrony group to enable the master device 21 and slave devices
22(g) to play the audio program synchronously. Details of the
audio and playback timing information will be described in
detail below in connection with FIGS. 3 and 4, but, in brief,
the audio information channel device 23 transmits the audio
and playback timing information in messages over the net-
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work 12 using a multi-cast message transmission methodol-
ogy. In that methodology, the audio information channel
device 23 will transmit the audio and playback timing infor-
mation in a series of messages, with each message being
received by all of the zone players 11(z) comprising the
synchrony group 20, that is, by the master device 21 and the
slave devices 22(g). Each of the messages includes a multi-
cast address, which the master device 21 and slave devices
22(g) will monitor and, when they detect a message with that
address, they will receive and use the contents of the message.
The audio and playback timing information is represented in
FIG. 2 by the arrow labeled “AUD+PBTIME_INFO,” which
has a single tail, representing a source for the information at
the audio information channel device 23, and multiple arrow-
heads representing the destinations of the information, with
one arrowhead extending to the master device 21 and other
arrowheads extending to each of the slave devices 22(g) in the
synchrony group 20. The audio information channel device
23 may make use of any convenient multi-cast message trans-
mission methodology in transmitting the audio and playback
timing information to the synchrony group 20. As will be
described in detail in connection with FIG. 4, the audio and
playback timing information is in the form of a series of
frames, with each frame having a time stamp. The time stamp
indicates a time, relative to the time indicated by a clock
maintained by the audio information channel device 23, at
which the frame is to be played. Depending on the size or
sizes of the messages used in the selected multi-cast message
transmission methodology and the size or sizes of the frames,
a message may contain one frame, or multiple frames, or,
alternatively, a frame may extend across several messages.

The audio information channel device 23 also provides
clock time information to the master device 21 and each of the
slave devices 22(g) individually over network 12 using a
highly accurate clock time information transmission method-
ology. The distribution of the clock time information is rep-
resented in FIG. 2 by the arrows labeled “AICD_CLK_INF
(M)” (inthe case of the clock time information provided to the
master device 21) and “AICD_CLK_INF (S,)” through
“AICD_CLK_INF (S;)” (in the case of audio information
channel device clock information provided to the slave
devices 22(g)). In one embodiment, the master device 21 and
slave devices 22(g) make use of the well-known SNTP
(Simple Network Time Protocol) to obtain current clock time
information from the audio information channel device 23.
The SNTP makes use of a unicast message transfer method-
ology, in which one device, such as the audio information
channel device 23, provides clock time information to a spe-
cific other device, such as the master device 21 or a slave
device 22(g), using the other device’s network, or unicast,
address. Each of the master device 21 and slave devices 22(g)
will periodically initiate SNTP transactions with the audio
information channel device 23 to obtain the clock time infor-
mation from the audio information channel device 23. As will
be described below in more detail, the master device 21 and
each slave device 22(g) make use of the clock time informa-
tion to determine the time differential between the time indi-
cated by the audio information channel device’s clock and the
time indicated by its respective clock, and use that time dif-
ferential value, along with the playback time information
associated with the audio information and the respective
device’s local time as indicated by its clock to determine
when the various frames are to be played. This enables the
master device 21 and the slave devices 22(g) in the synchrony
group 20 to play the respective frames simultaneously.

As noted above, the control information provided by the
user to the master device 21 through the user interface module
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13 can also enable the master device 21 to, in turn, enable
another zone player 11(»') to join the synchrony group as a
new slave device 22(g). In that operation, the user interface
module 13 will provide control information, including the
identification of the zone player 11(»') that is to join the
synchrony group to the master device 21. After it receives the
identification of the zone player 11(»') that is to join the
synchrony group, the master device 21 will exchange control
information, which is represented in FIG. 2 by the arrows
labeled SLV_DEV_CTRL_INF (8S,) through SLV_DEV_C-
TRL_INF (S;) group slave control information, over the
network 12 with the zone player 11(z") that is identified in the
control information from the user interface module 13. The
control information that the master device 21 provides to the
new zone player 11(#') includes the network address of the
zone player 11(») that is operating as the audio information
channel device 23 for the synchrony group, as well as the
multi-cast address that the audio information channel device
23 is using to broadcast the audio and playback timing infor-
mation over the network. The zone player that is to operate as
the new slave device 22(g'") uses the multi-cast address to
beginreceiving the multi-cast messages that contain the audio
information for the audio program being played by the syn-
chrony group.

It will be appreciated that, if the zone player 11(7) that is
operating as the master device 21 for the synchrony group 20
is also operating the audio information channel device 23, and
if there are no slave devices 22(g) in the synchrony group 20,
the audio information channel device 23 may not be trans-
mitting audio and playback timing information over the net-
work. In that case, if the new slave device 22(g') is the first
slave device in the synchrony group, the zone player 11(z)
that is operating as both the master device 21 and audio
information channel device 23, can begin transmitting the
audio and playback timing information over the network 12
when the slave device 22(g') is added to the synchrony group
20. The zone player 11(r) can maintain a count of the number
of slave devices 22(g) in the synchrony group 20 as they join
and disengage, and, if the number drops to zero, it can stop
transmitting the audio and playback timing information over
the network 12 to reduce the message traffic over the network
12.

The new slave device 22(g") added to the synchrony group
20 uses the network address of the audio information channel
device 23 for several purposes. In particular, the new slave
device 22(g") will, like the master device 21 (assuming the
zone player 11(») operating as the master device 21 is not also
the audio information channel device 23), engage in SNTP
transactions with the audio information channel device 23 to
obtain the clock timing information from the audio informa-
tion channel device 23. In addition, the new slave device
22(g") can notify the audio information channel device 23 that
it is a new slave device 22(g") for the synchrony group 20 and
provide the audio information channel device 23 with its
network address. As will be described below, in one embodi-
ment, particularly in connection with audio information
obtained from a source, such as a digital data storage device,
which can provide audio information at a rate that is faster
than the rate at which it will be played, the audio information
channel device 23 will buffer audio and timing information
and broadcast it over the network 12 to the synchrony group
20 generally at a rate at which it is provided by the source.
Accordingly, when a new slave device 22(g') joins the syn-
chrony group 20, the playback timing information may indi-
cate that the audio information that is currently being broad-
cast by the audio information channel device 23 using the
multi-cast methodology is to be played back some time in the
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future. To reduce the delay with which the new slave device
22(g") will begin playback, the audio information channel
device 23 can also retransmit previously transmitted audio
and timing information that it had buffered to the new slave
device 22(g") using the unicast network address of the slave
device 22(g").

The master device 21 can also use the slave device control
information exchanged with the slave devices 22(g) for other
purposes. For example, the master device 21 can use the slave
device control information to initiate a migration of the mas-
ter from its zone player 11(n) to another zone player 11(z").
This may occur for any of a number of reasons, including, for
example, that the master device 21 is terminating playback by
it of the audio program and is leaving the synchrony group 20,
but one or more of the other devices in the synchrony group is
to continue playing the audio program. The master device 21
may also want to initiate a migration if it is overloaded, which
can occur if, for example, the zone player 11(#) that is the
master device 21 for its synchrony group is also operating as
an audio information channel device 23 for another syn-
chrony group.

The user can also use the user interface module 13 to adjust
playback volume by the individual zone players 11(») com-
prising the synchrony group. In that operation, the user inter-
face module 13 provides information identifying the particu-
lar device whose volume is to be adjusted, and the level at
which the volume is to be set to the master device 21. If the
device whose volume is to be adjusted is the master device 21,
the master device 21 can adjust its volume according to the
information that it receives from the user interface module 13.
On the other hand, if the device whose volume is to be
adjusted is a slave device 22(g), the master device 21 can
provide group slave control information to the respective
slave device 22(g), to enable it to adjust its volume.

Theuser can also use the user interface module 13 to enable
a synchrony group 20 to cancel playing of the track in an
audio program that is currently being played, and to proceed
immediately to the next track. This may occur, for example, if
the tracks for the program is in the form of a series of digital
audio information files, and the user wishes to cancel play-
back of the track that is defined by one of the files. In that case,
when the master device 21 receives the command to cancel
playback of the current track, it will provide channel device
control information to the audio information channel device
23 so indicating. In response, the audio information channel
device 23 inserts control information into the audio and play-
back timing information, which will be referred to as a
“resynchronize” command. In addition, the audio informa-
tion channel device 23 will begin transmitting audio informa-
tion for the next track, with timing information to enable it to
be played immediately. The resynchronize command can also
enable playback of a track to be cancelled before it has been
played. Details of these operations will be described below.

As noted above, there may be multiple synchrony groups in
the network audio system 10, and further that, for example, a
zone player 11() may operate both as a master device 21 or
a slave device 22(g) in one synchrony group, and as the audio
information channel device 23 providing audio and playback
timing information and clock timing information for another
synchrony group. An illustrative arrangement of this will be
described in connection with FIG. 2A. With reference to FIG.
2A, that FIG. depicts elements of two synchrony groups,
identified by reference numerals 20(1) and 20(2), respec-
tively. For clarity, FIG. 2A does not show a number of ele-
ments, the presence of which would be evident from FIGS. 1
and 2 as described above. For example, FIG. 2A does not
depict the audio information sources from which audio infor-
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mation is obtained for the synchrony groups or the audio
reproduction devices that are used to produce sound for the
master and slave devices, which are depicted in both FIGS. 1
and 2. In addition, FIG. 2A does not depict arrows that rep-
resent control information provided by the respective master
devices to the slave devices in the respective synchrony
groups, or to the audio information channel devices that pro-
vide audio and timing information for the respective syn-
chrony groups, which are depicted in FIG. 2. In addition, FIG.
2A does not depict the arrows that represent the clock timing
information provided by the audio information channel
devices to the respective members of the respective syn-
chrony groups, which are also depicted in FIG. 2. As will be
noted below, however, FIG. 2A does depict arrows represent-
ing the audio and playback timing information provided by
the respective audio information channel devices for the
respective synchrony groups 20(1), 20(2), to the master and
slave devices comprising the respective synchrony groups
20(1), 20(2).

Each synchrony group 20(1), 20(2) comprises elements of
a number of zone players. A functional block diagram of a
zone player will be described below in connection with FIG.
3. Synchrony group 20(1) includes a master device 21(1) and
“K”slave devices 22(1)(1) through 22(K)(1) (the index “1” in
reference numeral 21(1) and the last index in reference
numeral 22(1)(1) through 21(K)(1) corresponds to the index
of the synchrony group 20(1) to which they belong) utilize
zone players 11(1) and 11(K+1) respectively. Similarly, syn-
chrony group 20(2) includes a master device 21(2) and “L”
slave devices 22(1)(2) through 22(L)(2) that utilize zone
players 11(K+2) through 11(K+L+2). In the illustrative
arrangement depicted in FIG. 2A, both synchrony groups
20(1) and 20(2) are controlled by the user interface module
13, which can provide control information to, and receive
status information from, the master devices 21(1) and 21(2)
independently. It will be appreciated that separate user inter-
face modules may be provided to provide control information
to, and receive status information from, the respective master
devices 21(1), 21(2).

As noted above, the slave device 22(1)(2) in synchrony
group 20(2) utilizes zone player 11(K+3). In the illustrative
arrangement depicted in FIG. 2A, the audio information
channel device 23(1) that provides audio and playback timing
information to the master and slave devices 21(1),
22(1)(1), . .., 22(K)(1) of synchrony group 20(1) also utilizes
zone player 11(K+3). As noted above, this may occur if, for
example, the audio information source that is to provide audio
information to be played by the synchrony group 20(1) is
connected to the zone player 11(K+3). Thus, when the master
device 21(1) of synchrony group 20(1) exchanges channel
device control information with the audio information chan-
nel device 23(1), it is effectively exchanging channel device
control information with the zone player 11(K+3). Similarly,
when the master and slave devices 21(1), 22(1)(1), . . . ,
22(K)(1) of synchrony group 20(1) receive audio and play-
back timing information, as well as clock timing information,
from the audio information channel device 23(1), they are
effectively receiving the information from the zone player
11(K+3). FIG. 2A depicts a multi-headed arrow representing
audio and playback timing information transmitted by the
zone player 11(K+3), as audio information channel device
23(1), to the master and slave devices 21(1), 22(1)(), . . .,
11(K)(1) comprising synchrony group 20(1).

On the other hand, in the illustrative arrangement depicted
in FIG. 2A, the synchrony group 20(2) utilizes a zone player
11(K+L+3) as its audio information channel device 23(2). As
with synchrony group 20(1), when the master device 21(2) of
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synchrony group 20(2) exchanges channel device control
information with the audio information channel device 23(2),
it is effectively exchanging channel device control informa-
tion with the zone player 11(K+L+3). Similarly, when the
master and slave devices 21(2), 22(1)(2), . . ., 22(L)(2) of
synchrony group 20(2) receive audio and playback timing
information, as well as clock timing information, from the
audio information channel device 23(2), they are effectively
receiving the information from the zone player 11(K+L+3).
FIG. 2A depicts a multi-headed arrow representing audio and
playback timing information transmitted by the zone player
11(K+3) as audio information channel device 23(2) to the
master and slave devices 21(2), 22(1)(2), . . . , 22(L)(2)
comprising synchrony group 20(2).

In the illustrative arrangement depicted in FIG. 2A, zone
player 11(K+L+3), which is the audio information channel
device 23(2) for synchrony group 20(2), is not shown as being
either a master or a slave device in another synchrony group.
However, it will be appreciated that zone player 11(K+L+3)
could also beutilized as the master device or a slave device for
another synchrony group. Indeed, it will be appreciated that
the zone player that is utilized as the audio information chan-
nel device for synchrony group 20(2) may also be a zone
player that is utilized as the master device 21(1) or a slave
device 22(1)(1), . . ., 22(K)(1) in the synchrony group 20(1).

A zone player 11(») that is utilized as a member of one
synchrony group may also be utilized as the audio informa-
tion channel device for another synchrony group if the audio
information source that is to supply the audio information that
is to be played by the other synchrony group is connected to
that zone player 11(r). A zone player 11(z) may also be
utilized as the audio information channel device for the other
synchrony group if, for example, the audio information
source is an audio information source 16(m) (FIG. 1) that is
connected to the network 12 or an audio information source
that is available over a wide area network such as the Internet.
The latter may occur if, for example, the zone player 11(#) has
sufficient processing power to operate as the audio informa-
tion channel device and it is in an optimal location in the
network 12, relative to the zone players comprising the other
synchrony group (that is the synchrony group for which it is
operating as audio information channel device) for providing
the audio and playback timing information to the members of
the other synchrony group. Other circumstances under which
the zone player 11(») that is utilized as a member of one
synchrony group may also be utilized as the audio informa-
tion channel device for another synchrony group will be
apparent to those skilled in the art.

As was noted above, the master device 21 for a synchrony
group 20 may be migrated from one zone player 11(n) to
another zone player 11(»'). As was further noted above, the
audio information channel device 23 for a synchrony group
20 may be migrated from one zone player 11(») to another
zone player 11(»"). It will be appreciated that the latter may
occur if, for example, the audio information source that pro-
vides the audio program for the synchrony group is not con-
nected to the zone player 11(r) that is operating as the audio
information channel device 23, but instead is one of the audio
information sources 16(m) connected to the network 12 or a
source available over a wide area network such as the Internet.
Operations performed during a migration of an audio infor-
mation channel device 23 from one zone player 11(z) to
another zone player 11(7') will generally depend on the nature
of the audio information that is being channeled by the audio
information channel device 23. For example, if the audio
information source provides streaming audio, the zone player
11(») that is currently operating as the audio information
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channel device 23 for the synchrony group 20, can provide the
following information to the other zone player 11(»') that is to
become the audio information channel device 23 for the syn-
chrony group 20:

(a) the identification of the source of the streaming audio
information,

(b) the time stamp associated with the frame that the zone
player 11(n) is currently forming, and

(c) the identifications of the zone players that are operating
as the master device 21 and slave devices 22(g) comprising
the synchrony group 20.
After the zone player 11(»') receives the information from the
zone player 11(n), it will begin receiving the streaming audio
from the streaming audio information source identified by the
zone player 11(z), assemble the streaming audio information
into frames, associate each frame with a time stamp, and
transmit the resulting audio and playback timing information
over the network 12. The zone player 11(#') will perform
these operations in the same manner as described above,
except that, instead of using the time indicated by its digital to
analog converter clock 34 directly in generating the time
stamps for the frames, the initial time stamp will be related to
the value of the time stamp that is provided by the zone player
11(n) (reference item (b) above), with the rate at which the
time stamps are incremented corresponding to the rate at
which its (that is, the zone player 11(»')’s) clock increments.
In addition, the zone player 11(#'") will notify the zone players
that are operating as the master device 21 and slave devices
22(g) of the synchrony group 20 that it is the new audio
information channel device 23 for the synchrony group 20,
and provide the multi-cast address that it will be using to
multi-cast the audio and playback timing information, as well
as its unicast network address. After the members of the
synchrony group 20 receive the notification from the zone
player 11(»') indicating that it is the new audio information
channel device 23 for the synchrony group 20, they will
receive the audio and playback timing information from the
zone player 11(#'") instead of the zone player 11(x), using the
multi-cast address provided by the zone player 11(#'). In
addition, they can utilize the zone player 11(»')’s unicast
network address to obtain current time information there-
from. It will be appreciated that the zone player 11(#") will
determine its current time in relation to the time stamp that is
provided by the zone player 11(n) (reference item (b) above)
or the current time information that it received from the zone
player 11(») using the SN'TP protocol as described above.

Generally similar operations can be performed in connec-
tion with migrating the audio information channel device
from one zone player 11(») to another zone player 11(»") if the
audio information is from one or more audio information
files, such as may be the case if the audio information com-
prises MP3 or WAV files that are available from sources such
as sources 16(m) connected to the network 12 or over from
sources available over a wide area network such as the Inter-
net, except for differences to accommodate the fact that the
audio information is in files. In that case, the zone player
11(r) that is currently operating as the audio information
channel device 23 for the synchrony group 20 can provide the
following information to the zone player 11(x') that is to
become the audio information channel device 23 for the syn-
chrony group 20:

(d) alist of the audio information files containing the audio
information that is to be played;

(e) the identification of the file for which the zone player
11(r) is currently providing audio and playback timing infor-
mation, along with the offset into the file for which the current
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item of audio and playback timing information is being gen-
erated and the time stamp that the zone player 11(#) is asso-
ciating with that frame, and

(f) the identifications of the zone players that comprise the

master device 21 and slave devices 22(g) comprising the
synchrony group 20.
After the zone player 11(»') receives the information from the
zone player 11(#), it will begin retrieving audio information
from the file identified in item (e), starting at the identified
offset. In addition, the zone player 11(»') can assemble the
retrieved audio information into frames, associate each frame
with a time stamp and transmit the resulting audio and play-
back timing information over the network 12. The zone player
11(»") will perform these operations in the same manner as
described above, except that, instead of using the time indi-
cated by its digital to analog converter clock 34 directly in
generating the time stamps for the frames, the value of the
initial time stamp will be related to the time stamp that is
provided by the zone player 11(x) (reference item (e) above),
with the rate at which the time stamps are incremented cor-
responding to the rate at which its (that is, the zone player
11(»')’s) clock increments. In addition, the zone player 11(n")
will notify the zone players that are operating as the master
device 21 and slave devices 22(g) of the synchrony group 20
that it is the new audio information channel device 23 for the
synchrony group 20, and provide the multi-cast address that it
will be using to multi-cast the audio and playback timing
information, as well as its unicast network address. After the
members of the synchrony group 20 receive the notification
from the zone player 11(»") indicating that it is the new audio
information channel device 23 for the synchrony group 20,
they will receive the audio and playback timing information
from the zone player 11(#") instead of the zone player 11(»),
using the multi-cast address provided by the zone player
11(»"). In addition, they can utilize the zone player 11(»')’s
unicast network address to obtain current time information
therefrom. It will be appreciated that the zone player 11(»')
will determine its current time in relation to the time stamp
that is provided by the zone player 11(») (reference item (b)
above) or the current time information that it received from
the zone player 11(#) using the SNTP protocol as described
above. The zone player 11(x'") will process successive audio
information files in the list that it receives from the zone
player 11(n) (reference item (d)).

Operations performed by the zone players 11(»z) and 11(»")
in connection with migration of the audio information chan-
nel device 23 for other types of audio information will be
apparent to those skilled in the art. In any case, preferably, the
zone player 11(») will continue operating as an audio infor-
mation channel device 23 for the synchrony group 20 for at
least a brief time after it notifies the zone player 11(»") that it
is to become audio information channel device for the syn-
chrony group, so that the zone player 11(»') will have time to
notify the zone players in the synchrony group 20 that it is the
new audio information channel device 23 for the synchrony
group.

Before proceeding further in describing operations per-
formed by the network audio system 10, it would be helpful to
provide a detailed description of a zone player 11(z) con-
structed in accordance with the invention. FIG. 3 depicts a
functional block diagram of a zone player 11(») constructed
in accordance with the invention. All of the zone players in the
network audio system 10 may have similar construction. With
reference to FIG. 3, the zone player 11(») includes an audio
information source interface 30, an audio information buffer
31, a playback scheduler 32, a digital to analog converter 33,
an audio amplifier 35, an audio reproduction device interface

20

25

30

40

45

50

55

60

65

18

36, a network communications manager 40, and a network
interface 41, all of which operate under the control of a
control module 42. The zone player 11(%) also has a device
clock 43 that provides timing signals that control the general
operations of the zone player 11(»). In addition, the zone
player 11(») includes a user interface module interface 44 that
can receive control signals from the user interface module 13
(FIGS. 1 and 2) for controlling operations of the zone player
11(r), and provide status information to the user interface
module 13.

Generally, the audio information buffer 31 buffers audio
information, in digital form, along with playback timing
information. If the zone player 11() is operating as the audio
information channel device 23 (FIG. 2) for a synchrony group
20, the information that is buffered in the audio information
buffer 31 will include the audio and playback timing infor-
mation that will be provided to the devices 21 and 22(g) in the
synchrony group 20. If the zone player 11(») is operating as
the master device 21 or a slave device 22(g) for a synchrony
group, the information that is buffered in the audio informa-
tion buffer 31 will include the audio and playback timing
information that the zone player 11(») is to play.

The audio information buffer 31 can receive audio and
playback timing information from two sources, namely, the
audio information source interface 30 and the network com-
munications manager 40. In particular, if the zone player
11(r) is operating as the audio information channel device 23
for a synchrony group 20, and if the audio information source
is a source 14(n)(s) connected to the zone player 11(x), the
audio information buffer 31 will receive and buffer audio and
playback timing information from the audio information
source interface 30. On the other hand, if the zone player
11(r) is operating as the audio information channel device 23
for a synchrony group 20, and if the audio information source
is a source 16(m) connected to the network 12, or a source
available over the wide area network, the audio information
buffer 31 will receive and buffer audio and playback timing
information from the network communications manager 40.
It will be appreciated that, if the zone player 11(x) is not a
member of the synchrony group, the zone player 11(z) will
not play this buffered audio and playback timing information.

On yet another hand, ifthe zone player 11(») is operating as
the master device 21 or a slave device 22(g) in a synchrony
group, and if the zone player 11(») is not also the audio
information channel device 23 providing audio and playback
timing information for the synchrony group 20, the audio
information buffer 31 will receive and buffer audio and play-
back timing information from the network communications
manager 40.

The audio information source interface 30 connects to the
audio information source(s) 14(n)(s) associated with the zone
player 11(z). While the zone player 11(x) is operating as
audio information channel device 23 for a synchrony group
20, and if the audio information is to be provided by a source
14(n)(s) connected to the zone player 11(»), the audio infor-
mation source interface 30 will selectively receive audio
information from one of the audio information source(s)
14(r)(s) to which the zone player is connected and store the
audio information in the audio information buffer 21. If the
audio information from the selected audio information source
14(n)(s) is in analog form, the audio information source inter-
face 30 will convert it to digital form. The selection of the
audio information source 14(n)(s) from which the audio
information source interface 30 receives audio information is
under control of the control module 42, which, in turn,
receives control information from the user interface module
through the user interface module interface 44. The audio
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information source interface 30 adds playback timing infor-
mation to the digital audio information and buffers the com-
bined audio and playback timing information in the audio
information buffer 21.

More specifically, as noted above, the audio information
source interface 30 receives audio information from an audio
information source 14(r)(s), converts it to digital form if
necessary, and buffers it along with playback timing informa-
tion in the audio information buffer 21. In addition, the audio
information source interface 30 will also provide formatting
and scheduling information for the digital audio information,
whether as received from the selected audio information
source 14(n)(s) or as converted from an analog audio infor-
mation source. As will be made clear below, the formatting
and scheduling information will control not only playback by
the zone player 11(») itself, but will also enable other zone
players 11(»"), 11("), . . . that may be in a synchrony group
for which the zone player 11(») is the master device, to play
the audio program associated with the audio information in
synchrony with the zone player 11(x).

In one particular embodiment, the audio information
source interface 30 divides the audio information associated
with an audio work into a series of frames, with each frame
comprising digital audio information for a predetermined
period of time. As used herein, an audio track may comprise
any unit of audio information that is to be played without
interruption. On the other hand, an audio program may com-
prise a series of one or more audio tracks that are to be played
in succession. It will be appreciated that the tracks comprising
the audio program may also be played without interruption, or
alternatively playback between tracks may be interrupted by
aselected time interval. FIG. 4 schematically depicts an illus-
trative framing strategy used in connection with one embodi-
ment of the invention for a digital audio stream comprising an
audio work. More specifically, FIG. 4 depicts a framed digital
audio stream 50 comprising a sequence of frames 51(1)
through 51(F) (generally identified by reference numeral
51(f)). Each frame 51(f), in turn, comprises a series of audio
samples 52(f)(1) through 52(f)(S) (generally identified by
reference numeral 52(f)(s)) of the audio track. Preferably all
of the frames will have the same number “S” of audio
samples, although it will be appreciated from the following
that that is primarily for convenience. On the other hand, it
will be appreciated that, the number of audio samples may
differ from “S”; this may particularly be the case if the frame
51(f) contains the last audio samples for the digital audio
stream for a particular audio work. In that case, the last frame
51(F) will preferably contain samples 52(F)(1) through 52(F)
(x), where “x” is less than “S.” Generally, it is desirable that
the number of samples be consistent among all frames 51(f),
and in that case padding, which will not be played, can be
added to the last frame 51(F).

Associated with each frame 51(f) is a header 55(f) that
includes a number of fields for storing other information that
is useful in controlling playback of the audio samples in the
respective frame 51(f). In particular, the header 55(f) associ-
ated with a frame 51(f) includes a frame sequence number
field 56, an encoding type field 57, a sampling rate informa-
tion field 58, a time stamp field 60, an end oftrack flag 61, and
alength flag field 62. The header 55(f) may also include fields
(not shown) for storing other information that is useful in
controlling playback. Generally, the frame sequence number
field 56 receives a sequence number “f” that identifies the
relative position of the frame 51(f) in the sequence of frames
51(1)...51(f) . . . 51(F) containing the digital audio stream
50. The encoding type field 57 receives a value that identifies
the type of encoding and/or compression that has been used in
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generating the digital audio stream. Conventional encoding
or compression schemes include, for example, the well-
known MP3 and WAV encoding and/or compression
schemes, although it will be appreciated that other schemes
may be provided for as well. The sampling rate information
field 58 receives sampling rate information that indicates the
sampling rate for the audio samples 52(f)(s). As will be appar-
ent to those skilled in the art, the sampling rate determines the
rate at which the zone player 11(x) is to play the audio
samples 52(f)(s) in the frame, and, as will be described below,
determines the period of the digital to analog converter clock
34.

The condition of the end of work flag 61 indicates whether
the frame 51(f) contains the last digital audio samples for the
audio track associated with the framed digital audio work 50.
If the frame 51(f) does not contain the audio samples that are
associated with the end of the digital audio stream 50 for a
respective audio work, the end of work flag will be clear. On
the other hand, if the frame 51(f) does contain the audio
samples that are associated with the end of the digital audio
stream 50 for a respective audio work, the end of work flag 61
will be set. In addition, since the number of valid audio
samples 52(F)(s) in the frame 51(F), that is, the samples that
are not padding, may be less than “S,” the default number of
audio samples in a frame 51(f), the length flag field 62 will
contain a value that identifies the number of audio samples in
52(F)(s) in the last frame 51(F) of the audio work 50. If, as
noted above, the frames have a consistent number “S” of
samples, the samples 52(F)(x+1) through 52(F)(S) will con-
tain padding, which will not be played.

The time stamp field 60 stores a time stamp that identifies
the time at which the zone player 11(z) is to play the respec-
tive frame. More specifically, for each frame of a framed
digital audio stream 50 that is buffered in the audio informa-
tion buffer 21, the audio information source interface 30,
using timing information from the digital to analog converter
clock 34, will determine a time at which the zone player 11(z)
is to play the respective frame, and stores a time stamp iden-
tifying the playback time in the time stamp field 60. The time
stamp associated with each frame will later be used by the
playback scheduler 32 to determine when the portion of the
digital audio stream stored in the frame is to be coupled to the
digital to analog converter 33 to initiate play back. It will be
appreciated that the time stamps that are associated with
frames in sequential frames 51(1), 51(2), . . ., 51(F), will be
such that they will be played back in order, and without an
interruption between the sequential frames comprising the
digital audio stream 50. It will further be appreciated that,
after a time stamp has been determined for the first frame,
stored in frame 51(1), of a digital audio stream 50, the audio
information source interface 30 can determine time stamps
for the subsequent frame 51(2), 51(3), . . . , 51(F) in relation
to the number of samples “S” in the respective frames and the
sample rate. The time stamps will also preferably be such that
frames will be played back after some slight time delay after
they have been buffered in the audio information buffer 21;
the purpose for the time delay will be made clear below.

Returning to FIG. 3, in addition to dividing the digital
audio information into frames, the audio information source
interface 30 also aggregates and/or divides the frames 51(f) as
necessary into packets, each of which will be of a length that
would fit into a message for transmission over the network,
and associates each packet with a packet sequence number.
For example, if a packet will accommodate multiple frames
51(7), 51(f+1), . . . 51(f+y-1), it will aggregate them into a
packet and associate them with a packet number, for example
p(x). If the entire frames 51(f) and 51(f+y-1) was accommo-
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dated in packet p(x), where “x” is the sequence number,
which will occur if the size of a packet is an exact multiple of
the frame size, the next packet, p(x+1) will begin with frame
51(f+y) and will include frames 51(f+y), . . ., 51(f+2y-1).
Subsequent packets p(x+2), . . . will be formed in a similar
manner. On the other hand, if the packet length will not
accommodate an exact multiple of the frame size, the last
frame in the packet will be continued at the beginning of the
next packet.

If the audio information source interface 30 is aware of
track boundaries, which may be the case if the tracks are
divided into files, the packets will reflect the track boundaries,
that is, the packets will not contain frames from two tracks.
Thus, if the last frames associated with a track are insufficient
to fill a packet, the packet will contain padding from the last
frame associated with the track to the end of the packet, and
the next packet will begin with the first frames associated with
the next track.

In one embodiment, the audio information source interface
30 stores the packets in the audio information buffer 31 in a
ring buffer. As is conventional, a ring buffer includes a series
of storage locations in the buffer. Each entry will be sufficient
to store one packet. Four pointers are used in connection with
the ring buffer, a first pointer pointing to the beginning of the
ring buffer, a second pointer pointing to the end of the ring
buffer, an third “write” pointer pointing to the entry into
which a packet will be written and a fourth “read” pointer
pointing to the entry from which packet will be read for use in
playback. When a packet is read from the ring buffer for
playback, it will be read from the entry pointed to by the read
pointer. After the packet has been read, the read pointer will
be advanced. If the read pointer points beyond the end of the
ring buffer, as indicated by the end pointer, it will be reset to
point to the entry pointed to by the beginning pointer, and the
operations can be repeated.

On the other hand, when the audio information source
interface 30 stores a packet in the ring buffer, first determine
whether the entry pointed to by the write pointer points to the
same entry as the entry pointed to by the read pointer. If the
write pointer points to the same entry as the entry pointed to
by the read pointer, the entry contains at least a portion of a
packet that has not yet been read for playback, and the audio
information source interface 30 will delay storage of the
packet until the entire packet has been read and the read
pointer advanced. After the read pointer has been advanced,
the audio information source interface 30 can store the packet
in the entry pointed to by the write pointer. After the packet
has been stored, the audio information source interface 30
will advance the write pointer. If the write pointer points
beyond the end of the ring buffer, as indicated by the end
pointer, it will be reset to point to the entry pointed to by the
beginning pointer, and the operations can be repeated.

As noted above, the zone player 11(») can operate both as
an audio information channel device 23 and a member of the
synchrony group 20 of which it is a member. In that case, the
audio information buffer 31 can contain one ring buffer. On
the other hand, the zone player 11(x) can operate as an audio
information channel device 23 for one synchrony group 20(1)
(FIG. 2A) and a member of another synchrony group 20(2). In
that case, the audio information buffer 31 would maintain two
ring buffers, one for the audio and timing information asso-
ciated with synchrony group 20(1), and the other for the audio
and timing information associated with synchrony group
20(2). It will be appreciated that, in the latter case, the zone
player 11(») will only use the audio and timing information
that is associated with synchrony group 20(2) for playback.
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The playback scheduler 32 schedules playback of the audio
information that is buffered in the audio information buffer 31
that is to be played by the zone player 11(r). Accordingly,
under control of the playback scheduler 32, the digital audio
information that is buffered in the audio information buffer 21
that is to be played by the zone player 11(x) is transferred to
the digital to analog converter 33 for playback. As noted
above, if the zone player 11(») is operating as an audio infor-
mation channel device 23 for a synchrony group 20 for which
it is not a member, the playback scheduler 32 will not sched-
ule the digital audio information that is to be played by that
synchrony group 20 for playback. The playback scheduler 32
only schedules the digital audio information, if any, that is
buffered in the audio information buffer 31 that is associated
with a synchrony group for which the zone player 11(») is a
member, whether as master device 21 or a slave device 22(g).

Essentially, the playback scheduler 32 makes use of the
read pointer associated with the circular buffer that contains
the audio and playback timing information that is to be played
by the zone player 11(»). The playback scheduler 32 retrieves
the packet information from the entry of the ring buffer
pointed to by the read pointer, and then advances the ring
pointer as described above. The playback scheduler 32 deter-
mines the boundaries of the frames in the packet and uses the
time stamps in the time stamp fields 60 associated with the
respective frame 51(f), along with timing information pro-
vided by the zone player 11(»)’s digital to analog converter
clock 34, to determine when the respective frame is to be
transferred to the digital to analog converter 33. Generally,
when the time stamp associated with a buffered digital audio
information frame corresponds to the current time as indi-
cated by the digital to analog converter clock 34, the playback
scheduler 32 will enable the respective frame to be transferred
to the digital to analog converter 33.

The digital to analog converter 33, also under control of the
digital to analog converter clock 34, converts the buffered
digital audio information to analog form, and provides the
analog audio information to the audio amplifier 35 for ampli-
fication. The amplified analog information, in turn, is pro-
vided to the audio reproduction devices 15(z)(#) through the
audio reproduction device interface 36. The audio reproduc-
tion devices 15(n)(r) transform the analog audio information
signal to sound thereby to provide the audio program to a
listener. The amount by which the audio amplifier 35 ampli-
fies the analog signal is controlled by the control module 42,
in response to volume control information provided by the
user through the user interface module 13.

The network communications manager 40 controls net-
work communications over the network 12, and the network
interface 41 transmits and receives message packets over the
network 12. The network communications manager 40 gen-
erates and receives messages to facilitate the transfer of the
various types of information described above in connection
with FIG. 2, including the channel device control informa-
tion, slave device control information, audio and playback
timing information and the audio information channel
device’s clock timing information. In connection with the
channel device control information and the slave device con-
trol information, the network communications manager 40
will generate messages for transfer over the network 12 in
response to control information from the control module 42.
Similarly, when the network communications manager 40
receives messages containing channel device control infor-
mation and slave device control information, the network
communications manager will provide the information to the
control module 42 for processing.
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With regards to the audio information channel device’s
clock timing information, as noted above, the master device
21 and slave devices 22(g) of the synchrony group 20 obtain
the clock timing information from the audio information
channel device 23 using the well-known SNTP. If the zone
player 11(») is operating as the audio information channel
device 23 for a synchrony group, during the SNTP operation,
it will provide its current time, particularly a current time as
indicated by its digital to analog converter clock 34. On the
other hand, if the zone player 11(x) is operating as the master
device 21 or slave device 22(g) of a synchrony group 20, it
will receive the clock timing information from the audio
information channel device 23. After the respective device 21,
22(g) has obtained the audio information channel device’s
clock timing information, it will generate a differential time
value AT representing the difference between the time T
indicated by its digital to analog converter clock 34 and the
current time information from the audio information channel
device 23. The differential time value will be used to update
the time stamps for the frames of the digital audio stream 50
(FIG. 4) that are received from the audio information channel
device.

With regards to the audio and playback timing information,
operations performed by the network communications man-
ager 40 will depend on whether

(i) the audio and playback timing information has been
buffered in the audio information buffer 31 for transmission,
as audio information channel device 23, over the network 12
to the master device 21 and/or slave devices 22(g) of a syn-
chrony group, or

(ii) the audio and playback timing information has been

received from the network 12 to be played by the zone player
11(n) as either the master device 21 for a synchrony group or
a slave device in a synchrony group.
It will be appreciated that the network communications man-
ager 40 may be engaged in both (i) and (ii) contemporane-
ously, since the zone player 11(») may operate both as the
audio information channel device 23(1) for a synchrony
group 20(1) (reference FIG. 2A) of which it is not a member,
and a member of another synchrony group 20(2) for which
another zone player 11(»") is the audio information channel
device 23(2). With reference to item (i) above, after a packet
that is to be transmitted has been buffered in the respective
ring buffer, the network communications manager 40
retrieves the packet, packages it into a message and enables
the network interface 41 to transmit the message over the
network 12. If the control module 42 receives control infor-
mation from the user interface module 13 (if the master
device 21 is also the audio information channel device 23 for
the synchrony group 20) or from the master device (if the
master device 21 is not the audio information channel device
23 for the synchrony group 20) that would require the trans-
mission of a “resynchronize” command as described above,
the control module 42 of the audio information channel
device 23 enables the network communications manager 40
to insert the command into a message containing the audio
and playback timing information. Details of the operations
performed in connection with the “resynchronize” command
will be described below. As noted above, the “resynchronize”
command is used if the user enables a synchrony group to
terminate the playback of a track that is currently being
played, or cancel playback of a track whose playback has not
begun.

On the other hand, with reference to item (ii) above, if
network interface 41 receives a message containing a packet
containing frames of audio and playback timing information
that the zone player 11(») is to play either as a master device
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21 or a slave device for a synchrony group 20, the network
interface 41 provides the audio and playback timing informa-
tion to the network communications manager 40. The net-
work communications manager 40 will determine whether
the packet contains a resynchronize command and, if so,
notify the control module 42, which will enable operations to
be performed as described below. In any case, the network
communications manager 40 will normally buffer the various
frames comprising the audio and playback timing informa-
tion in the audio information buffer 31, and in that operation
will generally operate as described above in connection with
the audio information source interface 30. Before buffering
them, however, the network communications manager 40 will
update their time stamps using the time differential value
described above. It will be appreciated that the network com-
munications manager 40 will perform similar operations
whether the messages that contain the packets were multi-
cast messages or unicast messages as described above

The updating of the time stamps by the master device 21
and the slave devices 22(g) in the synchrony group 20 will
ensure that they all play the audio information synchronously.
In particular, after the network communications manager 40
has received a frame 51(f) from the network interface 41, it
will also obtain, from the digital to analog converter clock 34,
the zone player 11(72)’s current time as indicated by its digital
to analog converter clock 34. The network communications
manager 40 will determine a time differential value that is the
difference between the slave device’s current clock time, as
indicated by its digital to analog converter 34, and the audio
information channel device’s time as indicated by the audio
information channel device’s clock timing information.
Accordingly, if the master or slave device’s current time has
avalue T g and the audio information channel device’s current
time, as indicated by the clock timing information, has a value
T, the time differential value AT=T ;- T .. If the current time
of the master or slave device in the synchrony group 20, as
indicated by its digital to analog converter clock 34, is ahead
of the audio information channel device’s clock time as indi-
cated by the clock timing information received during the
SNTP operation, the time differential value will have a posi-
tive value. On the other hand, if the master or slave device’s
current time is behind the audio information channel device’s
clock time, the time differential value AT will have a negative
value. If the zone player 11(») obtains clock timing informa-
tion from the audio information channel device 23 periodi-
cally while it is a member of the synchrony group 20, the
network communications manager 40 can generate an
updated value for the time differential value AT when it
receives the clock timing information from the audio infor-
mation channel device 23, and will subsequently use the
updated time differential value.

The network communications manager 40 uses the time
differential value AT that it generates from the audio infor-
mation channel device timing information and zone player
11(n)’s current time to update the time stamps that will be
associated with the digital audio information frames that the
zone player 11(r) receives from the audio information chan-
nel device. For each digital audio information frame that is
received from the audio information channel device, instead
of storing the time stamp that is associated with the frame as
received in the message in the audio information buffer 21,
the network communications manager 40 will store the
updated time stamp with the digital audio information frame.
The updated time stamp is generated in a manner so that,
when the zone player 11(»), as a member of the synchrony
group plays back the digital audio information frame, it will
do so in synchrony with other devices in the synchrony group.
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More specifically, after the zone player 11(r)’s network
interface 41 receives a message containing a packet that, in
turn, contains one or more frames 51(f), it will provide the
packet to the network communications manager 40. For each
frame 51(f) in the packet that the network communications
manager 40 receives from the network interface 41, the net-
work communications manager 40 will add the time differ-
ential value AT to the frame’s time stamp, to generate the
updated time stamp for the frame 51(f), and store the frame
51(f), along with the header 55(f) with the updated time stamp
in the audio information buffer 31. Thus, for example, if a
frame’s time stamp has a time value T, the network commu-
nications manager 40 will generate an updated time stamp
TY, having a time value T, =T +AT. Since time value T,
according to the slave device’s digital to analog converter
clock 34 is simultaneous to the time value T according to the
audio information channel device’s digital to analog con-
verter clock 34, the zone player 11(z) device will play the
digital audio information frame at the time determined by the
audio information channel device 23. Since all of the mem-
bers of the synchrony group 20 will perform the same opera-
tions, generating the updated time stamps T, for the various
frames 51(f) in relation to their respective differential time
values, all of the zone players 11(#) in the synchrony group 20
will play them synchronously. The network communications
manager 40 will generate updated time stamps T for all of
the time stamps 60 in the packet, and then store the packet in
the audio information buffer 31.

It will be appreciated that, before storing a packet in the
audio information buffer 21, the network communications
manager 40 can compare the updated time stamps T asso-
ciated with the frames in the packet to the slave device’s
current time as indicated by its digital to analog converter
clock 34. If the network communications manager 40 deter-
mines the time indicated by the updated time stamps of
frames 51(f) in the packet are earlier than the zone player’s
current time, it can discard the packet instead of storing it in
the audio information buffer 21, since the zone player 11(»)
will not play them. That is, if the updated time stamp has a
time value T, that identifies a time that is earlier than the
zone player’s current time T c as indicated by the zone player’s
digital to analog converter clock 34, the network communi-
cations manager 40 can discard the packet.

Ifthe zone player 11(r) is operating as the master device 21
of a synchrony group 20, when the user, through the user
interface module 13, notifies the zone player 11(x) that
another zone player 11(»') is to join the synchrony group 20 as
a slave device 22(g), the control module 42 of the zone player
11(n) enables the network communications manager 40 to
engage in an exchange of messages, described above in con-
nection with FIG. 2, to enable the other zone player 11(") to
join the synchrony group 20 as a slave device. As noted above,
during the message exchange, the messages generated by the
network communications manager 40 of the zone player
11(») will provide the network communications manager of
the zone player 11(7') that is to join the synchrony group 20
with information such as the multi-cast address being used by
the audio information channel device 23 that is providing the
audio program to the synchrony group 20, as well as a unicast
network address for the audio information channel device 23.
After receiving that information, the network communica-
tions manager and network interface of the zone player 11(»')
that is to join the synchrony group 20 can begin receiving the
multi-cast messages containing the audio program for the
synchrony group, engage in SNTP transactions with the audio
information channel device 23 to obtain the latter’s current
time, and also enable the audio information channel device 23
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to send the zone player 11(»') frames 51(f) that it had previ-
ously broadcast using the unicast message transmission
methodology as described above.

On the other hand, if the network communications man-
ager 40 and network interface 41 of the zone player 11(#)
receive a message over the network 12 indicating that it is to
become a slave device 22(g) of a synchrony group for which
another zone player 11(»') is the master device, the network
communications manager 40 for zone player 11(z) will pro-
vide a notification to the control module 42 of zone player
11(n). Thereafter, the control module 42 of zone player 11(%)
can enable the network communications manager 40 of zone
player 11(n) to perform the operations described above to
enable it to join the synchrony group 20.

As noted above, the user, using user interface module 13,
can enable the synchrony group to terminate playback of a
track of an audio program that is currently being played. After
playback of a track that is currently being played has been
terminated, playback will continue in a conventional manner
with the next track that has been buffered in the audio infor-
mation buffer 31. It will be appreciated that that could be the
next track that is on the original play list, or a previous track.
In addition, the user can enable the synchrony group 20 to
cancel playback of a track that it has not yet begun to play, but
for which buffering of packets has begun in the synchrony
group 20. Both of these operations make use of the “resyn-
chronize” command that the master device 21 of the syn-
chrony group 20 can enable the audio information channel
device 23 to include in the multi-cast message stream that it
transmits to the synchrony group 20. Generally, in response to
receipt of the resynchronize command, the members of the
synchrony group 20 flush the ring buffer containing the pack-
ets that they are to play in the future. In addition, if the
members of the synchrony group provide separate buffers for
their respective digital to analog converters 33, the members
will also flush those buffers as well. After the audio informa-
tion channel device transmits a packet containing the resyn-
chronize command:

(i) in the case of the use of the resynchronize command to
terminate playing of a track that is currently being played, the
audio information channel device 23 will begin multi-casting
packets for the next track, to begin play immediately, and will
continue through the play list in the manner described above;
and

(i1) in the case of the use of the resynchronize command to
cancel play of a track for which buffering has begun, but
which is to be played in the future, the audio information
channel device 23 will begin multi-casting packets for the
track after the track that has been cancelled, to be played
beginning at the time the cancelled track was to begin play,
and will also continue through the play list in the manner
described above.

It will be appreciated that,

(a) in the first case (item (i) directly above), the resynchro-
nize command can enable the read pointer to be set to point to
the entry in the circular buffer into which the first packet for
the next track will be written, which will correspond to the
entry to which the write pointer points, but

(b) in the second case (item (ii) directly above), the resyn-

chronize command can enable the write pointer for the circu-
lar buffer to be set to point to the entry that contains the first
packet for the track whose play is being cancelled.
It will further be appreciated that, if a track is cancelled for
which buffering has not begun, the resynchronize command
will generally not be necessary, since the audio information
channel device 23 for the synchrony group 20 need only
delete that track from the play list.
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Operations performed in connection with use of the resyn-
chronize command to cancel playback of a track that is cur-
rently being played will be described in connection with
Packet Sequence A below, and operations performed in con-
nection with the use of the resynchronize command to cancel
playback of a track that is has not yet begun to play, but for
which buffering of packets has begun, will be described in
connection with Packet Sequence B below.

Packet Sequence A
(A1.0) [packet 57]

(Al.1 [continuation of frame 99]

(A1.2) [frame 100, time=0:00:01, type=mp3 audio]
(A1.3) [frame 101, time=0:00:02, type=mp3 audio]
(A1.4) [frame 102, time=0:00:03, type=mp3 audio]
(A2.0) [packet 58]

(A2.1) [continuation of frame 102]

(A2.2) [frame 103, time=0:00:04, type=mp3 audio]
(A2.3) [frame 104, time=0:00:05, type=mp3 audio]
(A2.4) [frame 105, time=0:00:06, type=mp3 audio]
(A3.0) [packet 59]

(A3.1) [continuation of frame 105]

(A3.2) [frame 106, time=0:00:07, type=mp3 audio]
(A3.3) [frame 107, time=0:00:08, type=mp3 audio]
(A3.4) [frame 108, time=0:00:09, type=mp3 audio]
(A4.0) [packet 60]

(A4.1) [continuation of frame 108]

(A4.2) [frame 109, time=0:00:10, type=mp3 audio]
(A4.3) [Resynchronize command]

(A4.4) [Padding, if necessary]

(AS5.0) [packet 61]

(AS.1) [frame 1, time=0:00:07, type=mp3 audio]
(AS.2) [frame 2, time=0:00:08, type=mp3 audio]
(AS5.3) [frame 3, time=0:00:09, type=mp3 audio]
(A5.4) [frame 4, time=0.00.10, type=mp3 audio]
(A6.0) [packet 62]

(A6.1) [continuation of frame 4]

(A6.2) [frame 5, time=0:00:11, type=mp3 audio]
(A6.3) [frame 6, time=0:00:12, type=mp3 audio]
(A6.4) [frame 7, time=0:00:13, type=mp3 audio]

Packet Sequence A comprises a sequence of six packets,
identified by packet 57 through packet 62, that the audio
information channel device 23 multi-casts in respective mes-
sages to the members of a synchrony group 20. It will be
appreciated that the series of messages that the audio infor-
mation channel device 23 may multi-cast to the synchrony
group 20 may include a messages prior to the packet 57, and
may also include messages after packet 62. Each packet com-
prises a packet header, which is symbolized by lines (A1.0),
(A2.0), . . . (A6.0) in Packet Sequence A, and will generally
also include information associated with at least a portion of
a frame. In the packets represented in Packet Sequence A,
each packet includes information associated with a plurality
of frames. Depending on the lengths of the packets, each
packet may contain information associated with a portion of
a frame, an entire frame, or multiple frames. In the illustration
represented by Packet Sequence A, it is assumed that each
packet may contain information associated with multiple
frames. In addition, it is assumed that a packet does not
necessarily contain information associated with an integral
number of frames; in that case, a packet may contain infor-
mation associated with a portion of a frame, and the next
packet will contain the information associated with the rest of
a frame.

The frames and associated header playback timing infor-
mation contained in the various packets are symbolized by
lines (A1.1), (A1.2),...,(A1.4),(A2.1),...(A6.4) of Packet
Sequence A. Thus, for example, line (A1.2) of packet 57
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represents the one-hundredth frame, that is, frame 51(100)
(reference FIG. 4), of the track whose audio information is
being transmitted in the sequence of packets that includes
packet 57. The frame 51(100) is to be played at an illustrative
time, according to the audio information channel device’s
digital to analog converter clock, of “time=0:00:01,” and the
frame is encoded and/or compressed using the well-known
MP3 encoding and compression methodology. In that case,
the legend“time=0:00:01" represents the time stamp that
would be included in field 60 (FIG. 4) of the header associated
with the frame 50(100) as multi-cast by the audio information
channel device for the synchrony group. It will be appreciated
that the playback time and encoding/compression methodol-
ogy will be referred in the header 55(100) that is associated
with the frame 51(100). It will also be appreciated that the
header may also contain additional information as described
above.

Similarly, line (Al.3) of packet 57 represents the one-
hundred and first frame, that is, frame 51(101), of the track
whose audio information is being transmitted in the sequence
of packets that includes packet 57. The frame 51(101) is to be
played at an illustrative time, according to the audio informa-
tion channel device’s digital to analog converter clock, of
“0:00:02,” and the frame is also encoded and/or compressed
using the MP3 encoding and compression methodology. Line
(A1.4) of packet 57 represents similar information, although
it will be appreciated that, depending on the length of packet
57, the line may not represent the information for an entire
frame 51(102) and/or its associated header. If the length of
packet 57 is not sufficient to accommodate the information
for the entire frame 51(102) and/or associated header, the
information will continue in packet 58, as represented by line
(A2.1)in Packet Sequence A. Similarly, if the length of packet
56 was not sufficient to contain the information for an entire
frame 51(99) preceding frame 51(100), packet 57 (lines
(A1.0) through 1.4) may contain any information from frame
51(99) that packet 56 was unable to accommodate.

As noted above, when the master device 21 or a slave
device 22(g) in the synchrony group 20 receives the packet
57, its respective network communications manager 40 will
update the time stamps associated with the various frames
51(f) as described above before buffering the respective
frames in the respective audio information buffer 31.

Packets 58 and 59 contain information that is organized
along the lines described above in connection with packet 57.

Packet 60 also contains, as represented by lines (A4.1) and
(A4.2), information that is organized along the lines of the
information represented by lines (Ax.1) and (Ax.2) (“x”
equals an integer) described above in connection with packets
57 through 59. On the other hand, packet 60 contains a resyn-
chronize command, as represented by line (A4.3). Packet 60
also may contain padding, as represented by line 4.4, follow-
ing the resynchronize command. As noted above, the master
device 21 of a synchrony group 20 will enable the audio
information channel device 23 that is providing audio infor-
mation to the synchrony group 20 to multi-cast a message
containing the resynchronize command when it receives noti-
fication from the user interface module 13 that the user wishes
to cancel playback of a track that is currently being played. In
the example depicted in Packet Sequence A, as will be
described below, the audio information channel device 23
receives notification from the master device 21 that the user
wishes to cancel playback of a track at a time corresponding
to “time=0:00:07" according to its digital to analog converter
clock 34, and, in line (A4.3) of packet 60 it will provide the
resynchronize command, followed by padding, if necessary.
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As will be apparent from examining lines (A3.1) through
(A3.4) of packet 59 and lines (A4.1) and (A4.2) of packet 60,
although the audio information channel device 23 has
received the notification from the synchrony group’s master
device 21 to multi-cast the resynchronize command at a time
corresponding to “time=0:00:07" according to the clock time
indicated by its digital to analog converter clock 34, it (that is,
the audio information channel device 23) has already multi-
cast messages containing frames that are to be played at that
time and subsequently. That is, the audio information channel
device 23 has, multi-cast in packet 59, frames 51(106)
through 51(108) that contain time stamps “time=0:00:07,”
“time=0:00:08" and “time=0:00:09,” respectively, and, in
packet 60, in addition to the continuation of frame 51(108),
frame 51(109) that contains time stamp “time=0:00:10." (It
will be appreciated that the times indicated by the illustrative
time stamps are for illustration purposes only, and that in an
actual embodiment the time stamps may have different values
and differentials.)

As noted above, the audio information channel device 23
multi-casts a message containing a packet that, in turn, con-
tains the resynchronize command when it receives the noti-
fication from the master device 21 to do so. In the example
depicted in Packet Sequence A, the packet will be multi-cast
when the audio information channel device’s digital to analog
converter clock time corresponds to “0:00:07.” Subsequently,
two things happen. In one, aspect, when the master device 21
and slave devices 22(g) receive the packet that contains the
resynchronize command, they will stop playing the audio
program that they are playing.

In addition, the audio information channel device 23 will
begin transmitting frames containing audio information for
the next track, including therewith time stamps immediately
following the digital to analog converter clock time at which
the packet including the resynchronize command was trans-
mitted. Accordingly, and with further reference to Packet
Sequence A, the audio information channel device 23 will
multi-cast a message containing packet 61. As indicated
above, packet 61 contains, as represented in lines (AS.1)
through (AS5.3), frames 51(1) through 51(3), which are the
first three frames of the next track of the audio program that is
to be played. It is also compressed and encoded using the
MP3 encoding and compression scheme, and it is accompa-
nied by time stamps “time=0:00:07,” “time=0:00:08" and
“time=0:00:10.” As noted above, the time stamp “time=0:00:
07” corresponds to the clock time at which the audio infor-
mation channel device 23 multi-casts the resynchronize com-
mand, and, when the master device 21 and slave devices 22(g)
receive these frames, they would be expected to begin playing
them very shortly, if not immediately after the audio infor-
mation channel device 23 multi-casts the message containing
the packet that, in turn, contains the resynchronize command.
Packet 61 also includes at least a portion of the next frame,
that is, frame 51(4), for that track. In addition, Packet
Sequence A depicted above further includes a subsequent
packet, namely, packet 62, that contains any necessary con-
tinuation of frame 51(4), as well as three subsequent frames.
If any additional packets are required for the track, as well as
for subsequent tracks, they can be multi-cast in a similar
manner.

As further noted above, the resynchronize command can
also be used to cancel playing of one or more tracks for which
playback has begun. This will be illustrated in connection
with Packet Sequence B:

Packet Sequence B
(B1.0) [packet 157]
(B1.1) [continuation of frame 99]
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(B1.2) [frame 100, time=0:00:01, type=mp3 audio]
(B1.3) [frame 101, time=0:00:02, type=mp3 audio]
(B1.4) [frame 102, time=0:00:03, type=mp3 audio]
(B2.0) [packet 158]
(B2.1) [continuation of frame 102]
(B2.2) [frame 103, time=0:00:04, type=mp3 audio]
(B2.3) [frame 104, time=0:00:05, type=mp3 audio]
(B2.4) [frame 105, time=0:00:06, type=mp3 audio]
(B3.0) [packet 159]
(B3.1) [continuation of frame 105]
(B3.2) [frame 106, time=0:00:07, type=mp3 audio]
(B3.3) [track boundary notification]
(B3.4) [Padding, if necessary|
(B4.0) [packet 160]
(B4.1) [frame 1, time=0:00:08, type=mp3 audio]
(B4.2) [frame 2, time=0:00:09, type=mp3 audio]
(B4.3) [frame 3, time=0:00:10, type=mp3 audio]
(B5.0) [packet 161]
(BS5.1) [continuation of frame 3]
(B5.2) [frame 4, time=0:00:11, type=mp3 audio]
(B5.3) [Resynchronize, after packet 159]
(B5.4) [Padding, if necessary|
(B6.0) [packet 162]
(B6.1) [frame 1, time=0:00:08, type=mp3 audio]
(B6.2) [frame 2, time=0:00:09, type=mp3 audio]
(B6.3) [frame 3, time=0:00:10, type=mp3 audio].
(B6.4) [frame 4, time=0:00:11, type=mp3 audio]
(B7.0) [packet 163]
(B7.1) [continuation of frame 4]
(B7.2) [frame 5, time=0:00:12, type=mp3 audio]
(B7.3) [frame 6, time=0:00:13, type=mp3 audio]
(B7.4) [frame 7, time=0:00:14, type=mp3 audio]

Packet Sequence B comprises a series of seven packets,
identified by packet 157 through 163, that the audio informa-
tion channel device 23 multi-casts to the members of a syn-
chrony group 20. As with Packet Sequence A, it will be
appreciated that the series of packets that the audio informa-
tion channel device 23 may multi-cast to the synchrony group
20 may include packets prior to the packet 157, and may also
include packets after packet 162. Each packet comprises a
packet header, which is symbolized by lines (B1.0),
(B2.0), . . . (B7.0) in Packet Sequence B. As in Packet
Sequence A, each packet will also generally include informa-
tion associated with at least a portion of a frame 51(f) along
with its associated frame 55(f). As in the packets represented
in Packet Sequence A, each packet includes information asso-
ciated with a plurality of frames. Depending on the lengths of
the packets, each packet may contain information associated
with a portion of a frame, an entire frame, or multiple frames.
Further, as with Packet Sequence A, it is assumed that each
packet may contain information associated with multiple
frames. In addition, it is assumed that a packet does not
necessarily contain information associated with an integral
number of frames; in that case, a packet may contain infor-
mation associated with a portion of a frame, and the next
packet will contain the information associated with the rest of
a frame.

The structures of the packets represented by Packet
Sequence B are similar to those described above in connec-
tion with Packet Sequence A, and will not be repeated here.
Generally, Packet Sequence B illustratively contains a
sequence of packets that represent at least portions of three
tracks that may have been selected from, for example, a play
list. In particular, packets 157 through 159 represent frames
from a portion of one track, packets 160 and 161 represent
frames from a second track and packets 162 and 163 represent
frames from a third track. The play list indicated that the first,
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second and third tracks were to be played in that order. With
particular reference to Packet Sequence B, it should be noted
that line (B3.3) indicates that packet 159 includes an indica-
tion that that packet contains the last frame for the track, and
line (B3.4) provides for padding to the end of the packet. The
first frame of the next track begins in packet 160.

In connection with the use of the resynchronize command
to cancel playback of a track, at least a portion of which the
audio information channel device 23 has multi-cast to the
members of the synchrony group, packet 161, in line (B5.3)
represents a resynchronize command that indicates that
resynchronization is to occur after packet 159, that is, imme-
diately after the packet that contains the last frame of the first
of the three tracks represented by the packets in Packet
Sequence B. It should be noted that the resynchronize com-
mand is in the packet 161, while the resynchronization is to
occur at packet 160, that is, the synchrony group is to not play
the track starting with packet 160, but instead is to begin
playing the track frames for which begin with the next packet,
that is, packet 162. As with Packet Sequence A, in Packet
Sequence B the audio information channel device 23, in
packet 162 and 163, multi-casts frames whose time stamps
indicate that they are to be played when the frames that were
multi-cast in packets 160 and 161 were to be played. By use
of the resynchronize command and specifying a packet in this
manner, the audio information channel device can cancel
playback of a track for which playback has not yet begun.

It will be appreciated that the resynchronize command is
generally not necessary for cancelling play back of a track
that the audio information channel device 23 has not started
multi-casting to the synchrony group 20, since the audio
information channel device 23 itself can re-order the play list
to accommodate the cancellation.

The invention provides a number of advantages. In particu-
lar, the invention provides a network audio system in which a
number of devices share information can reproduce audio
information synchronously, notwithstanding the fact that
packets, which may contain digital audio information, trans-
mitted over the network to the various zone players connected
thereto may have differing delays and the zone players oper-
ate with independent clocks. Moreover, although the inven-
tionhas been described in connection with audio information,
it will be appreciated that the invention will find utility in
connection with any type of isochronous information for
which synchrony among devices is desired. The system is
such that synchrony groups are created and destroyed
dynamically, and in such a manner as to avoid requiring a
dedicated device as the master device.

It will be appreciated that a number of changes and modi-
fications may be made to the network audio system 10 as
described above. For example, although the invention has
been described as providing that the audio information chan-
nel device 23 provides digital audio information to the mem-
bers synchrony group 20 that has been encoded using particu-
lar types of encoding and compression methodologies, it will
be appreciated that the audio information channel device 23
can provide digital audio information to various members of
the synchrony group 20 that have been encoded and com-
pressed using different types of encoding and compression
methodologies, and, moreover, for which different sampling
rates have been used. For example, the audio information
channel device 23 may provide digital audio information to
the master device 21 and slave devices 22(1) through 22(g,)
using the MP3 methodology at a specified sampling rate, the
digital audio information for the same program to slave
devices 22(g, +1) through 22(g,) using the WAV methodol-
ogy at one specified sampling rate, and to slave devices
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22(g,+1) through 22(G) using the WAV methodology at
another specified sampling rate. In that case, the audio infor-
mation channel device 23 can specify the particular encoding
and compression methodology that has been used in the
encoding type field 57 associated with each frame and the
sampling rate in the sampling rate field 58. Moreover, since
the encoding and compression type and sampling rate are
specified for each frame, the encoding and compression type
and sampling rate can be changed from frame to frame. The
audio information channel device 23 may use different multi-
cast addresses for the different encoding and compression
types and sampling rates, but it will be appreciated that that
would not be required.

It will be appreciated that two advantages of providing that
the encoding and compression methodology and the sam-
pling rate is provided on a frame-by-frame basis, instead of
on, for example, a track-by-track basis, is that that would
facilitate a slave device joining the synchrony group 20 at a
frame mid-track, without requiring, for example, the master
device 21 or the audio information channel device 23 to notify
it of the encoding and compression methodology or the sam-
pling rate.

Another modification is that, instead of the network com-
munications manager 40 of a member of a synchrony group
20 generating the updated time stamp TY}. for a digital audio
information frame by adding the time differential value AT to
the time stamp T associated with a frame, the network com-
munications manager 40 may instead generate the updated
time stamp TY . by subtracting the differential time value AT
from the member’s current time T as indicated by the mem-
ber’s digital to analog converter clock 34 at the time at which
the digital audio information is received. It will be appreci-
ated, however, that there may be variable time delays in
processing of messages by the slave device’s network com-
munications manager 40, and so it may be preferable to
generate the time differential value AT using the time stamp
Tz provided by the audio information channel device 23.

In addition, instead of the network communications man-
ager 40 of a member of a synchrony group generating an
updated time stamp to reflect the difference between the times
indicated by the member’s digital to analog converter clock
and the audio information channel device’s digital to analog
converter clock, the network communications manager 40
can generate the time differential value AT and provide it to
the member’s playback scheduler 32. In that case, the mem-
ber’s network communications manager 40 can store each
digital audio information frame along with the time stamp T
as received from the master device in the audio information
buffer 21. The playback scheduler 32 can utilize the time
differential value AT, and the time stamps T associated with
the digital audio information frames, to determine when the
respective digital audio information frames are to be played.
In determining when a digital audio information frame is to be
played, the playback scheduler can add the time differential
value to the time stamp T associated with the digital audio
frame, and enable the digital audio frame to be coupled to the
digital to analog converter 33 when the time indicated by the
sum corresponds to the current time as indicated by the slave
device’s digital to analog converter clock 34. Alternatively,
when the member’s digital to analog converter clock 34
updates its current time T, the playback scheduler can gen-
erate an updated current time T'; by subtracting the differen-
tial time value AT from the current time T, and using the
updated current time T's to determine when to play a digital
audio information frame.

As described above, the members of a synchrony group 20
periodically obtain the audio information channel device’s
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current time value and uses the current time value that it
receives from the audio information channel device to peri-
odically update the time differential value AT that it uses in
updating the time stamps associated with the various frames.
It will be appreciated that, if the digital to analog converter
clock(s) associated with the member(s) of a synchrony group
20 are ensured to have the same rate as the digital to analog
converter clock, a member need only obtain the current time
value from the audio information channel device once, at the
beginning of playback.

As another alternative, if the zone players are provided
with digital to analog converter clock 34 whose time and rate
can be set by an element such as the network communications
manager 40, when a zone player 11(») is operating as a
member of a synchrony group 20, its network communica-
tions manager 40 can use the various types of timing infor-
mation that it receives from the audio information channel
device 23, including the current time information and the
playback timing information indicated by the time stamps
that are associated with the various frames 51(f) comprising
the audio and playback timing information that it receives, to
adjust the synchrony group member’s digital to analog con-
verter clock’s time value and/or the clock rate that it uses for
playback. If the clock’s time value is to be adjusted, when the
synchrony group member’s network communications man-
ager 40 initially receives the current time information from
the audio information channel device 23 for the synchrony
group 20, the network communications manager 40 can set
the synchrony group member’s digital to analog converter
clock 34 to the current time value as indicated by the audio
information channel device’s current time information. The
network communications manager 40 can set the clock 34 to
the current time value indicated by the audio information
channel device’s current time information once, or periodi-
cally as it receives the current time information.

Alternatively or in addition, the synchrony group mem-
ber’s network communications manager 40 can use one or
both of the current time information and/or the playback
timing information in the time stamps associated with the
respective frames 51(f) to adjust the clock rate of the clock 34
that it uses for playback. For example, when the synchrony
group member’s network communications manager 40
receives a frame 51(fy) having a time stamp haVing a time
value T, it can generate the updated time value T /7Tf+AT
as described above, and store the frame with the time stamp
with the updated time value in the audio information buffer
30. In addition, since both the number of samples in a frame
and the sampling rate, which determines the rate at which the
frame is to be played, are known to the network communica-
tions manager 40, it can use that information, along with the
updated time value T, £y that is to be used for frame 51(f5) to
generate an expected updated time value TEf that is
expected for the updated time stamp of the next frame
51(f,., ,)- After the synchrony group member’s network com-
munications manager 40 receives the next frame 51(fy, ), it
can generate the updated time value TUfX and compare that
value to the expected updated time value T, . If the two time
values do not correspond, or if the difference between them is
above a selected threshold level, the clock that is used by the
audio information channel device 23 to generate the time
stamps is advancing at a different rate than the synchrony
group member’s digital to analog converter clock 34, and so
the network communications manager 40 can adjust the rate
of the digital to analog converter clock 34 to approach that of
the clock used by the audio information channel device 23 so
that the differential time value AT is constant. On the other
hand, if the two time values do correspond, then the time
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differential value AT is constant, or the difference is below a
threshold level, and the network communications manager 40
need not change the clock rate of the digital to analog con-
verter clock 34. It will be appreciated that, if the clock rate is
to be adjusted, the rate adjustment can be fixed, or it can vary
based on, for example, the difference between the updated
time value TUf}m and the expected updated time value TZ e

It will also be appreciated that, if no rate adjustment is
performed for one frame 51(f, , ), the synchrony group mem-
ber’s network communications manager 40 can generate an
expected updated time value TEX that is expected for the
updated time stamp of the next frame 51(fy,,) using the
updated time value T, £, determined for frame 51(fy), along
with the number of samples in a frame and the sampling rate,
and compare the expected updated time value TE e, 10 the
updated time value T , that it generates when it receives
frame 51(f, ). At that pomt, if the network communications
manager 41 determines that two time values do not corre-
spond, or if the difference between them is above a selected
threshold level, it can adjust the rate of the digital to analog
converter clock 34. Similar operations can be performed if no
rate adjustment is performed for several successive frames
51(fx. 1) 51(fr2)s - - - - This will accommodate the possibility
that the rate differential between the clock 34 and the clock
used by the audio information channel device 23 in generat-
ing the time stamps have rates that differ by an amount suf-
ficiently small that it cannot be detected using time stamps of
two or more successive frames.

Instead or in addition to adjusting the clock rate as
described above, the synchrony group member’s network
communications manager 40 can perform similar operations
in connection with adjusting the clock rate in connection with
the current time information that it receives from the audio
information channel device 23.

Furthermore, although the network audio system 10 has
been described such that the master device 21 of a synchrony
group 20 can, in response to control information provided
thereto by a user through the user interface module 13, pro-
vide a notification to a zone player 11(») that it is to become
a member of its synchrony group 20 as a slave device 22(g),
it will be appreciated that the user interface module 13 can
provide the notification directly to the zone player 11(») that
is to become a member of the synchrony group 20. In that
case, the zone player 11(n) can notify the master device 21
that it is to become a slave device 22(g) in the synchrony
group 20, after which the master device 21 can provide infor-
mation regarding the synchrony group 20, including the
multi-cast and unicast addresses of the audio information
channel device and other information as described above.

Similarly, although the network audio system 10 has been
described such that the master device 21 of a synchrony group
20 can, in response to control information provided thereto by
a user through the user interface module 13, provide a com-
mand to a slave device 22(g) to enable the slave device 22(g)
to adjust its volume, it will be appreciated that the user inter-
face module 13 can provide control information directly to
the slave device 22(g) to enable the slave device 22(g) to
adjust its volume.

In addition, although the network audio system 10 has been
described such that each frames 51(f) is associated with a
frame sequence number (reference field 56, FI1G. 4), it will be
appreciated that, if the packets described above in connection
with Packet Sequence A and Packet Sequence B are provided
with packet sequence numbers, the frame sequence numbers
need not be provided, since the packet sequence numbers can
suffice for defining the frame sequencing.
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Furthermore, although the network audio system 10 has
been described such that the zone players 11(») are provided
with an audio amplifier 35 for amplifying the analog signal
provided by the respective digital to analog converters 33, it
will be appreciated that a zone player may be provided that
does not itself include an audio amplifier. In that case, the
analog signal may be coupled to an external amplifier for
amplification as necessary before being provided to the audio
reproduction device(s) 15(r)(r). It will be appreciated that a
single zone player 11() may be provided with multiple audio
amplifiers and audio reproduction device interfaces, and, if
necessary, multiple digital to analog converters 33, to provide
audio programs for corresponding numbers of synchrony
groups.

Similarly, although the zone players 11(z) have been
described such that they may be connected to one or more
audio information sources, it will be appreciated that an audio
information source may form part of and be integrated into a
zone player 11(r). For example, a zone player may include a
compact disk player, cassette tape player, broadcast radio
receiver, or the like, that has been integrated into it. In addi-
tion, as noted above, an individual zone player 11() may be
connected to multiple audio information sources and may
contemporaneously operate as the audio information channel
device 23 for multiple synchrony groups.

In addition, although FIG. 1 shows the network audio
system 10 as including one user interface module 13, it will be
appreciated that the system 10 may include a plurality of user
interface modules. Each user interface module be useful for
controlling all of the zone players as described above, or
alternatively one or more of the user interface modules may
be useful for controlling selected subsets of the zone players.

Moreover, it will be appreciated that, although the inven-
tionhas been described in connection with audio information,
it will be appreciated that the invention will find utility in
connection with any type of information for which synchrony
among devices connected to a network is desired.

As noted above, while a zone player 11(») is operating as
audio information channel device 23 for a synchrony group
20, when the zone player 11(»)’s audio information source
interface 30 or network communications manager 40 stores
digital audio information frames based on audio information
from an audio information source 14(%)(s) in the audio infor-
mation buffer 31, it will provide time stamps for the respec-
tive frames to schedule them for playback after some time
delay after they have been buffered in the audio information
buffer 31. The delay is provided so that, for other zone players
11(x"), 11(n"), . . . that are operating as members of a syn-
chrony group, there will be sufficient time for the audio and
playback timing information to be transferred over the net-
work 12 to those other zone players 11(»"), 11(n"), . . . so that
it can be processed and played by them at the appropriate time
as described above. The time period that is selected for the
time delay may be fixed or variable, and in either case may be
based on a number of factors. If the time period selected for
the time delay is fixed, it may be based on, for example,
factors such as an estimate of the maximum latency in the
network 12, the estimated maximum loading of the various
components comprising the zone players 11(»), and other
estimates as will be appreciated by those skilled in the art.

The time delay may be the same for audio information from
all types of audio information sources, and may be constant
over the entire period that the synchrony group 20 is playing
an audio work. Alternatively, different time delays may be
utilized based on various criteria. For example, if the audio
information is to be played independently of information
associated with other types of media, the time delay may be
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selected to be relatively long, on the order of a significant
fraction of a second, or longer. On the other hand, if the audio
information is to be played contemporaneously with, for
example, video information, which may be supplied by, for
example, a video disk, video tape cassette, over cable, satel-
lite, or broadcast television, which may not be buffered or
which may be displayed independently of the network audio
system 10, it may be undesirable to provide for such a lengthy
delay, since the time delay of the audio playback, in relation
to the video display, may be noticeable. In that case, the zone
player 11(») may provide for a much shorter time delay. In
one embodiment, the time delay provided for audio informa-
tion to be played concurrently with video information is
selected to be generally on the order of fifty milliseconds,
which would barely, if at all, be perceptible to someone view-
ing the video. Other desirable time delays for information
from other types of sources will be apparent to those skilled in
the art.

As yet a further possibility, the zone player 11(r), when
operating as an audio information channel device 23 for a
synchrony group 20, can dynamically determine the time
delay based on a number of conditions in the network audio
system 10, including, for example, the message transfer
latency in network 12, the loading of microprocessors or
other components that are used in the various zone players
11(n"), 11("), . . . that may comprise a synchrony group 20, as
well as other factors. For example, if the audio information
channel device 23 determines that the latency in the network
12 has increased beyond a selected threshold, the audio infor-
mation channel device 23 can adjust the delay to increase the
likelihood that the members of the synchrony group 20 will be
able to receive the packets and process the frames so that they
will be able to play them at the appropriate times. Similarly, if
the audio information channel device 23 is notified that a
member of the synchrony group 20 to which it provides audio
information requires additional time to receive and process
the frames that it transmits, the audio information channel
device 23 can adjust the delay accordingly. It will be appre-
ciated that, to reduce or minimize possible discontinuities in
the audio playback by the members of the synchrony group,
the audio information channel device 23 can, instead of
adjusting the time delay during a particular audio track, adjust
the time delay between tracks, during silent periods of a track
or otherwise as will be appreciated by those skilled in the art.
In addition, the audio information channel device 23 can use
conventional audio compression methodologies to facilitate a
speeding up and/or slowing down of playback of an audio
track while it is in the process of providing additional time
delay. Generally, the members of the synchrony group 20 can
provide notifications to the audio information channel device
23 if they determine that they will need an additional time
delay, and the audio information channel device 23 can adjust
the time delay in accordance with the notifications from the
members of the synchrony group 20.

It will be appreciated that a system in accordance with the
invention can be constructed in whole or in part from special
purpose hardware or a general purpose computer system, or
any combination thereof, any portion of which may be con-
trolled by a suitable program. Any program may in whole or
in part comprise part of or be stored on the system in a
conventional manner, or it may in whole or in part be provided
in to the system over a network or other mechanism for
transferring information in a conventional manner. In addi-
tion, it will be appreciated that the system may be operated
and/or otherwise controlled by means of information pro-
vided by an operator using operator input elements (not
shown) which may be connected directly to the system or
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which may transfer the information to the system over a
network or other mechanism for transferring information in a
conventional manner.

The foregoing description has been limited to a specific
embodiment of this invention. It will be apparent, however,
that various variations and modifications may be made to the
invention, with the attainment of some or all of the advantages
of the invention. It is the object of the appended claims to
cover these and such other variations and modifications as
come within the true spirit and scope of the invention.

What is claimed as new and desired to be secured by
Letters Patent of the United States is:
1. In a system comprising a plurality of controllers that are
communicatively coupled via at least a local area network
(LAN) with a plurality of zone players including a first zone
player and a second zone player, a method comprising:
receiving, at the first zone player, control information from
any one of the plurality of controllers via the LAN,
wherein the received control information comprises a
direction that instructs the first zone player to enter into
a synchrony group with at least the second zone player;

in response to the direction, the first zone player entering
into the synchrony group with the second zone player,
wherein in the synchrony group, the first and second
zone players are configured to play back audio in syn-
chrony based at least in part on (i) audio content, (ii)
playback timing information associated with the audio
content that is generated by one of the first or second
zone players, and (iii) clock time information for the one
of the first or second zone players, and wherein the
generated playback timing information and the clock
time information are transmitted from the one of the first
or second zone players to the other of the first or second
zone players, wherein the first and second zone players
remain independently clocked while playing back audio
in synchrony; and

transmitting, by the first zone player to at least one of the

plurality of controllers via the LAN, status information,
wherein the status information comprises an indication
of a status of the synchrony group.
2. The method of claim 1, wherein the status information
further comprises one or both of (a) an identification ofa track
currently being played by the synchrony group and (b) an
identification of tracks scheduled to be played by the syn-
chrony group.
3. The method of claim 2, wherein the identification of a
track currently being played by the synchrony group further
comprises a name of the track currently being played by the
synchrony group.
4. The method of claim 2, wherein the identification of the
tracks scheduled to be played by the synchrony group com-
prises a list of names of tracks scheduled to be played by the
synchrony group.
5. The method of claim 1, wherein the status information
further comprises one or both of (a) an identification of a zone
player that is operating as a master device of the synchrony
group and (b) an identification of at least one zone player that
is operating as a slave device of the synchrony group.
6. The method of claim 1, wherein the first zone player
comprises a master device of the synchrony group.
7. The method of claim 1, further comprising:
the first zone player determining whether it is operating as
a master device of the synchrony group, and

wherein transmitting status information to the at least one
ofthe plurality of controllers comprises transmitting the
status information to the at least one of the plurality of
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controllers only while the first zone player is operating
as the master device of the synchrony group.

8. The method of claim 7, further comprising:

receiving audio content via the network; and

while the first zone player is operating as the master device
of the synchrony group, transmitting the received audio
content to at least one zone player that is operating as a
slave device of the synchrony group.

9. The method of claim 1, wherein the first zone player
comprises a device clock configured to generate clock time
information for the first zone player, wherein the second zone
player comprises a device clock configured to generate clock
time information for the second zone player, and wherein the
device clock of the first zone player operates independently of
the device clock of the second zone player.

10. The method of claim 1, wherein the first zone player is
a master zone player of the synchrony group, wherein the
audio content comprises a plurality of frames, wherein the
playback timing information associated with the audio con-
tent comprises a playback time for each frame of the audio
content, and wherein the first zone player is configured to play
back audio in synchrony with the second zone player based at
least in part on (i) the audio content, (ii) playback timing
information associated with the audio content, wherein the
playback timing information is generated by the first zone
player, and (iii) clock time information for the first zone
player, and wherein the generated playback timing informa-
tion and the clock time information are transmitted from the
first zone player to the second zone player; and

wherein the first zone player playing back audio in syn-
chrony comprises, for each frame of the audio content,
the first zone player playing back the frame when the
device clock of the first zone player is the same as the
playback time for the frame.

11. A system comprising:

a plurality of zone players that are communicatively
coupled via at least a local area network (LAN) with a
plurality of controllers, wherein:

each of the plurality of controllers is configured to provide
control information to any one of the plurality of zone
players via the LAN; and

each of the plurality of zone players is configured to (a)
receive control information from any one of the plurality
of controllers via the LAN, wherein the received control
information comprises a direction for the zone player to
enter into a synchrony group with at least one other zone
player of the plurality of zone players, (b) in response to
the direction, enter into the synchrony group with the at
least one other zone player of the plurality of zone play-
ers, wherein in the synchrony group, the zone player and
the at least one other zone player are configured to play
back audio in synchrony based at least in part on (b-1)
audio content, (b-ii) playback timing information asso-
ciated with the audio content, wherein the playback
timing information is generated by and transmitted from
one of the zone player or the at least one other zone
player to the other of the zone player or the at least one
other zone player and (b-iii) clock time information for
the one of the zone player or the at least one other zone
player, wherein the clock time information is generated
by and transmitted from the one of the zone player or the
at least one other zone player to the other of the zone
player or the at least one other zone player, wherein the
zone players in the synchrony group remain indepen-
dently clocked while playing back audio in synchrony,
and (c) transmit status information to at least one of the
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plurality of controllers via the LAN, wherein the status
information comprises an indication of a status of the
synchrony group.

12. The system of claim 11, wherein each of the plurality of
zone players is configured to transmit the status information
while it is configured to operate as a master device of the
synchrony group.

13. The system of claim 11, wherein the status information
further comprises one or both of (a) an identification ofa track
currently being played by the synchrony group and (b) an
identification of tracks scheduled to be played by the syn-
chrony group.

14. The system of claim 11, wherein the status information
further comprises one or both of (a) an identification of a zone
player of the plurality of zone players that is operating as a
master device of the synchrony group and (b) an identification
of at least one zone player of the plurality of zone players that
is operating as a slave device of the synchrony group.

15. The system of claim 11, wherein a device clock of a first
zone player is configured to generate clock time information
for the first zone player, and wherein a device clock of a
second zone player is configured to generate clock time infor-
mation for the second zone player, and wherein the device
clock of the first zone player operates independently from the
device clock of the second zone player.

16. The system of claim 11, wherein the plurality of zone
players comprises a first zone player and a second zone
player, wherein the first zone player is a master zone player of
the synchrony group, wherein the audio content comprises a
plurality of frames, wherein the playback timing information
associated with the audio content comprises a playback time
for each frame of the audio content, and wherein the first zone
player is configured to play back audio in synchrony with the
second zone player based at least in part on (i) the audio
content, (ii) playback timing information associated with the
audio content, wherein the playback timing information is
generated by the first zone player, and (iii) clock time infor-
mation for the first zone player generated by a device clock of
the first zone player, and wherein the generated playback
timing information and the clock time information are trans-
mitted from the first zone player to the second zone player;
and

wherein the first zone player playing back audio in syn-

chrony comprises, for each frame of the audio content,
the first zone player playing back the frame when the
first zone player’s device clock is the same as the play-
back time for the frame; and

wherein the second zone player comprises a device clock,

and wherein the second zone player playing back audio
in synchrony comprises determining a time differential
between the first zone player’s device clock and the
second zone player’s device clock, and for each frame of
the audio content, (i) determining a playout time for the
frame based on (i-a) the playback timing information
received from the first zone player and (i-b) the deter-
mined time differential, and (ii) playing the frame at the
determined playout time.

17. A first zone player comprising:

a network interface configured to interface the first zone

player with at least a local area network (LAN);

a device clock configured to generate clock time informa-

tion for the first zone player;

one or more processors; and

atangible, non-transitory computer-readable memory hav-

ing instructions stored thereon that, when executed by
the one or more processors, cause the first zone player to:
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receive control information from any one of a plurality of
controllers over the LAN via the network interface,
wherein the received control information comprises a
direction for the first zone player to enter into a syn-
chrony group with at least a second zone player;

inresponse to the direction, enter into the synchrony group
with the second zone player, wherein in the synchrony
group, the first and second zone players are configured to
playback audio in synchrony based at least in part on (i)
audio content, (ii) playback timing information associ-
ated with the audio content, wherein the playback timing
information is generated by one of the first or second
zone players, and (iii) clock time information for the one
of the first or second zone players, and wherein the
generated playback timing information and the clock
time information are transmitted from the one of the first
or second zone players to the other of the first or second
zone players, wherein the first and second zone players
remain independently clocked while playing back audio
in synchrony; and

transmit status information to at least one of the plurality of

controllers over the LAN via the network interface,
wherein the status information comprises an indication
of a status of the synchrony group.

18. The first zone player of claim 17, wherein the status
information further comprises one or both of (a) an identifi-
cation of a track currently being played by the synchrony
group and (b) an identification of tracks scheduled to be
played by the synchrony group.

19. The first zone player of claim 18 wherein the identifi-
cation of the track currently being played by the synchrony
group comprises a name of the track currently being played
by the synchrony group.

20. The first zone player of claim 18, wherein the identifi-
cation of the tracks scheduled to be played by the synchrony
group comprises a list of names of tracks scheduled to be
played by the synchrony group.

21. The first zone player of claim 17, wherein the status
information further comprises one or both of (a) an identifi-
cation of a zone player that is operating as a master device of
the synchrony group and (b) an identification of at least one
zone player that is operating as a slave device of the syn-
chrony group.

22. The first zone player of claim 17, wherein the first zone
player comprises a master device of the synchrony group.

23. The first zone player of claim 17, wherein the tangible
computer-readable memory further has instructions stored
thereon that, when executed by the one or more processors,
cause the first zone player to determine whether the first zone
player is operating as a master device of the synchrony group,
and wherein the instructions that cause the first zone player to
transmit status information to the at least one of the plurality
of controllers comprise instructions that cause the first zone
player to transmit status information to the at least one of the
plurality of controllers only while the first zone player is
operating as the master device of the synchrony group.

24. The first zone player of claim 23, wherein the tangible
computer-readable memory further has instructions stored
thereon that, when executed by the one or more processors,
cause the first zone player to:

receive audio content via the network interface; and

while the first zone player is operating as the master device

of the synchrony group, transmit the received audio
content, via the network interface, to at least one zone
player that is operating as a slave device of the syn-
chrony group.
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25. The first zone player of claim 17, wherein the device
clock of the first zone player operates independently of a
device clock of the second zone player.

26. The first zone player of claim 17, wherein the first zone
player is a master zone player of the synchrony group,
wherein the audio content comprises a plurality of frames,
wherein the playback timing information associated with the
audio content comprises a playback time for each frame of the
audio content, and wherein the first zone player is configured
to play back audio in synchrony with the second zone player
based at least in part on (i) the audio content, (ii) playback
timing information associated with the audio content,
wherein the playback timing information is generated by the
first zone player, and (iii) clock time information for the first
zone player, and wherein the generated playback timing
information and the clock time information are transmitted
from the first zone player to the second zone player; and

wherein the first zone player playing back audio in syn-

chrony comprises, for each frame of the audio content,
the first zone player playing back the frame when the
device clock of the first zone player is the same as the
playback time for the frame.
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SYNCHRONOUS NETWORK FOR DIGITAL
MEDIA STREAMS

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional
Application Ser. No. 60/050,933, filed on May 30, 1997,
which is hereby incorporated by reference in its entirety.

I. BACKGROUND OF THE INVENTION

A. Field of the Invention

This invention relates generally to networks of consumer
electronics devices, and in particular to synchronous net-
works optimized for digital media streams.

B. Nature of the Problem—Interconnecting Consumer
Electronics Devices for Distribution of Audio, Video and
other Media/Data, as well as Control Information, Through-
out a Home or other Environment

The holy grail of the “smart home” has long been sought
after, but networking of consumer electronics devices has
yet to rise from hobbyist status. One of the fundamental
obstacles to widespread acceptance of such networks is the
difficulty and expense of interconnecting various types of
consumer electronics and other devices within a single
room, much less throughout an entire home or other
environment, such as a hotel or apartment building, or a car,
boat or recreational vehicle.

Moreover, even when such devices are interconnected,
there remain problems of distributing control information, as
well as audio, video and other types of media/data, in a
sufficiently flexible manner to permit users to switch
sources, record programs, schedule events and perform other
advanced tasks without sacrificing the ease of use provided
by a simple television and remote control.

Today’s home theater systems, for example, quickly
become unwieldy as devices are added (even apart from the
“spaghetti” of cables interconnecting devices), in part
because such devices typically do not all “speak the same
language.” Users are faced with fix unenviable task of
having to “program” or configure their system to perform
even relatively simple tasks, such as turning the system on
and off. Anyone who has tried to explain to a spouse, friend
or babysitter how to use the “universal” remote control (e.g.,
to watch or record a television program or videotape,
laserdisc or satellite broadcast) understands the nature and
complexity of this problem.

With the advent of digital media and services (e.g., audio
CDs, DSS or DVB digital satellite broadcasts and DVD
movies) comes an opportunity to address this problem from
a more general-purpose system or network perspective.
Such a network perspective can be contrasted with existing
home theater and home automation systems which intercon-
nect devices with dedicated media-specific cables (audio and
video cables, speaker wire, etc.,), and provide a separate
control topology (infrared remote controls, X10 control
networks, etc.).

In a digital domain, all information (from audio, video
and other digital media streams to custom commands and
other control information, and even asynchronous network
protocols) can be distributed, processed and controlled using
the “same language”—i.e., the binary language spoken by
virtually all of today’s computer hardware and software,
from dedicated hardware state machines to “smarter” con-
trollers and general purpose CPU-based devices.

The opportunities provided by a network of devices
distributing digital media and control information are enor-
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mous. It is far more difficult and expensive, for example, to
distribute/route analog audio and video streams to devices
throughout a home or other environment, much less process
(e.g. record, mix and otherwise modify) particular informa-
tion along the way, than it is to distribute such information
in a digital environment. Moreover, by providing software
control over individual “samples” of digital media, signifi-
cant new functionality can be added to a system that simply
was not feasible in an analog domain.

For example, users could decide to record a movie after
watching the first 15 minutes, or record a song after hearing
it in its entirety. Playing and recording digital media streams
can be as simple as reading and writing a disk drive, as will
be explained below. Moreover, with a software interface,
users easily could select a variety of programs to be recorded
(e.g., over the course of a week) without having to worry
about switching tapes in the VCR. Additional telephone
lines, or even complex PBX functionality, could be inte-
grated into the system, all under software control for even
greater flexibility. As will become apparent, the possibilities
are virtually endless. The sheer flexibility afforded by digital
media cannot be underestimated.

As discussed below, current systems for interconnecting
consumer electronics and other devices suffer from a variety
of problems, not the least of which is a lack of foresight with
respect to the imminent digital revolution or “convergence.”
These problems include difficult and expensive cabling
schemes, limited network topologies, complex and expen-
sive devices, inadequate media synchronization and a gen-
eral lack of integration between the means for distributing
audio, video and other media, and the means for processing
and controlling the information being distributed.

C. Description of Related Art

1. Home Entertainment Systems and Home
Automation Networks

Current home entertainment systems and home automa-
tion networks illustrate many of the fundamental problems
discussed above. Home theater systems, for example, effec-
tively are limited to a single room in a house, primarily due
to the difficulty and expense of interconnecting devices.

Each source device, such as a satellite receiver, VCR,
laserdisc or DVD player, typically is connected, by rela-
tively expensive audio and video cables, to a “central”
preamplifier or other form of switching device, which is also
connected to a main television/monitor as well as to one or
more power amplifiers, which are in turn connected to
various speakers throughout the room by dedicated (and also
expensive) speaker cables.

Such a cabling scheme is both expensive and difficult to
maintain. Removing a defective VCR from a rack of
equipment, for example, often requires reconnecting cables
in a new configuration just to enable the rest of the system
to function while the VCR is being repaired. Moreover,
flexibility is limited, even with relatively high-end pream-
plifiers. Only a limited number of source devices can be
accommodated by any dedicated device interconnection
scheme. It often is prohibitively expensive to replace a
high-end preamplifier merely because it will not accommo-
date the latest source device added to the system. Users
therefore still may suffer the inconvenience of connecting
and disconnecting cables manually to switch sources.

Moreover, even when all devices can be accommodated,
the functionality of such home theater systems still remains
limited. Recording programs with a VCR, as noted above,
remains a mysteriously unattainable objective. As more
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source devices are added to a home theater system, the
desire to record programs becomes greater, as does the
difficulty of successfully recording a desired program.

Users frequently must change tapes, as well as figure out
how to “program” a remote control to make the preamplifier,
source device and VCR work together to record a program,
particularly if someone is watching another program at the
same time. Few systems even permit more than one program
to be recorded simultaneously.

The difficulty of controlling consumer electronics devices
and systems stems from the fact that most devices are not
designed to interoperate with one another. User interfaces on
universal remote controls are very limited. LCD screens, for
example, rarely are used for more than listing a menu of
commands. They rarely indicate any dynamic status infor-
mation (such as which device is selected, which program is
being recorded, etc.).

Moreover, universal remote control devices are extremely
difficult to operate, and require extensive “programming” to
perform even simple functions, such as turning the system
on and off, which may require a “program” to send multiple
commands—i.e., one to each device. Even switching from
one source to another may require a multiple-command
program—e.g., to switch video input sources on the televi-
sion as well as switch the preamplifier source.

The result is an expensive system that is complex to set
up, use and maintain, even in a single room. Multi-room
systems are even more rare, due to the expense of dedicated
cabling solutions, and the additional inconvenience of dis-
tributing control over devices across rooms. If VCRs, CD
players and other source devices are physically located in
different rooms of a house, the complexity of the “central”
preamplifier, designed for dedicated cabling to all source
and destination devices, becomes unwieldy.

As a result, users improvise by providing redundant
functionality. Multiple preamplifiers, multiple VCRs, and
multiple remote controls (often “programmed” uniquely for
each room) are deployed, not necessarily because multiple
devices are needed at any given time, but primarily because
the alternative is too complex and expensive to be practical.

It is thus not surprising that such systems still are limited
to hobbyists and high-end gadget-oriented users. Current
attempts to address the multi-room problem—i.e., “home
automation and multimedia networks” exhibit a number of
fundamental design flaws. For example, virtually all current
home automation standards (X10, CEBus, Echelon
LONWorks, etc.) emphasize distribution of control
information, as opposed to audio, video and other media.

In other words, such systems distribute analog media on
one network or wiring infrastructure and digital control
information on another separate network. Custom installa-
tion of dedicated audio, video and speaker cables throughout
a home is required, and often is prohibitively expensive and
results in relatively poor quality due to the degradation of
analog signals propagating through multiple devices and
extremely long cable runs. Home power lines (or infrared or
radio frequency broadcast signals) typically are used to form
a separate digital control network onto which remote
control/sensor devices can be connected.

The quality of such home automation networks is far
below audiophile and videophile standards. Analog audio
and video signals simply cannot propagate for long
distances, and through multiple A/D and D/A converters and
other analog processing circuitry, without suffering signifi-
cant degradation in quality. Transmitting multiple audio/
video channels over coaxial cables, power lines or via radio
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frequency (RF) transmissions, degrades the signals
significantly, and results in relatively low-quality audio and
video output. transmissions, degrades the signals
significantly, and results in relatively low-quality audio and
video output.

Although some systems utilize existing unshielded
twisted pair (UTP) telephone wiring to carry analog audio
and video signals, the analog modulation of source audio
and video signals over UTP cables also produces relatively
low-quality audio and video output. Moreover, such systems
still require custom installation of such UTP cabling,
because the parallel nature of existing telephone wiring
topologies (discussed in greater detail below) is not com-
patible with the dedicated cabling schemes discussed above.

As a result, the expense and complexity of such systems
increases exponentially compared with single-room home
theater systems. Although control over devices is improved
(e.g., by a PC or other controller device, operating under
software or firmware control), it is still limited, in essence,
to the raw commands accepted by individual devices (e.g.,
by their remote controls).

Home automation networks, as a result of their separation
of control and media distribution functionality, do not allow
for sufficiently flexible control over streams of audio, video
and other media, except at the most basic level of switching
from one source to another. The result, as noted above, is a
highly complex and expensive system that is difficult to set
up, use and maintain.

Existing home automation networks simply are not poised
to take advantage of the advent of digital media. Such media
continues to be distributed in analog form over a separate
network, distinct from the control network that is the pri-
mary focus of such home automation networks.

2. Local Area Networks and Ethernet

One potential solution to the problems rioted above is to
implement a digital computer-based network of the type
typically found in business environments for interconnect-
ing personal computers, workstations, servers and printers.
Although the recent increase in popularity of the home
computer market has led to a great deal of discussion of
home networks which merge general-purpose computing
functionality with the consumer electronics devices found in
home theaters, the solutions offered thus far do not seem to
have advanced beyond the proposal stage.

Applying local areca network technology (e.g., Ethernet
and TCP/IP network protocols) to consumer electronics
devices raises a number of problems. Although it appears
advantageous to connect consumer electronics devices as
generic nodes on a network, existing network protocols are
far from optimized for real-time streams of digital audio and
video.

Although current “solutions” are vague in nature, they
typically fall into one of two categories. The first is analo-
gous to the home automation networks discussed above, in
which consumer electronics devices are connected via dedi-
cated audio and video cables, and still transmit analog
information along one network, while an Ethernet network,
for example, enables home computers and other control
devices to control the operation of the consumer electronics
devices. The interface between the two networks is unclear,
although the solutions offered by X10 and other home
automation network standards appear to apply equally to this
scenario.

The other alternative implementation is to distribute
audio, video and other real-time media streams in digital
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form. There are a number of obstacles to this scenario,
however, not the least of which is the apparent absence of an
existing physical and logical infrastructure to carry the
digital media streams. Ethernet, for example, is not opti-
mized to carry real-time continuous digital media streams. It
is an asynchronous, packet-based protocol that would add
significant overhead to digital audio and video samples,
which require consistent and timely delivery, as opposed to
the ability to “burst” packets of information at high speeds
on demand.

The direction currently being followed by the computer
industry appears to be focused on one high-speed bus
protocol in particular, which was designed to enable per-
sonal computers to exchange information with peripherals
such as disk drives, digital video camcorders and digital
televisions. This bus protocol, known as “FireWire” (IEEE
1394), was designed more as an information-exchange pro-
tocol (to move data quickly between personal computers and
peripherals) than as a network protocol optimized for dis-
tributing real-time continuous digital media streams among
consumer electronics devices, along with control
information, throughout a home.

Nevertheless, the momentum behind FireWire as an
industry standard suggests that many home computers and
consumer electronics devices soon will have built-in
FireWire ports. What remains unclear is whether FireWire
can solve the interconnection and control problems dis-
cussed above. Following is a brief discussion of FireWire,
and of certain of its shortcomings in the context of a home
network.

3. FireWire

FireWire devices are connected by a custom 6-wire cable,
with two wires for power and two twisted-pairs for data.
Devices can be daisy-chained to allow tree and other acyclic
topologies (i.e., no “loops” are allowed). FireWire devices
have limited “plug and play” and “hot-pluggable” function-
ality. In other words, devices can configure themselves
automatically upon being powered on, and can be attached
and removed from the network without turning off the entire
system. Yet, doing so may interrupt (i.e., “reboot”) the
network, and thus interrupt existing digital media streams, as
the network reinitializes and reconfigures devices.

On startup, the bus configures itself in three phases: bus
initialization tree identification and self-identification.
‘Whenever a new node is connected or disconnected, a signal
sends all nodes into an initialization state, whereupon each
node resets all topological information in a distributed
manner. In other words, each node determines its own
connections and passes this information along to its neigh-
boring nodes, and so on throughout the network. One node
is selected as the “root” node, and a unique physical ID is
assigned to each node (though physical IDs are reassigned
every time the bus is reconfigured).

FireWire employs two different processes, called
“subactions,” for distributing data packets among devices
attached to the bus. One is asynchronous, while the other is
isochronous. As is explained below. FireWire essentially is
an asynchronous bus protocol, in that audio, video and other
data packets are not distributed among devices at fixed
intervals in accordance with a master clock.

Asynchronous subactions begin with an arbitration period
to determine which requesting device is granted control of
the bus (because only one device can transmit at a time). The
winning node transmits certain transaction and other codes
(for speed, format, etc.), along with its address and that of
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destination nodes, and variable-length data. If the packet is
not a broadcast packet, there is a brief gap, followed by an
acknowledgment from the destination node. Asynchronous
subactions are followed by “subaction gaps,” which are
required due to propagation delays.

Isochronous subactions are similar, but have a simpler
arbitration process, a short channel identifier instead of
source and destination addresses, no acknowledgment, and
shorter gaps between subactions. FireWire uses a relatively
slow 8 kHz clock for isochronous transmissions. After all
desired isochronous packets have been sent, the bus resumes
asynchronous subactions.

FireWire devices are half-duplex. Thus, devices con-
nected to two or more nodes cannot propagate incoming data
while transmitting their own data. FireWire devices employ
a “data-strobe encoding” scheme (invented by engineers at
Inmos, Ltd.—see U.S. Pat. No. 5,341,371), which involves
transmitting data on one twisted-pair wire and a strobe
signal on the other pair. The strobe signal transitions when-
ever two consecutive data bits are the same. This technique
was believed to result in increased skew tolerance compared
to a standard clocked format (such as 4B/5B or 8B/10B and
clocked NRZ coding, as explained below in the context of
the present invention).

From the above summary of the characteristics of
FireWire, it is apparent that there are a number of obstacles
to applying FireWire to real-time distribution of digital
media streams among consumer electronics devices, par-
ticularly in light of its essentially asynchronous and half-
duplex nature.

The installation cost of a FireWire network of consumer
electronics devices is likely to be quite high. Custom instal-
lation of FireWire cables is likely to he required throughout
a house, despite the use of twisted-pair cables. No mecha-
nism for compatibility with existing UTP telephone wiring
topologies is included in the FireWire specification.

In addition to the high cost of installing FireWire, the cost
of FireWire devices themselves is likely to be quite high, due
primarily to the asynchronous nature of FireWire. Because
data packets are transmitted asynchronously, devices must
be able to buffer incoming packets and generate timing
information internally (i.e., “timestamps” associated with
the data packets), which must be communicated to other
devices. Moreover, almost double the audio data is required
due to this buffering/timestamping process, resulting in a
significant loss of bandwidth. This results in complex and
expensive devices, due to the memory, buffers, counters and
associated circuitry required to perform such functions.
Even a simple FireWire device requires at least a simple
processor (CPU) and memory to implement the FireWire
protocol stack.

The 8 kHz isochronous cycle simply is too slow for
applications requiring CD-quality (44.1 kHz) audio. Were
FireWire to increase its isochronous cycle frequency to 44.1
kHz, some of these obstacles might be overcome.

The lack of asynchronous time base also results insignifi-
cant clock jitter. The start time of an isochronous packet may
be delayed by an asynchronous packet (due to their variable
length). To account for this possibility, a delay is encoded in
the “cycle start” signal, resulting in clock jitter. Moreover,
additional jitter results from the variable amount of time
between the “cycle start” and the actual start of a specific
device’s subactions, requiring each device to maintain its
own timing register to account for this source of jitter.

There are solutions to these timestamp and clock jitter
problems. Yet, they add significant cost and complexity to

LINKPLAY EXHIBIT 1004
Page 4618 of 4822



US 6,611,537 B1

7

every device attached to a FireWire bus. As a result,
FireWire devices need CPUs just to manage these bus
protocol issues. This could be a significant obstacle to
acceptance of FireWire for anything beyond relatively high-
end computer peripherals and the most expensive consumer
electronics devices, such as HDTV or digital camcorders.

For applications requiring real-time delivery of continu-
ous digital media streams, FireWire has additional problems.
One significant limitation to FireWire is the total length of
the connecting cable, which is limited in the current speci-
fication to 4.5 meters (unless extremely expensive fiber optic
or other alternative cables are used). This short length is a
significant limitation even within a single room used for a
typical home theater system; and is prohibitive in the context
of a house-wide application, such as a home telephone PBX
or multi-room digital audio and video distribution system.

Even if repeaters could be accommodated, such devices
would be relatively expensive, and would contribute to
FireWire’s 64-device limitation. An asynchronous FireWire
router might well become necessary to accommodate addi-
tional devices beyond this limit. Such a route would be
extremely complex, requiring knowledge of data types to
reassemble packets, buffering of variable-length packets,
etc. In addition to being expensive, such a router would
impose variable-length delays, making it extremely difficult,
for example, to synchronize two speakers receiving infor-
mation from a source device via the router. Each speaker
would have to receive and handle timestamps (due to
variable delays from other devices, as well as the router),
and reassemble data packets, just in order to play 44.1 kHz
digital audio samples.

Another problem with FireWire devices in the context of
a network of consumer electronics devices is that no mecha-
nism exists to enable such devices to be truly hot-pluggable.
The FireWire bus will reset whenever a device is added or
removed, resulting in an interruption (however short) to all
existing data streams. The FireWire specification contains
no provision for a router or other device to isolate a
particular device or chain of devices from the rest of the
network, such that the Fire Wire bus need not reset, and thus
disrupt, the entire network when a device is added to or
removed from this isolated network segment or zone.

The lack of static device IDs also creates problems. Each
device must update its topology table whenever the bus is
reinitialized e.g., whenever a new device is added or
removed, or a device malfunctions. No device therefore can
rely on these device IDs remaining constant.

As will become apparent below, certain of the techniques
employed in the present invention could be adapted to
FireWire buses and associated FireWire peripherals. For
example, FireWire peripherals could be adapted for use as a
node on a network of the present invention. Moreover,
certain of the disadvantages of FireWire noted above could
be overcome to some extent by adopting and/or combining
with particular aspects of FireWire certain of the techniques
discussed below.

For example, static device IDs could be employed to
simplify device identification and addressing, as well as the
self-configuration process—because a device’s presence
could be detected via its static ID. Static IDs also would
facilitate the implementation of copy protection, fraud
detection and other features that rely on the identification of
particular devices. In addition, device-specific information
could be stored along with the device ID, such as pointers to
external device drivers (as discussed below).

Nevertheless, FireWire remains essentially an asynchro-
nous bus protocol. It simply is not optimized for distributing
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real-time continuous digital media streams among consumer
electronics devices in a network environment. It was
designed as a computer peripheral bus, for exchanging data
(asynchronously) between computers and peripherals, such
as disk drives and digital camcorders.

4. Synchronous Networks and Ring Networks

Unlike FireWire, a truly synchronous network could
overcome many of the limitations discussed above. Yet,
synchronous network protocols (as discussed below) have
not been optimized or adapted for use with consumer
electronics devices to enable the distribution of digital media
streams in a manner that overcomes the limitations noted
above.

TDMA networks, for example, utilize time-division
multiplexing, and synchronize all devices to a master clock.
Yet, the bandwidth on a TDMA network typically is divided
equally among the devices on the network. In other words,
if 10 devices are on the network, each device gets Yioth the
network bandwidth, and thus can transmit information only
during that channel or “time slice” (e.g., during unit 1 of
every 10 units of time).

In the context of transmitting digital media streams,
however, certain data streams require more bandwidth than
others. Video data, for example, requires more data than
audio, though it is sampled less frequently. Yet, TDMA
networks assign each device a single channel in which to
transmit all of its data. These channels are based simply on
the number of devices on the network, and bear no relation-
ship to the bandwidth requirements of the type of data being
transmitted. This problem is exacerbated when asynchro-
nously distributed variable bit-rate data, such as MPEG2
compressed video, must also be accommodated. TDMA
network technology provides no solution to either of these
problems. TDMA devices are left with a single fixed-width
channel which is not well suited for accommodating either
multiple real-time continuous data types having differing
bandwidth requirements, or an asynchronous data type hav-
ing bandwidth requirements that vary over time.

Even in the context of a ring network, in which data
propagates from one device to another around a loop oaring
(and is overwritten when a device desires to insert its own
data), a device on a TDMA network could transmit infor-
mation (such as a digital audio sample) anytime during its
assigned time slice. Moreover, that time slice might charge
whenever a new device is added to or removed from the
network. Thus, a device cannot guarantee consistent deliv-
ery of particular data, despite the synchronous nature of
TDMA.

Ring networks, however, appear to be good candidates for
consistently delivering particular data (e.g., a digital audio
stream) from one device to another (e.g., from a CD player
to a speaker), assuming that such information propagates
around the ring at a consistent rate (e.g., synchronously,
based upon a master clock). Yet, existing ring networks
suffer from many of the same deficiencies discussed above.

Token Ring networks, for example, are asynchronous in
nature. Each device transmits data only when it receives the
“token,” which does not occur at fixed intervals of time.
Thus, such networks cannot guarantee consistent delivery of
real-time continuous digital media streams.

FDDI networks on the surface appear to be synchronous
ring networks; yet, they transmit information synchronously
only in a point-to-point manner. In other words, the trans-
mitter on one device is synchronized to the receiver on the
next device on the ring. Yet, the transmitter and receiver
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within a device are not synchronized to each other. Infor-
mation therefore will not always propagate through a device
at a consistent rate, due to the difference between the
transmit and receive oscillators within a device, among other
factors.

FDDI devices compensate for this difference with an
“elasticity buffer” which avoids losing data, but does not
guarantee consistent delivery of data. For example, if a
device receives data “late,” it will transmit that data late. If
it receives data “early,” it will place that data in its elasticity
buffer, and transmit such data in a FIFO fashion.

Thus, FDDI devices also cannot guarantee consistent
delivery of data such as real-time continuous digital media
streams. They are optimized for high throughput, but not for
consistent, synchronous delivery of data.

D. Resolving the Problem

The above description of home theater systems and home
automation networks, and of various existing asynchronous
and synchronous network protocols, illustrates many of the
obstacles to interconnecting consumer electronics devices
for distribution of audio, video and other media (including
both real-time continuous digital media streams and asyn-
chronous data), as well as control information, throughout a
home or other environment. It also serves to explain why the
“smart home” has remained such an elusive goal.

Problems such as those discussed above must be resolved
before home networks can achieve widespread acceptance.
What is needed is a low-cost physical network topology,
preferably one that is compatible with the existing physical
cabling infrastructure in a home, to avoid the significant
barrier to entry of having to rewire an entire home merely to
set up a simple network consisting of a few devices. Such a
topology should enable devices to be interconnected with
relative ease, as contrasted with the difficulty and expense of
interconnecting audio and video and other consumer elec-
tronics devices within and across rooms of a home using
available technologies.

Such a network also should be compatible with existing
consumer electronics devices, again to avoid the significant
barrier to entry of having to replace all existing devices
merely to set up a simple network consisting of a few
devices. Moreover, such adapters and other devices prefer-
ably should be relatively inexpensive (at least no more
expensive than comparable existing devices) in order to
encourage consumers to adopt this new technology.

The network should accommodate real-time continuous
digital media streams, as well as asynchronous data (and
digitize existing analog audio and video) in order to provide
the significant benefits and flexibility noted above. To do so,
the network must deliver such digital media streams reliably,
in order to provide the same level of synchronization as is
currently provided by existing analog delivery mechanisms.

II. SUMMARY OF THE INVENTION

To achieve these objectives, one embodiment of the
present invention provides a protocol and architecture for a
synchronous logical ring network which operates on the
existing physical twisted-pair telephone topologies found in
most homes today (forming a “logical” ring without requir-
ing in-wall wiring modifications). The logical ring network
can even replace the existing analog telephone network in
the home. It can accommodate daisy-chained network
devices which, because they need not be connected to a
junction box in the wall, require neither in-wall nor junction-
box wiring modifications. Moreover, virtually any physical
topology (star, loop, tree, etc.) throughout a home, office or
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other environment can be converted, with minor junction-
box wiring modifications, into a logical ring network of the
present invention.

Information can propagate around this logical ring, reach-
ing every device on each revolution around the network.
Network devices are full-duplex, transmitting and receiving
information simultaneously.

An arbitration process occurs automatically upon network
initialization, and one of the competing devices is elected the
network clock device to which all other devices are then
synchronized. By synchronizing all network devices to a
single reference clock, and providing fixed frames of infor-
mation propagating around the network at consistent time
intervals (44.1 kHz “frame rates” in one embodiment, to
enable device synchronization to the CD audio sample rate),
the logical ring network ensures that information always will
propagate from one device to another at consistent time
intervals. In other words, information will propagate con-
sistently around the logical ring network at the frame rate;
and the time required for information to propagate between
any two particular devices will remain fixed.

Following network initialization (and whenever devices
are added or removed), an auto-configuration process con-
figures each network device and determines the network
topology. The entire network topology is discerned and
made available to interested devices, even though individual
devices need not be capable of interpreting such informa-
tion. Devices can be added and removed in true “plug and
play” fashion, and will be hot-pluggable if connected any-
where on a chain of devices attached to a “hot-pluggable
smart jack” device.

Most network devices are relatively “dumb” and
inexpensive, in that they require only simple hardware state
machines to accommodate the basic network protocol, and
to transmit and/or receive digital media streams. Network
devices have unique static device IDs, which simplify
device identification and addressing, as well as network
initialization, and form the basis for encryption to provide
network security, authentication and/or copy protection
functionality. Devices also can contain other device-specific
information, including device drivers (or pointers to external
device drivers) that can be executed on their behalf by
“smart” CPU-based controllers.

In addition to accommodating adapters that connect exist-
ing consumer electronics devices to a logical ring network of
the present invention, the network architecture accommo-
dates new “restructured” digital-ready devices that redistrib-
ute existing device functionality across the network. For
example, by removing MPEG?2 decoders from DVD players,
the compressed digital information can be distributed/
processed throughout the logical ring network before reach-
ing its ultimate destination (e.g., a television attached to or
incorporating an MPEG?2 decoder).

Information propagates along the logical ring network in
fixed-length frames which, in one embodiment, comprise
640 bits of encoded data, transmitted at a raw bit rate of
28.224 MHz. In addition to “frame header” markers that
synchronize devices to a master clock, these frames contain
two independent streams—a “data stream” for the distribu-
tion of real-time continuous digital media streams, as well as
asynchronous data, and a “system command stream” for the
distribution of “system commands,” which are used prima-
rily for network initialization and auto-configuration of
network devices, as well as basic switching of digital media
streams. The system command stream propagates along a
“default network path” that reaches every network device.
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The data stream, however, can propagate along any available
path, to provide for greater overall network bandwidth (e.g.,
by adding a switching router device to the network to create
alternative data stream paths).

The data stream is divided into distinct “channels” (the
size of each channel being tailored to the bandwidth and
sample-rate requirements of a particular media type) which
operate by default, and can be reallocated dynamically (in
some cases even occupying discontiguous portions of the
data stream). In this manner, devices can reliably guarantee
consistent delivery of data (e.g., audio samples at the stan-
dard CD audio 44.1 kHz rate) having particular bandwidth
requirements. Thus, two speakers on the network will
receive left and right channel digital audio, respectively, at
the “same time” (i.c., within one sample time of accuracy),
and thus be synchronized to each other (i.c., phase coherent),
even if the source device is physically located in another
room and/or zone of the network). Phase coherency is a
critical factor in high-quality stereo audio systems, as well
as multi-channel surround sound systems, such as Dolby
AC-3.

The data stream also can contain embedded control infor-
mation and other asynchronous data, including compressed
MPFEG?2 video and other variable hit-rate data, as well as
asynchronous network protocols, such as I°C, RS232 serial
protocols and TCP/IP. Such information is delivered
synchronously, however, thereby avoiding collisions. Net-
work devices also can utilize channels of the data stream to
send custom commands to one another, including control
information, pursuant to virtually any protocol known to
such devices.

III. BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objectives, aspects, and advan-
tages will be better understood from the following detailed
description of embodiments of the present invention with
reference to the following drawings:

FIG. 1 is a system diagram illustrating a typical configu-
ration of consumer electronics devices connected to a logical
ring network of the present invention.

FIG. 2(a) is a system diagram illustrating a standard
physical topology for an analog telephone network in a
typical home environment.

FIG. 2(b) is a system diagram illustrating a standard
physical star topology for a data and/or voice network in a
typical home environment.

FIG. 2(c) is a system diagram illustrating the transforma-
tion of a standard physical topology for an analog telephone
network into a logical ring network of the present invention.

FIG. 2(d) is a system diagram illustrating the transforma-
tion of a standard physical star topology for a data and/or
voice network into a logical ring network of the present
invention.

FIG. 3 is a wiring diagram illustrating standard
unshielded twisted-pair telephone cables connected in par-
allel at a junction box in a typical home environment.

FIG. 4(a) is a wiring diagram illustrating a replacement
junction box converting arbitrary physical topologies of
standard unshielded twisted-pair telephone cables into a
logical ring network of the present invention.

FIG. 4(b) is a wiring diagram illustrating generic wiring
of a replacement junction box for converting arbitrary
physical topologies into a logical ring network of the present
invention.

FIG. 5(a) is a diagram illustrating the interconnection of
a standard telephone connector and a jack of a replacement
junction box on a logical ring network of the present
invention.
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FIGS. 5(b) and 5(c) are diagrams illustrating a switchable
replacement junction box with jacks for both a standard
analog telephone network and a logical ring network of the
present invention.

FIG. 6 is a diagram illustrating the integration of phantom
power from a standard internal transformer into a jack of a
replacement junction box on a logical ring network of the
present invention.

FIG. 7 is a system diagram illustrating the default network
path of a logical ring network of the present invention.

FIG. 8 is a state diagram illustrating network initialization
and auto-configuration of a synchronous logical ring net-
work of the present invention.

FIG. 9 is a block diagram illustrating various interfaces to
an ASIC embodiment of a core network adapter for con-
necting devices to a synchronous logical ring network of the
present invention.

FIG. 10 is a block diagram illustrating major functional
components of a core network adapter for connecting
devices to a synchronous logical ring network of the present
invention.

FIG. 11 is a block diagram of a receiver component of a
transceiver in a core network adapter for connecting devices
to a synchronous logical ring network of the present inven-
tion.

FIG. 12 is a block diagram of a transmitter component of
a transceiver in a core network adapter for connecting
devices to a synchronous logical ring network of the present
invention.

FIG. 13(a) is a block diagram of a clock processing and
synchronization component of a transceiver in a core net-
work adapter for connecting devices to a synchronous
logical ring network of the present invention.

FIG. 13(b) is a detailed block diagram of particular
synchronization portions of a clock processing and synchro-
nization component of a transceiver in a core network
adapter for connecting devices to a synchronous logical ring
network of the present invention.

FIG. 14(a) is a block diagram illustrating a system com-
mand stream processing component in a core network
adapter for connecting devices to a synchronous logical ring
network of the present invention.

FIG. 14(b) is a flowchart illustrating the operation of a
basic system command processor state machine of a core
network adapter for connecting devices to a synchronous
logical ring network of the present invention.

FIG. 15 is a block diagram illustrating a data stream
processing component in a core network adapter for con-
necting devices to a synchronous logical ring network of the
present invention.

FIG. 16 is a black diagram of a hot-pluggable smart jack
device into which other network devices can be connected
and disconnected without requiring complete reinitialization
of a synchronous logical ring network of the present inven-
tion.

FIG. 17 is a block diagram illustrating a multi-zone router
for connecting distinct arms of a synchronous logical ring
network of the present invention.

FIG. 18 is a system diagram illustrating the interconnec-
tion of multiple multi-zone routers for connecting distinct
arms of a synchronous logical ring network of the present
invention.

FIGS. 19(q)—(d) are schematic diagrams illustrating
single, dual, bidirectional and dual-bidirectional transmis-
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sion and receive drivers, respectively, of devices on a logical
ring network of the present invention.

FIG. 19(e) is a schematic diagram of a device adapter for
enabling devices having only unidirectional transmission
and receive drivers to coexist with devices having bidirec-
tional transmission and receive drivers on a logical ring
network of the present invention.

FIG. 20 is a system diagram illustrating the interconnec-
tion of devices having 5-level, dual and bidirectional trans-
mission and receive drivers on a logical ring network of the
present invention.

FIGS. 21(a)-21(y) are block diagrams illustrating key
components of various network devices on a synchronous
logical ring network of the present invention.

FIG. 22 is a block diagram illustrating a mass storage
server device on a synchronous logical ring network of the
present invention.

FIG. 23 is a block diagram illustrating a remote control/
monitor human interface device on a synchronous logical
ring network of the present invention.

IV. DETAILED DESCRIPTION

A. High-ILevel System Configuration

Illustrated in FIG. 1 is atypical system-level configuration
of consumer electronics devices connected to a logical ring
network 120 of the present invention throughout a typical
home 100, having family room 102, kitchen 104, utility
room 105, bedroom 106, hallway 108, den 110 and attic 112.

It should be noted that the present invention can be
implemented with devices other than consumer electronics
devices (e.g., business, industrial, professional and other
devices) and in environments other than a home (e.g., office,
hotel, apartment building, car, boat, recreational vehicle,
etc.). The particular environment or application may result
in a significantly different configuration than that illustrated
in FIG. 1. The advantages of the present invention described
below with reference to a network of consumer electronics
devices in a home also apply to these other environments
and applications.

It should be further noted that a logical ring network can
be formed merely by connecting two network devices
together with a standard RJ-11 telephone cable (as well as
with standard or slightly modified RJ-11, RJ-12, RJ-45 or
other connectors in other embodiments, as discussed below).
More devices can be added to the network by daisy-chaining
them directly to one of these two devices, or connecting
them to a junction box (for distribution throughout home
100), as will be discussed in greater detail below. All devices
and/or components illustrated in FIG. 1 are shown attached
to logical ring network 120 in a daisy-chain fashion (either
within a room or behind the walls via a junction box of house
100). The actual physical topology of logical ring network
120, and the manner in which devices are interconnected,
will be discussed in greater detail below.

Broadcast FM audio is received by FM Tuner 130, where
it is digitized and transmitted onto logical ring network 120.
Broadcast MPEG?2 audio/video information is received by
DSS Tuner 140. Because such MPEG?2 information already
is in digital form and compressed, it can be transmitted
directly onto logical ring network 120. As will be explained
below for one embodiment, the MPEG?2 decoding will occur
only after such information leaves logical ring network 120
(e.g., it a television where the information will be decoded
and decompressed for viewing).

In addition to these two broadcast audio/video sources,
other source devices include CD/DVD players 150 (in room
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102) and 160 (in room 106), as well as Multimedia PC 170
(in room 110) and Multimedia Telephone 180 (in room 104).
Information transmitted by these source devices propagates
around logical ring network 120 and can be received by any
appropriate destination device, as will be described in
greater detail below.

For example, an MPEG?2 movie, received by DSS Tuner
140 or played at CD/DVD player 150 or 160, could be
displayed on small television 165 and/or large television 155
(after being decoded by MPEG2 decoders 161 and 151,
respectively). The audio extracted by MPEG2 decoder 161
could be transmitted back onto logical ring network 120 and
played by left 167 and right 168 amplifier/speakers. The
audio extracted by MPEG2 decoder 151 could be transmit-
ted back onto logical ring network 120, processed by DSP
(e.g., AC-3 surround sound decoder) 152, and then trans-
mitted back onto logical ring network 120 and played by
surround sound amplifier/speakers 153, 154, 156, 157 and
158. The systems in rooms 106 and 102 could be controlled
by respective remote control/interface/monitor devices 190
and 195 (which could range from simple remote controls to
complex controllers with large LLCD screens capable of
viewing computer graphics images, MPEG2 video, etc.).

As will be discussed below, virtually any information
obtained or generated by one network device can be dis-
tributed “simultaneously” (i.c., within the same digital
sample, appropriate to the media type) to any other network
device, merely because such devices are connected to logical
ring network 120. For example, server 185 in utility room
105 might be recording various digital audio/video
programs/channels previously selected by a family member.
Upon request, such information could be transmitted along
logical ring network 120 for immediate viewing, or saved
for later viewing (e.g., to avoid being overwritten as new
programs are recorded). Targeted information, e.g., local
advertisements, could even be added to such saved programs
(perhaps replacing national advertisements), as could mate-
rial tailored to any particular “target group” (e.g., middle-
class suburban homeowners), or even an individual viewer
or family.

Multimedia PC 170 could be used to control devices on
logical ring network 120, as well as to transmit and receive
digital media to/from other network devices. For example, a
family member in room 102 might use control device 195 to
control/display PC graphics on the screen of device 195.
Multimedia telephone 180 could be a digital telephone,
capable of accessing the legacy analog telephone network
via POTS adapter 186. Such devices could have built-in
PBX functionality, or could provide such functionality via
general-purpose DSP device 187.

As can be seen from this relatively simple example,
logical ring network 120 provides a great deal of flexibility.
Not only can any network device distribute real-time con-
tinuous digital media streams (and possibly asynchronous
data) to any other network device, but such devices
(including legacy devices connected via an adapter, as well
as new “digital-ready” devices) can exhibit functionality not
feasible with existing technologies, such as recording pro-
grams already in progress in their entirety.

It is significant to note that network devices need not be
complex or expensive to perform basic functions such as
communicating with the network and transmitting and
receiving digital media streams. Yet, by adding devices of
greater complexity, particularly CPU-based devices con-
trolled by software or firmware, the possibilities are virtually
endless (as will be discussed below).
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B. Synchronous Logical Ring Network

1. Transforming Arbitrary Physical Topologies into a
Logical Ring Network

a) Creating a Default Network Path on a Logical Ring
Network

With reference now to FIG. 2(a), a typical house plan
200q is presented, with rooms 202a, 204a, 206x, 2084, 210a
and 212a. Standard unshielded twisted pair telephone wiring
segments 232a, 234a, 236a, 238a, 240a, 242s, 244a, and
246a interconnect the telephone network 2144 and junction
boxes 216a and 218a in room 202a, 220a and 2224 in room
204a, 2244 in room 2064, 226a in room 208a, 2284 in room
210a, and 2304 in room 212(a). The wiring forms a three-
pronged star or T-junction node at junction box 218a, a
four-pronged star or node at junction box 226a, as well as
terminator or end nodes at junction boxes 222a, 224a, 228a
and 230a (and at junction box 216a once the network is
formed), and a “middle” node at junction box 220a.

Because standard residential telephone infrastructure
requires junction boxes to be connected in parallel via only
a single pair of unshielded twisted pair wiring, the actual
physical topology in typical homes may well include many
of these multiple-pronged junction boxes. This technique
simplifies the task of wiring junction boxes together, One
need merely run one pair from a given junction box to
another nearby junction box. Typically, however (as a his-
torical by-product of the advent of lighted “Princess”
telephones), most homes have at least two pairs run in
tandem to each junction box.

As will be illustrated below, a logical ring network can be
formed using existing “in-wall” telephone wiring segments
234a,236a, 238a, 240a, 242a, 244a, and 246a. This logical
ring network can be formed from the arbitrary physical
topologies found in standard telephone networks merely by
modifying the wiring connections at the junction boxes, as
will be discussed below. In typical homes, it will not be
necessary to incur the potentially significant additional
expense of running pairs among junction boxes behind the
walls.

Newer homes, or homes that have been retrofitted via
custom “in-wall” wiring, may well have an even more
flexible physical topology such as the “star” configuration
shown in FIG. 2(b). Each junction box 216b, 218b, 220b,
222b, 224b, 226b, and 228b is wired as a “home run” back
to a central location, i.e., junction box 230b. As will be
discussed in greater detail below, this physical star topology
greatly simplifies the subsequent addition of a switching
router device to the logical ring network to increase overall
network bandwidth by segmenting the logical ring network
into multiple zones or network “arms.”

Moreover, the wires themselves may be of a different type
from standard residential unshielded telephone wiring. Cat-
egory 3 or Category 5 unshielded twisted pair wiring, or
even coaxial or fiber optic cable, may be installed in order
to support higher-speed signal propagation, and thus provide
increased cable lengths and/or network bandwidth. As will
become apparent, the logical ring network of the present
invention can support virtually any transmission media,
including wireless configurations.

It also should be noted that, in many star topologies, 4
twisted pairs are used (instead of 2 pairs) for Ethernet and
similar networks. Ethernet, for example, uses only 2 of those
4 pairs, leaving the remaining 2 pairs free. One could, for
example, dedicate 2 of those pairs to an existing Ethernet
network, and utilize the remaining 2 pairs for the logical ring
network of the present invention. As will be discussed
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below, one also can utilize the logical ring network of the
present invention to support higher-level protocols, includ-
ing TCP/IP, RS232, etc. Other variations are possible, of
course, depending upon the number of pairs available. A
logical ring network can even be formed using a single pair
of wires, in a particular configuration discussed below. For
simplicity, however, the following discussion of modifica-
tions to physical star topologies will reference the more
typical 2-pair embodiment of a logical ring network, recog-
nizing that additional pairs could be utilized for other
purposes.

A logical ring network also can be formed from this
physical star topology by modifying the wiring connections
among “in-wall” wiring segments 234b, 236b, 238b, 240b,
242b, 244b, and 246b (cach multiple-pair wiring segment
represented by a single line) at junction boxes 2165, 218b,
220b, 222b, 224b, 226b, 228b and 230b.

As will be illustrated below, regardless of the network’s
physical topology, a single path can be created, referred to
herein as the “default network path,” which traverses each
network device in a consistent order on the logical ring.
Although signals travelling along this default network path
may encounter a junction box and/or device multiple times
per “revolution,” network devices typically will be con-
nected such that they process signals exactly once per
“revolution,” as is illustrated in FIG. 2(c), for example, by
junction box 226c¢ and device 268c (at junction box 222c¢).

As will be explained in greater detail below, network
devices on a logical ring network of the present invention are
synchronized to one another; and each imposes a constant
amount of delay (differing from device to device) to process
signals. Given that signals travelling along the default net-
work path encounter each network device exactly once per
“revolution” around the entire logical ring network, the
signal propagation time around the logical ring network
along this default network path (and between any two
particular devices along the way) remains constant. As a
result, network devices are afforded a fixed amount of total
network bandwidth for sending and receiving information
along this default network path. Various means of increasing
network bandwidth will be discussed in greater detail below.

b) Connecting Network Devices to a Logical Ring Net-
work

FIG. 2(¢) illustrates how network devices are connected at
the junction boxes of logical ring network 250c. Devices
252¢,254¢,256¢,258¢, 260c, 262c,264c¢,266¢ and 268c¢ are
connected, respectively, to junction boxes 216c¢, 224¢, 226¢,
230c, 226c (again), 228c, 218¢, 220c and 222c, via jacks
269-1c, 269-2¢, 269-3c, 269-4c, 269-5¢c, 269-6¢, 269-7c,
269-8c, and 269-9c. In addition, device 270c is “daisy-
chained” to device 268c.

Each device receives information on one “incoming” pair
of wires and transmits information on one “outgoing” pair of
wires. Typically, devices will have at least two jacks (not
shown) to enable them to be daisy-chained together, e.g.,
within a room of a house. In such cases, as is illustrated by
devices 268c¢ and 270c, the two jacks can be wired together
such that information traveling through junction box 269—9¢
may be received by device 268c via a first of its two jacks,
processed by device 268¢ and transmitted via its other jack
to daisy-chained device 270c, where it eventually will
“loop” back to device 268c via that other jack after being
processed by device 270c¢, and finally “loop” back to junc-
tion box 269-9c¢ via the first jack of device 268c.

As noted above, one can create a logical ring network (as
well as extend an existing logical ring network) merely by
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daisy-chaining devices to one another, without connecting
any devices to a junction box, and thus obviating the need
to perform any wiring modifications. To extend the logical
ring network to another room of a house, for example, one
could daisy-chain RJ-11 cables between the rooms. Even if
this were not practical, one would only need to modify the
wiring at a single junction box in each room to connect the
rooms. Thus, a logical ring network can be extended gradu-
ally throughout a house to add new devices as the need
arises.

In the embodiment illustrated in FIG. 2(c¢), network
devices each contain only a single unidirectional transceiver
(shown as a single pair of receiver/transmitter triangles
pointing in the same direction). As a result, each network
device is capable of transmitting and receiving information
only along a single path. Thus, signals propagate only along
the default network path 205c¢ (discussed in greater detail
below).

Starting, for example, at device 252¢, information would
be transmitted along one pair of wiring segments 234c, 240c
and 242c¢ to device 254c¢, and then along the other pair of
segment 242¢ to device 256c¢, along one pair of segment
246¢ to device 258c, and then along the other pair of
segment 246c¢ to device 260c, along one pair of segment
244c¢ to device 262c¢, and then along the other pair of
segments 244c¢ and 240c to device 264c, then along one pair
of segment 236¢ to device 266¢, then along one pair of
segment 238¢ to device 268c, and then to daisy-chained
device 270c where it would pass back through device 268¢
and finally return to device 252c¢ along the other pair of
segments 238c, 236¢ and 234c.

It should be noted that, in another embodiment, any
wiring segment between two devices could be replaced with
a unidirectional and/or bidirectional wireless link (RF,
infrared, etc.). For example, by employing wireless trans-
ceivers at the two endpoints of a chain of devices having
unidirectional transceivers, a logical ring network could be
constructed with only a single pair of wires, with the
wireless link serving as the “return path” to complete the
default network path.

Contemplating that logical ring network 250c would be
created from an existing plain old telephone system
(“POTS”) network, it can be seen that the connection with
the outside telephone network through line 232c¢ is severed.
As will be discussed below, this connection could be rees-
tablished (now with a logical ring network instead of a
POTS network) via an analog telephone adapter device
having the necessary circuitry to interface to both a POTS
network and a logical ring network.

Alternatively, as is discussed below, one could configure
the entire network with the capability of switching between
the analog telephone network and the logical ring network,
or simply use one pair for the analog telephone network and
the other pair for the logical ring network. In such a
configuration, however (as explained below), in order to
complete the default network path of the logical ring net-
work along that single pair, either that single pair would
have to form a physical loop, or the devices would require
bidirectional transceivers (also discussed below). Other
combinations are possible, particularly if additional pairs are
made available (as can be understood by one of ordinary
skill in the art).

FIG. 2 (d) illustrates the analogous connectivity of
devices to a logical ring network 250d having a physical star
topology (showing the two pairs used by the logical ring
network). Devices 252d, 254d, 256d, 258d, 260d, 262d,
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264d,266d and 268d are connected, respectively, to junction
boxes 216d, 224d, 226d, 230d, 226d (again), 2284, 218d,
220d and 222d, via jacks 269-1d, 269-2d, 269-3d, 269-4d,
269-5d, 269-6d, 269-7d, 269-8d, and 269-9d. In addition,
device 2704 is daisy-chained to device 268d.

In this embodiment, as in FIG. 2(c), network devices
252d, 254d, 256d, 258d, 260d, 262d, 264d, 266d, 268d and
270d each contain only a single unidirectional transceiver.
Thus, information propagates only along the default network
path (not separately identified, but described below).

Starting, for example, at device 258d, connected at junc-
tion box 230d, information would be transmitted along one
pair of wiring segment 238d to device 268d and daisy-
chained device 270d (via junction box 222d), and back
“home” (to junction box 230d) along the other pair of
segment 238d, and next along one pair of wiring segment
236d to device 266d (via junction box 220d) and back
“home” (to junction box 230d) along the other pair of
segment 236d, and next along one pair of wiring segment
244d to device 262d (via junction box 228d) and back
“home” (to junction box 230d) along the other pair of
segment 244d, and next along one pair of wiring segment
246d to devices 260d and 256d (via junction box 226d) and
back “home” (to junction box 2304d) along the other pair of
segment 246d, and next along one pair of wiring segment
242d to device 254d (via junction box 224d) and back
“home” (to junction box 230d) along the other pair of
segment 242d, and next along one pair of wiring segment
240d to device 264d (via junction box 218d) and back
“home” (to junction box 230d) along the other pair of
segment 240d, and finally along one pair of wiring segment
234d to device 252d (via junction box 216d) and back
“home” (to junction box 230d) along the other pair of
segment 234d, where it completes the default network path
and returns to original device 258d.

It should be noted that, using standard unshielded twisted
pair wiring, whether in a star or other physical topology, the
total distance between network devices along the default
network path may have a practical limitation due to signal
attenuation. This limitation will depend on the quality of the
wire. Standard “silver satin” wire, for example, may be
limited to approximately 100 feet, whereas Category 5 wire
may perform reliably with runs in excess of 300 feet. Should
this problem arise, devices that act as repeaters, to amplify
the signal, can be added to the logical ring network.

¢) Modifying Physical Parallel Wiring Connections to
Form a Physical Loop via Replacement Junction Boxes

As noted above, unless one limits a logical ring network
to devices that are directly daisy-chained to one another,
certain physical wiring modifications may well be required
at the junction boxes (including jacks) at which network
devices will be connected. Such wiring modifications in
essence transform arbitrary physical topologies of existing
residential telephone networks into a logical ring network of
the present invention.

Unlike the physical parallel bus topology of a standard
residential telephone network, illustrated in FIG. 3, a logical
ring network requires the creation of a physical loop—i.e.,
a closed physical path. This physical loop can be created by
daisy-chaining the two-pair wiring segments, including
jacks, connected at a junction box (i.e., connecting one pair
of cach segment to a pair of another segment) until a
physical loop is formed, as is illustrated in FIG. 4(a)
discussed below.

Although this physical loop (and thus a logical ring
network) can be formed using a single pair of wires, such a
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configuration requires that devices remain connected
together directly to maintain this physical loop. If one device
is removed from the physical loop, for example, the two
devices to which it is connected must be connected to each
other directly to reestablish the physical loop. This one-pair
configuration therefore does not afford the same level of
flexibility discussed below with respect to a two-pair
configuration, in which virtually any physical network
topology can be converted into a logical ring network via
minor junction-box wiring modifications which create a
physical loop. Moreover, as will be discussed below,
“jumper wires” connecting the two pairs of wires within the
jacks (at junction boxes and within devices themselves) of
such a logical ring network maintain this physical loop
regardless of whether other devices are inserted into these
jacks.

The more flexible star configuration illustrated in FIG.
2(b) also requires similar wiring modifications. “Hub” junc-
tion box 2305, where many multiple-pair “in-wall” wiring
segments come together, will of course have many more
wiring connections than the remaining “spoke” junction
boxes, each of which is connected only to one multiple-pair
“in-wall” wiring segment. These wiring modifications are
illustrated in FIGS. 4(a), 4(b) and 5(a) below.

To better illustrate these wiring modifications, consider
typical junction box wiring for the physical parallel bus
topology of a standard residential telephone network. This
junction box wiring is illustrated in FIG. 3 by means of a
typical junction box 300 having four sets of twisted pair
wires 302, 304, 306, and 308, as well as two telephone jacks
310 and 312 (e.g., standard RJ-11 jacks). Each set of twisted
pair wires 302, 304, 306 and 308, consists of two twisted
pairs (the “B-Y” or black-yellow pair, and the “R-G” or
red-green pair) made up of four wire segments, B, R, G and
Y, in accordance with standard wiring practice. As noted
above, standard telephone wiring is connected in parallel,
with each red wire segment connected with each other red
wire segment, each green with each other green, and so on.
Thus, the wiring forms a parallel bus structure 314 as shown.

As illustrated in FIG. 4(a), replacement junction box 400
interconnects multiple external twisted pair wire sets 402,
404,406 and 408 to two jacks 410 and 412. In one
embodiment, each individual external wire segment (e.g.,
the red wire segment) of each of the external twisted pair
wire sets 402, 404, 406 and 408 is attached to replacement
junction box 400 via standard junction box screw terminals
(not shown) or one of a variety of interface terminals or
other means of connecting two wire segments. Replacement
junction box 400 could be manufactured with its interface
terminals already interconnected by internal interface wire
segments 414, such that one could effectively interconnect
external twisted pair wire sets 402, 404, 406 and 408 to one
another merely by connecting their individual external wire
segments to the interface terminals of junction box 400.

Internal interface wire segments 414 in junction box 400
support four external twisted pair wire sets and two jacks,
which should be sufficient for most residential wiring con-
figurations. In the event a junction box has more than four
external twisted pair wire set “junctions” (e.g., “hub” junc-
tion box 230d in FIG. 2(d)), multiple of these replacement
junction boxes could be used, with each such junction box
handling up to four of these “junctions.” Of course, extended
replacement junction boxes supporting more than four exter-
nal twisted pair wire sets (and/or more than two jacks) also
could be utilized.

By convention in this embodiment, the B-Y pair of one
external twisted pair were set is connected, respectively, to
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the R-G pair (via interface terminals, not shown, and inter-
faces wire segments 414, as noted above) of another external
twisted pair wire set and/or jack. This “B-Y to R-G”
connection pattern involves connecting the “outgoing” (e.g.,
B-Y) pair of one external twisted pair wire set or jack to the
“incoming” (e.g., R-G) pair of another external twisted pair
wire set or jack until a physical loop is formed.

In this embodiment, jacks 410 and 412 of replacement
junction box 400 (as well as the jacks of network adapters
connecting devices to a logical ring network, discussed
below) utilize adjacent wire segments to connect the B-Y
and the R-G pairs. For example, for a standard 6-wire RJ-12
jack, wires 2 and 3 would be connected to the B-Y pair of
another external wire segment or jack, while wires 4 and 5
would be connected to the R-G pair of yet another external
wire segment or jack (with wires 1 and 6, not shown,
optionally used for phantom power as discussed below).

Thus, twisted pair set 402 connects to twisted pair set 404,
which connects the jack 410, which connects to twisted pair
set 408, which connects to jack 412, which connects to
twisted pair set 406, which completes the physical loop by
connecting back to twisted pair set 402. These connections
mirror the connections shown in FIG. 2(c¢) inside junction
box 226¢, with segments 240c, 242¢, 244¢ and 246¢ of FIG.
2(c¢) respectively associated with twisted pair sets 402, 404,
406 and 408, and jacks 269-3c¢ and 269-5c¢ respectively
associated with jacks 410 and 412.

Also by convention, as will be discussed in greater detail
below, devices with two jacks typically process information
received on their “incoming” pair (wires 2 and 3) via one
jack, and transmit it to another device via their “outgoing”
pair (also wires 2 and 3) via the other jack. Eventually,
information will return to the device on the other pair (wires
4 and 5) of that other jack and pass (unchanged) directly
through the device and out the other pair (wires 4 and 5) of
the first jack back to its original source. If one jack of the
device is not connected to another device, then information
will be transferred (as shown below) from that jack’s
“outgoing” pair (wires 2 and 3) to the jack’s other pair (wires
4 and 5), as if the information had returned from another
device, and back out of the device via the other pair (wires
4 and 5) of the other jack.

Although homeowners could hire a cabling technician to
disconnect the “in-wall” external wire segments from exist-
ing junction boxes, and reconnect them to the interface
terminals of replacement junction boxes, many homeowners
may elect to perform these wiring modifications themselves,
particularly if the replacement junction boxes are designed
to greatly simplify the task and reduce the probability of
“user error.” In this regard, replacement junction box 400
can include removable jumpers (e.g., 420, shown in ghost)
at the interface terminals (and an analogous device inside
each jack, as will be discussed below in the context of FIG.
5(a)) to maintain the physical loop in the event that set goes
unused.

Removable jumper 420 connects the B-Y pair to the R-G
pair, through cross-wires 416 (e.g., connecting the “red” and
“yellow” interface wire segments) and 418 (e.g., connecting
the “green” and “black” interface terminals), respectively,
which continues the physical loop in the absence of a
connection with twisted pair set 406. The homeowner would
remove the jumper only from those interface terminals that
are to be connected to external twisted pair wire sets.

Thus, replacement junction box 400 could be used to
replace virtually any standard residential telephone junction
box. To replace “end” junction box 224c¢ in FIG. 2(c), for
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example, only one jumper (e.g., 420) need be removed to
connect twisted pair set 406 in FIG. 4(a) to wiring segment
242c in FIG. 2(¢). To replace “4-way” junction box 226(c)
in FIG. 2(c), however, jumpers from all four twisted pair
wiring sets (402, 404, 406, and 408) would need to be
removed to connect them to wiring segments 240c, 242c¢,
244c¢ and 246c¢ of FIG. 2(c), as discussed above. In the
unusual event that a junction box and more than four twisted
pair wire “junctions,” multiple or extended replacement
junction boxes could be used as noted above.

FIG. 4(b) illustrates a logical representation of a replace-
ment junction box 440, independent of the precise transmis-
sion medium. Each set of wires 442, 444, 446 (with remov-
able jumper cross-wires 454 and 456) and 448, as well as
connections to jacks (or other connectors) 450 and 452, is
shown as two lines (“A” and “B”), each of which could
represent a twisted pair cable, a coaxial cable or other
transmission medium. The connections among the lines and
jacks are analogous with those shown in FIG. 4(a).

d) Replacement Jacks and Connectors

Replacement junction box 400 illustrated in FIG. 4(a)
includes jacks 410 and 412 to connect network devices to the
logical ring network of the present invention. In this typical
embodiment in which twisted pair wiring is present, stan-
dard RJ-11 or RJ-12 jacks and connectors could be utilized,
as illustrated in FIG. 5(a).

Jack 520, which would be part of a replacement junction
box, includes a mechanism to interconnect the two pairs of
twisted pair wiring set 522 to complete the physical loop in
the event that no network device is connected to jack 520.
Yet, this mechanism must be disabled when a network
device is connected—i.e., when a connector, such as con-
nector 500, is inserted into jack 520.

One embodiment of such a mechanism is protruding tab
526 (shown retracted) with attached wires 528 and 530 to
interconnect wires 522 (e.g., R to Y and G to B) when
connector 500 is not inserted, but to be pushed out of the
way (breaking circuit) upon insertion of connector 500. This
mechanism will ensure that the physical loop is completed
regardless of whether a network device is inserted into jack
520. It is readily apparent to one of ordinary skill in the art
that other mechanisms are available to solve this problem of
interconnecting a jack’s two pairs until a network device is
connected to that jack (e.g., a spring-loaded mechanism, an
electrical switch, etc.).

In all other respects, jack 520 can be a standard RJ-11
jack, with standard B, R, G and Y wires 522 (or a standard
6-wire RJ-12 jack) connected to twisted pair cable 524.
Moreover, connector 500 can be a standard RJ-11 connector,
with standard B, R, G and Y wires 502(or a standard 6-wire
RJ-12 connector), twisted pair cable 504 and locking clip
506. Certain advantages, however, may be obtained by
deviating further from standard RJ-11 and RJ-12 jacks and
connectors.

For example, it may be desirable to make the jacks and
connectors non-standard so that a user cannot mistakenly
connect a conventional device, such as a POTS phone, into
a jack on a replacement junction box. Thus, the addition of
a protruding rib 508 (shown in ghost) along with a comple-
mentary notch 510 (also shown in ghost) on connector 500,
and a similarly configured jack (not shown), could prevent
such accidental connections. It should be evident to one of
ordinary skill in the art that there are many other such “lock
out” mechanisms that could be devised. In addition, the jack
could include a light (or other indicator) indicating whether
a device and/or appropriate connector is connected to that
jack.
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Moreover, as will be discussed in greater detail below, it
may be desirable to create a “smart jack” which not only
closes the physical loop regardless of whether a network
device is connected, but also maintains a fixed amount of
network delay. Such a mechanism enables one to connect
and disconnect network devices (daisy-chained to the smart
jack) without disrupting the transmission of information
(e.g., an audio or video stream) among other devices on the
logical ring network. As will be discussed below, this “hot
pluggable smart jack™ is itself a network device into which
a chain of other network devices can be connected, but
which adjusts its delay (and causes the logical ring network
to be reconfigured) to account for the insertion or removal of
any of such other network devices without disrupting the
transmission of information among the remaining network
devices (including information passing through the hot
pluggable smart jack itself).

In yet another embodiment, it may be desirable to enable
a homeowner to switch between the conventional POTS
analog telephone network and the logical ring network of the
present invention, merely by toggling a switch at the junc-
tion box. As illustrated in FIG. 5(b), a front view, a wall plate
540 has a vertically slidable jack 542, which locks in either
of two positions, “LLRN” 544 and “POTS” 546, for logical
ring network and conventional analog telephone network
operation, respectively, in the side view of FIG. 5(c¢), the
jack 542' can be seen protruding on either side of wall plate
540'. In the upper (LRN) position, jack 542' abuts plate 548',
and in the lower (POTS) position, abuts plate 548'. Plates
548' and 550' are connected in the “in-wall” wiring 556'
through cables 552' and 554', respectively.

In one embodiment, plates 548' and 550' could be printed
circuit boards such that plate 550' implements POTS cir-
cuitry (analogous to that shown in FIG. 3), while plate 548"
implements logical ring network circuitry (analogous to that
shown in FIG. 4(a)). It should be evident to one of ordinary
skill in the art that there are many mechanisms for switching
the wiring infrastructure from a POTS network to the logical
ring network configuration of the present invention, includ-
ing removable modules/printed circuit boards, reversible
boards, relays, etc. As will be discussed below, it is even
possible for a POTS network to coexist (i.e., to share a pair
of wires) with a logical ring network.

e) Phantom Power

In one embodiment of the invention, it may be desirable
to route power to devices (including hot pluggable smart
jacks) via the same jack used to connect such devices to the
logical ring network. In other words, instead of requiring the
device to obtain power externally (e.g., from a battery or by
plugging the device into a standard power outlet), the jack
can include an additional pair of wires to (optionally) route
power from a standard power junction box through a power
supply to a network device. In this manner, the homeowner
merely need plug in a single standard RJ-12 (6-wire) cable,
and obtain both “phantom” power and a connection to a
logical ring network. No separate power cable would be
necessary.

As will be illustrated in one embodiment below, such
“phantom” power could be transformer isolated to supply
approximately 25 watts of power to network devices
(including hot pluggable smart jacks). Such power would be
sufficient for many network devices (such as telephones and
satellite speakers), while others (such as powered
subwoofers) might still require external power. Critical
components (e.g., last one telephone in a house) could also
be connected to a “battery back-up” device such as a
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standard UPS, so that they would continue to function in the
event of a power outage.

FIG. 6 shows a standard six-pin RJ-12 connector 600,
with locking tab 606 and twisted pair cable 604, which can
be inserted into the corresponding six-pin jack 620 with
twisted pair cable 632. This arrangement includes the con-
ventional two pairs of wires 602 and 622 on the connector
600 and jack 620, respectively, as well as the protruding tab
626 on jack 620 with attached wires 628 and 630 to ensure
completion of the physical loop. The remaining two wires of
a standard 6-wire RJ-12 jack, however, are used for “phan-
tom” power lines 608 and 610 on connector 600, and
corresponding lines 624 and 625 on jack 620. These power
lines may be supplied from the house current 629 via power
supply 627 (or from any other “in-wall” power source),
which in one embodiment supplies high-frequency AC 24V
power synchronized to the 44.1 kHz “frame rate” described
below. Note also that an RJ-11 connector could be inserted
into jack 620 to connect a device to the logical ring network,
though no phantom power would be supplied to that device.

As noted above, a hot pluggable smart jack (not shown
here, but discussed in greater detail below) would itself be
a network device. In the embodiment described below, this
device would include two jacks. One jack would be of the
type illustrated in FIG. 6, and would provide “in-wall”
phantom power needed to power the hot pluggable smart
jack itself. The other jack would be the hot pluggable smart
jack into which another network device would be inserted
and removed. This jack preferably would be of the type
illustrated in FIG. 6, so that it could provide optional
phantom power to any network device inserted therein. A
more standard jack, however, such as the one illustrated in
FIG. 5(a), would be sufficient.

f) Physical Media Hybridization

It should also be noted that, instead of providing a
separate pair of wires for phantom power, or for a POTS
network, either or both of these functions can share the same
pair of wires with each other, as well as with a logical ring
network. Because each of the pairs of a logical ring network
is a balanced transformer-isolated transmission line, each
wire of a given pair is doing the exact complement/opposite
of its partner. Thus, the resulting electromagnetic field
emanating from each pair of wires will be zero. This reduces
the radio emissions of the network and provides noise
isolation for these signals.

Signals that are common-mode, or which have the same
potential on both of the wires of a pair, will radiate as if such
signals were transmitted only on one wire. Such signals will
thus be completely independent from the different signal
between the wires. In other words, in the ideal case, there
should be no interaction between the two transmission
modes.

Because the data on a logical network is transmitted
differentially in one embodiment discussed below, it is
possible to use the common mode of each of the pairs as
virtual wires to transmit other information and/or power.
This information could be analog voice over a POTS line
equivalent, or some other transmission system. Power can be
transmitted simultaneously by utilizing a high pass filter to
isolate the audio/phone signaling from the ultransonic AC
power signal.

These signals could be injected onto the wires by the
equivalent of connecting these signals to the center-tap of
the transmission and reception transformers. This has to be
done very carefully so as not to misbalance the differential
signal, which could result in less than complete cancellation
of the differential signal, which in turn could create inter-
ferences.
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Alternatively, a single pair of wires can support both a
logical ring network (with bidirectional drivers) and a POTS
network, as well as power. This can be accomplished by
using high-pass, low-pass and band-pass filters, respectively,
at each wiring junction to isolate each of these three types of
signals from one another. All such filters could be “high-
frequency balanced” to prevent the high-frequency network
signal from becoming misbalanced, and thereby creating
radio interference.

In one embodiment, all three types of signals could share
the same pair of wires, which could be unshielded twisted
pair, coaxial or other conductive media. If another pair of
wires were available, it could be dedicated to a logical ring
network and/or power, leaving the POTS network untouched
on its own existing pair of wires, thereby preventing any
interference between the phone system and the power lines
or a logical ring network. Alternatively, one pair of wires
could be dedicated to the bidirectional logical ring network,
with the other pairs supporting the POTS network and/or
power. This embodiment would greatly simplify the
required hybrid circuitry. For example, relatively simple
analog low-pass and high-pass filters could be employed to
isolate these two types of signals, because no high-
frequency network signal would need to be accommodated.

g) Logical Ring Network

Having illustrated the modifications to the physical net-
work topology, one can now appreciate the advantages of a
logical ring network independent of its underlying physical
topology. The wiring at the junction boxes (including jacks
and possibly connectors) may have been modified via
replacement junction boxes as illustrated in FIGS. 3—6 to
transform arbitrary physical topologies into a logical ring
network. Devices have been connected to the logical ring
network, either at those replacement junction boxes and/or
directly to one another in a daisy-chained fashion, as illus-
trated in FIGS. 2(c) and 2(d) above. In either case, as noted
above, a single physical loop, and thus a single default
network path, has been formed.

Although information propagating along this default net-
work path physically may reach the same device multiple
times per “revolution” (e.g., as illustrated by device 268c¢ in
FIG. 2(c)), such information is processed only once by each
device, thereby forming a logical ring network. In other
embodiments discussed below, however, alternative paths to
the default network path are utilized to increase overall
network bandwith.

FIG. 7 illustrates the default network path of a logical ring
network 700 having network devices “A” 702 (acting as the
network “clock” as explained below), “B” 708, “C” 710,
“D” 712, “E” 714 and “F” 716, respectively connected by
logical cable segments 720, 722, 724, 726, 728 and 730. By
convention, information is transmitted in a clockwise direc-
tion from network clock device A 702 to device B 708, to
device C 710, to device D 712, to device E 714, to device
F 716, back to network clock device A 702, and so on.

As noted above, and as will be explained in greater detail
below, network devices on a logical ring network of the
present invention are synchronized to one another. This
synchronization occurs upon initialization of the logical ring
network, during which each device capable of acting as a
“clock” device arbitrates for election as the “network clock”
device. The network clock device sends a synchronization
marker at constant intervals along the default network path
to which all other devices synchronize. As will be explained
below, this low-level device synchronization greatly facili-
tates the synchronization of audio and video sources, audio
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sources received by multiple speakers, and many other
media synchronization requirements.

Because network devices with single unidirectional driv-
ers can transmit signals only in one direction along the
default network path, and because (as noted above) the time
for any given stream of data to propagate around this default
network path remains constant, a logical ring network
affords devices a fixed amount of total network bandwidth.
As will be discussed below, this total network bandwidth can
be allocated (by default, and later reallocated dynamically)
into fixed-length channels, the size of which can be deter-
mined by the requirements of each particular media stream.

At some point, however, reallocation of existing network
bandwidth may be insufficient, and additional network band-
width may be desired. For example, if every member of a
large family had his own television, and each wanted to
watch a different program at the same time, total network
bandwidth might be insufficient to accommodate such a
situation.

Moreover, as more network devices are added to the
logical ring network, the total delay around the logical ring
network along this default network path may exceed the
maximum delay necessary to ensure phase coherency
between any two devices. For example, two or more 44.1
kHz audio samples sent by CD player device might reach a
left speaker device before the first such sample reaches a
right speaker device, resulting in and undesirable lack of
phase coherency between the two speakers that would
diminish the listening experience.

There are a variety of ways of increasing network band-
width to accommodate such situations, which will be dis-
cussed in greater detail below. Logical ring network band-
width can be increased, for example, by providing (i) better
physical media supporting a higher data transmission rate;
(ii) more efficient modulation techniques (i.e., compressing
information); and/or (iii) alternate paths between devices for
the transmission of data (e.g., by adding to the logical ring
network a switching router device, or simply adding devices
with multiple and/or bidirectional transceivers). The precise
means by which network bandwidth can be increased will be
better understood following an explanation of the manner in
which devices transfer data and “system commands” to one
another on a logical ring network.

2. Synchronous Logical Ring Network Architecture

a) Overview

As noted above, a logical ring network of the present
invention is a synchronous network. All devices transmit
and receive information at periodic intervals determined by
a “network clock” device (as described below). In one
embodiment, during each clock cycle, each device simulta-
neously transmits information to the next device along the
default network path.

In the case of switching routers and other devices with
multiple and/or bidirectional transceivers, alternate, “short-
cut” paths (as compared with the default network path) may
be available as a means of increasing network bandwidth, as
will be discussed in greater detail below. To the extent all
network devices have only one unidirectional transceiver,
however, all information is transmitted from device to
device in a consistent order along the default network path.

As noted above, each device imposes a constant amount
of delay to process information—i.e., to receive information
and then transmit either the same information, or modified
information, to the next device on the logical ring network
(including signal propagation delays, which increase with
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the length of the physical wire between devices). This
“device delay time,” though constant, differs from device to
device. Thus, as information propagates from device to
device along the default network path, the delay from one
device to the next may vary. Yet, the propagation time for a
complete “revolution” around the logical ring network
remains constant.

For example, if there are three devices on the logical ring
network, it may take five clock cycles for information to
propagate from the first device to the second device, but only
four clock cycles to propagate to the third device and six
clock cycles to propagate back to the first device. Yet, it will
always take fifteen clock cycles for information to propagate
from any device around the network along the default
network path and back to that device. As will be explained
below, this cumulative propagation time actually will be
“rounded up” by the network clock device to an amount
sufficient to accommodate fixed-length “frames” of infor-
mation.

As a result of this fixed cumulative propagation time for
information to travel around the logical ring network along
this default network path, network devices are afforded a
fixed amount of total network bandwidth for sending and
receiving information along the default network path. As
will be discussed below, however, the total network band-
width is not simply divided equally among devices. Each
device is allocated a fixed amount of bandwidth (appropriate
for the particular type(s) of data which that device transmits
and/or receives) which differs from device to device and can
be altered dynamically.

b) Network Clock Synchronization and Information
Framework

In one embodiment, at least one device on a logical ring
network must be capable of acting as the network clock
device, typically in addition to performing its “normal”
function (e.g., CD player). During network initialization, a
clock arbitration process determines which device (among
those capable of acting as the network clock device) will be
deemed the network clock device. In other embodiments, the
network clock device could be predetermined—e.g., via a
user-settable switch.

Once the network clock device has been selected, all other
devices are synchronized to the network clock device. The
precise details of the network initialization process, and the
manner in which devices are synchronized to the network
clock device, are discussed in greater detail below.

In one embodiment, all network devices, including the
network clock device, transmit raw bits of information,
referred to as “symbol bits”(described below), at a rate of
28.224 MHz. This rate was selected to facilitate compliance
with current FCC regulations relating to radio frequency
interference (“RFI”) for information transmitted over stan-
dard unshielded twisted pair cables. Overall network band-
width may be increased, for example (as discussed below),
by utilizing better physical media supporting a higher data
transmission rate.

These symbols bits are encoded, using a 4B/5B encoding
scheme (also described below), to distinguish normal “data
bits” (representing information such as digital audio or video
streams, or embedded asynchronous data) from special
markers used for various purposes such as identifying and
delimiting frames, “system commands,” null data, etc. Thus,
the network “data bit rate” is 22.5792 MHz, or 45 of the
network “symbol bit rate” of 28.224 MHz. Every 5-bit
“symbol” represents either one nibble (4 bits) of data or
all/part of a special marker.
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One of these special markers, the “frame header” (which
actually comprises 2 symbols), is used to synchronize all
other devices to the network clock device at a rate useful for
synchronizing digital media streams, such as CD audio or
MPEG video. Because audio, with its high sample rate, is
particularly susceptible to distortion owing to timing dis-
crepancies (compared to video, for example, which typically
is sampled no more than 60 times per second), the network
clock device generates frame headers at a “frame rate” of
44.1 kHz, the standard CD audio sample rate. In essence, by
sending out a periodic frame header, the network clock
device not only sends out a 44.1 kHz synchronization
marker, but also creates the header for a fixed-length
“frame” of information.

This fixed-length frame, which will be discussed in
greater detail below, is comprised (in one embodiment) of
640 symbol bits or, equivalently, 512 data bits. One can
derive this frame size by dividing the symbol bit rate (or data
bit rate) by the frame rate of 44.1 kHz. The network clock
device creates these fixed-length frames, which then propa-
gate from device to device on the logical ring network. As
will be discussed below, in one embodiment, the network
clock device periodically (e.g., once per minute) sends out
a “Time Sync” frame header (“WK” in Table I below) to
mark a particular “time of day” in lieu of the far more
frequently used “Clock Sync” frame header (“JK” in Table
I below).

To maintain a consistent frame rate and avoid corruption
of data, the network clock device in one embodiment buffers
received data to ensure that an integral number of frames are
present on the logical ring network at any given time. In
other words, the network clock device imposes an artificial
delay (using a mechanism described in greater detail below)
to “round up” the sum of the individual device delay times
to the next highest multiple of 22.676 us (1/44.1 kHz),
resulting in a “cumulative frame propagation delay” of
22.676 us or an integral multiple thereof.

If this cumulative frame propagation delay equals exactly
22.676 us, rather than a higher multiple thereof, information
is guaranteed to propagate from any device to any other
device within one CD audio sample time, thereby ensuring
phase coherency among devices. For example, left and right
speakers are guaranteed to be “synchronized” to the same
audio sample time while playing stereo audio generated by
a CD player.

Assuming a typical device delay time of approximately 6
of the 640 available 28.224 MHz clock cycles per “revolu-
tion” of a frame, a logical ring network will continue to
guarantee this “one audio sample” level of phase coherency
until over 100 such devices are added to the network. Even
at the point at which the delay exceeds 22.676 us, and the
network clock device “rounds up” the cumulative frame
propagation delay (e.g., to 45.332 us, or 1/22.05 kHz), the
logical ring network will continue to function, through with
greater potential delay between devices.

For example, although the frame rate would continue to
be 44.1 kHz, two full frames (instead of one) would be
present in the logical ring network at any given time. Thus,
information might require up to 45.352 us (i.e., two audio
sample times) to propagate from one device to another along
the default network path.

Yet, as noted above, a logical ring network could be
segmented into multiple physical loops or network “arms,”
and a switching router could be added, such that the frame
propagation delay around each network arm would again
equal (or be rounded up to) 22.676 us. As will be discussed
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in greater detail below, the default network path would still
traverse every device on the logical ring network (not just
those on an individual network arm). Thus, information
propagating along this path would still have a cumulative
frame propagation delay exceeding the 22.676 us delay
present on each network arm. However, this path might be
used only for “system commands” (at a much slower system
command rate of approximately 1.1 kHz, as explained
below), as opposed to streams of “normal” data which could
follow a shorter path by switching, via the switching router,
from one network arm (containing the source device sending
the data) directly to another (containing the destination
device receiving the data).

¢) Data Encoding

As noted above, all information transmitted in one
embodiment of a logical ring network is encoded using a
4B/5B coding system. Each 5-bit symbol represents either
one of 16 possible data values (0—15) or all/part of a special
marker, discussed below, used for various purposes such as
frame headers, “system command” delimiters, error detec-
tion or null data.

A 4B/5B encoding of information transmitted at 28.224
MHz is employed so as to avoid a large DC offset and to
ensure a sufficient number of voltage transitions over time to
enable each network device to synchronize to the incoming
data and receive the information accurately (as will be
explained in greater detail below with respect to the syn-
chronization hardware inside a logical ring network adapter
for each network device).

At the physical layer, in one embodiment, network
devices utilize an “NRZ” (non-return to zero) bi-level cod-
ing scheme. They transmit a “1” symbol bit by transitioning
from a low-to-high (or high-to-low) voltage, and a “0”
symbol bit by maintaining the current voltage level. To
ensure a sufficient number of transitions, the 4B/5B logical
encoding values are selected such that a valid sequence of
symbols never includes more than 3 consecutive “0” symbol
bits. Thus, only about %5 of the 32 possible 5-bit combina-
tions are used.

In the embodiment illustrated in Table I (and discussed in
greater detail below) a transmitting device can encode 4B
data nibbles and special markers into 5B symbols in the
following manner. The device encodes data and special
markers as 5-bit quantities (shown as “Translated Values™ in
Table I) by appending a “0” onto the MSB of 4B data
nibbles, and appending a “1” onto the MSB of 4-bit repre-
sentations of each special marker. The device then translates
these 5-bit quantities into the 5B symbols which it physi-
cally transmits to the next device on the logical ring net-
work. Receiving devices then decode these 5B symbols by
translating them back into the 5-bit Translated Values shown
in Table I and interpreting them (based on the MSB of the
symbol’s Translated Value) either as 4-bit data nibbles or as
special markers.

TABLE I

4B/5B ENCODING

SYMBOL = TRANS-

BIT LATED EQUIVALENT
VALUES VALUES DATA
43210 43210 3210 NAME FUNCTION
11110 00000 0000 0 Data
01001 00001 0001 1
10100 00010 0010 2
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TABLE I-continued
4B/5B ENCODING

SYMBOL  TRANS-
BIT LATED EQUIVALENT

VALUES VALUES DATA

43210 43210 3210 NAME FUNCTION

10101 00011 1011 3

01010 00100 0100 4

01011 00101 0101 5

01110 00110 0110 6

01111 00111 0111 7

10010 01000 1000 8

10011 01001 1001 9

10110 01010 1010 A

10111 01011 1011 B

11010 01100 1100 C

11011 01101 1101 D

11100 01110 1110 E

11101 01111 1111 F

11111 10000 SPECIAL I Idle

11000 10001 MARKERS J First symbol of
Clock Sync Frame
Header marker

01000 11100 W First symbol of
Time Sync Frame
Header marker

10001 10010 K Second symbol of
Clock Sync and
Time Sync Frame
Header markers

01101 10100 T First symbol of
System Command
Start/Empty
markers

00111 10101 R Second symbol of
System Command
Start marker

00101 10110 U Second symbol of
System Command
Empty marker

00000 10111 INVALID A\ Invalid Code

00001 11000 V  NOT USED

00010 11001 v

00011 10011 v

00100 11101 A\

00110 11011 A%

01100 11101 v

10000 11110 v

11001 11111 A\

d) Fixed-Length Frame Format

As noted above, in one embodiment of a logical network,
the fundamental frame rate is 44,100 fixed length frames per
second (44.1 kHz). In this embodiment, the length of each
frame is 640 symbol bits or, equivalently, 512 data bits. As
is illustrated below, a frame is divided into 128 “nibbles,”
encoded as 5B symbols for transmission, and representing,
when decoded, mostly 4-bit data nibbles along with certain
special markers, as shown in Table I above.

The size of this fixed-length frame could be expanded
beyond 128 nibbles, in another embodiment, to accommo-
date more data and thus increase total network bandwidth.
For example, better physical media could be used to support
a higher data bit rate beyond 22.5792 MHz. Moreover, a
more efficient modulation technique, such as 5-level,
coding, could be used in the transceivers of each device’s
network adapter, enabling each device to transmit two data
bits (instead of one) during each 22.5792 MHz clock cycle.

In any event, after a logical ring network is initialized (as
discussed in greater detail below), each frame is created in
the first instance by the network clock device, which fills the
frame with a frame header, a “system command” (also
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described below) and, where no data is supplied, “idle” (“I"")
markers which other devices may overwrite with actual data.
The network clock device also may itself embed actual data
(e.g., a CD audio stream) into a frame.

As each frame propagates from device to device on the
logical ring network, each device processes the information
in the frame and either passes it along to the next device
unmodified or overwrites certain information. As will be
explained in greater detail below, devices typically pass
along most of the frame unmodified.

For example, a CD player might “insert” samples of a CD
audio recording into left and right stereo audio channels of
the frame—e.g., by overwriting nibbles 2—7 of the frame
with a digital sample of left-channel audio, and nibbles
66—71 of the frame with a digital sample of right-channel
audio. Yet, the CD player would ignore most of the other
nibbles, because they relate to other digital media streams
(e.g., video, telephone, or embedded asynchronous data)
which do not concern the CD player.

In one embodiment illustrated in Table II below, the frame
header occupies the first two nibbles (0 and 1) of the 128
nibbles in each frame. Of the remaining 126 nibbles, 124
nibbles are allocated to the “data stream” which includes the
audio, video, telephone and other streams or “channels” of
digital media disturbed among the devices on the logical
ring network. This data stream, discussed in greater detail
below, is divided into two 62-nibble blocks in the frame
(nibbles 2-63 and 66-127), separated by a one-byte (nibbles
64—-65) “system command stream.”

The system command stream, also explained in greater
detail below, is used primarily for initializing and reconfig-
uring devices on a logical ring network. In one embodiment,
this system command stream is comprised of fixed-length
40-byte “system commands” that occupy 40 consecutive
frames (but only 2 nibbles per frame). Because system
commands are processed by every network device, they are
sent along the default network path.

Thus, fixed-length frames propagate from device to
device on the logical ring network (transmitted as nibble 0,
nibble 1 . . . nibble 128, with each nibble transmitted from
MSB to LSB), and include, in addition to a frame header,
two distinct information streams—the data stream and the
system command stream. As will be discussed below, these
two information streams operate independently from one
another.

For example, as noted above, if alternate paths are made
available to increase total network bandwidth (e.g., by using
a switching router to route information from one network
arm to another), these alternate paths are used by the data
stream. The system command stream always propagates
along the default network path (which will include every
network arm) to ensure that it reaches every network device.
Moreover, as explained in greater detail below, the network
can be reconfigured (e.g., when a network device is added to
or removed from a hot-pluggable smart jack) via the system
command stream without interrupting the propagation of
data among network devices via the data stream.

In one embodiment, illustrated in FIG. 7, network clock
device 702 is responsible for buffering frames, via frame
FIFO 706, to ensure that an integral number of frames are
present on the logical ring network at any given time. Thus,
network clock device 702 would finish transmitting the
entirety of a frame before transmitting the frame header for
the next frame. This prevents frames from overlapping one
another and becoming corrupted.

Moreover, as noted above, each network device impose
some delay (typically equal to about six 28.224 MHz symbol
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bit times in this embodiment, or 6x0.03543 us=0.2126 us) in
order to receive/process/transmit each bit of a frame. Net-
work clock device 702 artificially delays (i.e., buffers) ecach
symbol bit it receives in order to “round up” the total of these
device delay times to a cumulative frame propagation delay
time equal to the next highest integral number of 44.1 kHz
frames (i.e., an integral multiple of 22.676 us).

Once this cumulative frame propagation delay equals
22.676 us (i.e., frames propagate at 44.1 kHz, and exactly
one 44.1 kHz frame is present on the logical ring network),
then all network devices are guaranteed to receive any given
44.1 kHz audio sample before any network device receives
the next such sample. If the logical ring network is seg-
mented into multiple network arms, then a switching router
can buffer frames (as explained in greater detail below) to
ensure that exactly one frame is present on each network
arm. As a result, data sent from one network arm to another
may be delayed by a few audio sample times; though devices
on the same network arm (e.g., left and right speakers)
would receive such data at the “same time”—i.e., during the
same audio sample time.

Although this buffering mechanism enables devices on
the same network arm, such as left and right speakers, to
remain “in phase,” there are certain situations in which it is
desirable to alter the effective phase relationships among
devices (whether on the same or on different network arms).
For example, rather than require speakers to be physically
positioned at precise locations within a room to obtain a
desired listening experience, one could simulate this physi-
cal positioning of speakers by programming a specified
delay into one or more devices. This could be accomplished,
for example, by employing a FIFO or analogous buffering
mechanism within particular devices to delay the processing
or retransmission of data by such devices. Such FIFOs could
be programmed, for example, by a “smart” CPU-based
controller device on the network.

In one embodiment, a DSP device, upon decoding a
surround sound audio stream, might utilize an on-board
FIFO to delay particular decoded audio streams before
transmitting them over the logical ring network to one or
more speaker devices—i.e., simulating the effect of physi-
cally moving those speakers. In this embodiment, each
speaker still would play its audio team stream “immedi-
ately” upon receiving it via the logical ring network. In
another embodiment, this buffering mechanism could be
located within one or more speaker devices (perhaps in
addition to the DSP device), such that a particular speaker
would delay the playing of its audio stream for a special
period of time after receiving it via the logical ring network,
still achieving the same effect of simulating physical move-
ment of the speakers.

Network clock device 702, in addition to buffering frames
in this embodiment also is responsible for buffering system
commands, via system command FIFO 704, to ensure that
an integral number of system commands are present on the
logical ring network at any given time. As is done for
frames, network clock device 702 would finish transmitting
the entirety of a fixed-length (40-byte) system command
before transmitting the “system command leader”
(explained below) for the next system command. This
prevents system commands from overlapping one another
and becoming corrupted. Network clock device 702 also
performs certain system command maintenance functions
which will be explained in greater detail below.

It should be noted that, in this embodiment, each network
device buffers system commands for at least one frame
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(which includes one byte of a system command), to allow
the device sufficient time to modify each byte of a system
command, if necessary. Network clock device 702, however,
performs additional buffering, as noted above to “round up”
the cumulative delay (for system commands to traverse the
default network path) to an integral multiple of 40 frame
times. This “cumulative system command propagation
delay” (an integral multiple of 40 frames) is the time
required for a system command to propagate around the
entire default network path. It should be distinguished from
the cumulative frame propagation delay (an integral multiple
of one frame), which is the time required for a frame to
propagate around an arm of the logical ring network (which
would be the entire default network path in the case of a
network that is not segmented into multiple network arms).

TABLE II

FIXED-LENGTH FRAME FORMAT

NIBBLES DESCRIPTION

0-1 Frame Header (Clock Sync or Time Sync)
2-63 First Block of Data Stream Channels
64-65 System Command Stream

66-127 Second Block of Data Stream Channels

e) Data Streams

The vast majority of the total network bandwidth is
utilized by network devices sending and receiving digital
media streams, such as audio, video, phone, asynchronous
and other data. As noted above, in one embodiment, 124 of
the 128 nibbles in each frame are allocated to the data
stream. A single byte (2 nibbles) is allocated to the frame
header, and another byte (2 nibbles) to the system command
stream.

In this embodiment, the data stream is allocated by default
into various fixed-width channels as illustrated in Table III
below. These channel assignments can be modified
dynamically, as is discussed in greater detail below. These
channels may be associated with a particular type of media
(e.g., digital audio) and may occupy a number of 4-bit data
nibbles (varying from channel to channel) corresponding to
the network bandwidth required by such media.

For example, in the default data stream channel allocation
illustrated in Table III, “Audio Left Channel 0” occupies
nibbles 2—7 of a frame, and represents the left channel of a
stereo digital audio stream. In order to achieve CD-quality
audio for that left channel, 4 nibbles (16 bits) are required to
represent the range of audio intensity levels for each audio
sample. The remaining 2 nibbles can be used for additional
information, such as more phone lines or “surround sound”
(e.g., Dolby ProLogic), which is encoded into stereo audio
recordings.

Note that the 44.1 kHz frame rate in this embodiment
guarantees that these audio samples will reach a playback
device (e.g., a left speaker) at precise 22.676 us (1/44.1 kHz)
intervals. Moreover, each of these same audio samples will
reach the corresponding right speaker, for example, within
the same 22.676 us (1/44.1 kHz) interval, thereby maintain-
ing phase coherence (within the same audio sample time)
between the left and right speakers.

As noted above, this same level of phase coherence is
achieved even if the source device (e.g., a CD player) is
physically located on another arm of the logical ring
network, and requires multiple audio sample times to trans-
mit each audio sample to the speakers. In other words, the
speakers (assuming, as is likely to be the case, that they are
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both in the same room and on the same network arm) remain
phase coherent, and thus receive the digital audio stream at
the “same time” (i.c., same audio sample time) relative to
each other, even though they both receive it delayed by a few
audio samples from the time it was transmitted by the CD
player.

It should be further noted that this 44.1 kHz level of
“synchronization accuracy” (which could be modified if
desired) is sufficient to enable other media types (e.g., digital
video) to be synchronized to audio as well as to one another.
Digital video frame rates, for example, require only 30—60
samples per second, compared to 44,100 audio samples per
second. Where necessary, synchronization of the logical ring
network to external clock rates (e.g., MPEG1 and MPEG2
clock rates) also can be achieved, via a general-purpose
mechanism discussed below in the context of particular
MPEG-related devices.

The default data stream channel assignments illustrated in
Table III allocate the 22.5792 Mbit total network bandwidth
(based on the 22.5792 MHz data bit rate) to allow for the
following simultaneous digital media streams: (i) 4-CD-
quality digital stereo audio streams; (ii) 2 MPEG2 com-
pressed digital audio/video streams; (iii) 8 digital phone
streams; (iv) 32 embedded asynchronous data streams, cach
“sample” occupying a nibble every eight frame; and (v) 2
miscellaneous data streams, each the size of an MPEG2
compressed digital audio/video stream.

As will be discussed in greater detail below, network
devices can utilize these default channels in one embodi-
ment via switches located on each device set to one or more
particular default channels. For example, a CD player might
have its switches set for “Audio Channel 0” by default,
though a user could set these switches to “Audio Channel 17
accommodate other audio sources (c.g., the audio from a
laserdisc player).

Moreover, in this embodiment, network devices also have
on-board memory (e.g., registers), the contents of which can
be set dynamically (e.g., by another network device) to
override the channel(s) indicated by the switches. The
manner in which this dynamic data stream channel alloca-
tion is performed is discussed in greater detail below.

As noted above (and discussed in greater detail below),
certain users may require additional bandwidth beyond that
provided by the default data stream channel assignments.
For example, a user may desire a third simultaneous MPEG2
channel, so that three people in the house can watch different
video programs simultaneously.

Dynamic data stream channel allocation may be sufficient
to solve such a problem, e.g., adding a third simultaneous
MPEG2 channel by utilizing one of the unused miscella-
neous channels. If more simultaneous channels were
required than could be obtained via dynamic reallocation of
channels, then a switching router could be added to segment
the logical ring network into distinct arms, each of which has
a delay (in this embodiment) of exactly 22.676 us (1/44.1
kHz). Alternatively, network devices with transceivers using
5-level coding or other modulation techniques also could be
added to the logical ring network to increase bandwidth,
e.g., doubling the size of a frame by sending two data bits
(instead of one) during each clock period.

Moreover, the addition of a switching router might also be
desirable in the unlikely event that the number of network
devices (e.g., more than about 100) creates a cumulative
frame propagation delay exceeding 22.676 us (1/44.1 kHz).
These and other solutions to the need for increased network
bandwidth are discussed in greater detail below.
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In addition to typical real-time continuous data streams,
such as digital audio and video streams, one also can embed
synchronous data (e.g., serial data, TCP/IP packets, com-
pressed MPEG1 or MPEG2 video, ctc.) into data stream
channels, as will be explained in greater detail below. Such
asynchronous data, though distributed among network
devices synchronously (and thus without network
collisions), can be processed by those devices on the logical
ring network that are capable of interpreting such data types.
Other network devices merely “pass on” such data, as they
would other digital media streams in which they were not
interest. As will be explained below, such data may not even
occupy an entire nibble every frame (due to lesser band-
width requirements), and may therefore be interleaved with
other data (or “null” data), e.g., every nth frame.

Thus, the data stream provides multiple channels for
network devices to transmit to one another a variety of
different data types having differing bandwidth require-
ments. These channels enable network devices to utilize
precisely the amount of network bandwidth required by a
particular data type, with the ability to reallocate channels
dynamically (as will be discussed below) as these require-
ments change (e.g., as a user selects different source devices,
turns devices on or off, or adds/removes devices from the
logical ring network).

TABLE III
DEFAULT DATA STREAM CHANNEL ASSIGNMENTS
NIB- CHAN- DESCRIP-
BLE(S) MEDIATYPE NEL TION SIZE
0-1 Frame Header — — 1 byte/2 symbols
2-7 Audio 0 Left/ 16 bits/4 nibbles
LeftX 24-bit extension byte/
6 nibbles total
8 Phone 0 — 1 nibble
9 Phone 1 — 1 nibble
10-15 Audio 1 Left/ 16 bits/4 nibbles
LeftX 24-bit extension byte/
6 nibbles total
16 Phone 2 — 1 nibble
17 Phone 3 — 1 nibble
18-23  Audio 2 Left/ 16 bits/4 nibbles
LeftX 24-bit extension byte/
6 nibbles total
24 Asynch Net 0-7 — 1 nibble
25 Asynch Net 8-15 —_ 1 nibble
26-31  Audio 3 Left/ 16 bits/4 nibbles
LeftX 24-bit extension byte/
6 nibbles total
32-47 Video 0 — 8 bytes/16 nibbles
48—-63 Miscellaneous O — 8 bytes/16 nibbles
64—65  System — — 1 byte/2 symbols
Command Byte
66-71 Audio Right/ 16 bits/4 nibbles
RightX 24-bit extension byte/
6 nibbles total
72 Phone 4 — 1 nibble
73 Phone 5 — 1 nibble
74-79  Audio 1 Right/ 16 bits/4 nibbles
RightX 24-bit extension byte/
6 nibbles total
80 Phone 6 — 1 nibble
81 Phone 7 — 1 nibble
82-87  Audio 2 Right/ 16 bits/4 nibbles
RightX 24-bit extension byte/
6 nibbles total
88 Asynch Net 16-23 — nibble
89 Asynch Net 24-31 — 1 nibble
90-95 Audio 3 Right/ 16 bits/4 nibbles
RightX 24-bit extension byte/
6 nibbles total
96—111 Video 1 — 8 bytes/16 nibbles

LINKPLAY EXHIBIT 1004
Page 4632 of 4822



US 6,611,537 B1

35

TABLE III-continued

DEFAULT DATA STREAM CHANNEL ASSIGNMENTS

NIB- CHAN-
BLE(S) MEDIATYPE NEL

DESCRIP-

TION SIZE

112—
127

Miscellaneous 1

8 bytes/16 nibbles

f) System Command Stream

As noted above, the system command stream is used
primarily for initialization and configuration of devices on a
logical ring network. By propagating along the default
network path, the system command stream reaches every
network device. In one embodiment, the system command
stream consists of fixed-length 40-byte system commands
(formatted as illustrated in Table IV below), distributed over
40 frames, and thus occupying two nibbles (1 byte) per
frame.

In this embodiment, the first 2 nibbles of a system
command are interpreted as special “system command
header” markers, and the remaining 78 nibbles (39 bytes) are
interpreted as data. As shown in Table I above, the MSB of
the 5-bit “Translated Value” of each symbol determines
whether that symbol represents a special marker (MSB=1)
or data (MSB=0).

The system command header delimits system commands
within the system command stream and indicates whether
the current system command already is “in use” (i.e., con-
tains a system command already propagating along the
default network path) or is “empty” (i.e. free to be over-
written by the receiving network device). The two-symbol
“system command start” marker (“TR”) indicates that the
system command is in use, while the two-symbol “system
command empty” marker (“TU”) indicates an empty system
command.

If a network device desires to initiate a system command,
it waits for, and then overwrites, a system command empty
marker (TU) with a system command start marker (TR). It
then overwrites the subsequent 39 bytes in the system
command stream (i.e., 1 byte per frame) with the appropriate
data, as discussed below, filling unused portions of fields
with numeric “0”s. Network devices have sufficient time to
overwrite portions of a system command because, as noted
above, each network device imposes at least a one-frame
delay to process system commands. Thus, network devices
can modify system commands initiated by other network
devices, as well as initiate their own system commands
(although, as will become apparent below, there is no
requirement in this embodiment that network devices be
capable of initiating system commands).

Following the system command header is a one-byte
system command identifier. Like an opcode, this field dis-
tinguishes the various types of system commands described
below. The seven LSBs of this 8-bit field are used to identify
up to 127 different types of system commands
(“0x00-0x7E”), with the “Ox7F” value reserved for future
extensibility via “extended” system commands which could
be defined, for example, using part of the 20-byte “system
command data” field described below. The MSB of the
system command identifier (“age bit”) is used to mark or
“age” system commands so that they can be “removed” from
the logical ring network and their bandwidth reclaimed (as
is discussed in greater detail below).

Following the system command identifier field is an
8-byte network device “destination address” field. As will be
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explained below, each network device is identified in this
embodiment by a unique 64-bit address. The destination
address field indicates the intended target of the system
command. A destination address of all “0” s indicates a
“broadcast” destination address intended for all network
devices. Although system commands propagate to every
network device on the default network path, devices other
than the intended target need not process or perform the
system command. They merely “pass it on” to the next
device on the default network path.

Following the destination address field is an 8-byte net-
work device “source address” field which identifies the
network device that initiated the system command. This
enables network devices to communicate “privately” with
one another—e.g., responding to a system command by
placing the source address from the original system com-
mand in the destination address field of the responsive
system command.

Following the source address field is a 20-byte “system
command data” field which contains information specific to
each particular type of system command (as will be dis-
cussed below). As noted above, this field could also include
extended system command identifiers.

The next to last byte of a system command is the “status™
byte. Network devices set the LSB or “acknowledge” bit of
this byte in a received system command to acknowledge
receipt of the system command. Because system commands
propagate back to the network device that initiated them
before being removed, the initiating network device can
inspect the acknowledge bit and know whether the target
device received the system command. The “next-to-L.SB”
(i.e., bit 1) of the status byte is undefined in this embodi-
ment. As will be discussed below, most system commands
that are addressed directly to a network device (i.e., not
broadcast) require an acknowledgement.

The 6 MSBs of the status byte can be used by a network
device as a “sequence number” to track system commands
it initiates. This sequence number can be particularly useful
if a network device transmits a sequence of system com-
mands and the cumulative system command propagation
delay exceeds 40 frames (e.g., 80 or 120 frames). Rather
than having to “remember” (i.c., buffer) the entire sequence
or system commands it has initiated in order to detect an
error (c¢.g., a system command that is garbled during
transmission), the device can detect such an error merely by
detecting a gap in the order of the sequence numbers as it
receives its own system commands (e.g. 1, 2, 3, 5,
6-indicating that the 4 system command it initiated was
somehow corrupted while propagating along the default
network path). In addition, sequence numbers can be used
by both the sender and recipient to distinguish otherwise
identical system commands.

The final byte of a system command is the “checksum”
byte, which contains an error detection checksum reflecting
the other 39 bytes of the system command. Upon receiving
a system command (even an empty system command), a
network device can regenerate the checksum from the first
39 bytes of that system command, and compare that gener-
ated checksum to the received checksum byte (as shown
below) to detect certain errors, such as an accidentally
“flipped bit” during transmission.

In one embodiment, the network device only performs the
system command after receiving it in its entirety and veri-
fying it via its checksum byte. If the checksum byte does not
match the generated checksum, then the device does not
perform the system command. By that time, however, the
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device already may have passed on (and perhaps modified)
many bytes of the system command.

In this embodiment, if the network device does not
modify any portion of the system command, then it merely
passes the entire system command (including the checksum
byte, “matching” or not) onto the next network device on the
logical ring network. That next device will thus generate the
same matching or non-matching checksum, and act in a
similar manner.

If, however, the network device modifies any portion of
the system command (e.g., to initiate its own system
command, acknowledge a system command initiated by
another network device, etc.), then the device computes and
transmits its own checksum byte, reflecting the other 39
(somewhat modified) bytes of the system command trans-
mitted to the next device on the logical ring network. Yet, if
the checksum byte of the received system command does
not match the checksum generated from the other 39 bytes
as received, then the device instead transmits the “one’s
complement” (i.e., logical complement of each bit) of that
computed checksum byte. This virtually guarantees that the
next device will receive a bad (non-matching) checksum and
ignore the modified system command. Following is one
embodiment of such a checksum algorithm.

To verify a received system command, a network device
first concatenates each pair of 4-bit data nibbles it receives
(after checking and stripping off the MSB of the 5-bit
Translated Values of the received symbols as shown in Table
I), with the first nibble received being the most significant
nibble. For special markers such as the “System Command
Start” and “System Command Empty” markers, the device
checks and strips off the MSBs of the 5-bit Translated Values
of each received symbol to create 4-bit values before con-
catenating them together.

The device uses these 8-bit values to regenerate a check-
sum to compare to the received checksum byte, by perform-
ing a cumulative “bytewise” addition (8-bit addition with no
carry beyond the MSB) of the first 39 of these 8-bit values
of the system command received, beginning with the system
command header. It then extracts the received checksum
byte as data—i.e., by stripping off the MSB (“0”) from the
5-bit Translated Values of each of the 2 received nibbles of
the received checksum byte, and concatenating them
together into an 8-bit extracted checksum with the first
nibble received being the most significant nibble. Finally,
the device compares the 8-bit regenerated checksum to this
8-bit extracted checksum. Only an exact match constitutes a
validly received system command.

To compute a checksum byte to transmit as part of a
modified system command, the device concatenates pairs of
4-bit data nibbles (or the least significant 4 bits of the 5-bit
Translated Value of each special marker symbol) derived
from the (somewhat modified) data/markers, prior to further
encoding/translating them into 5-bit symbols for transmis-
sion to the next device on the logical ring network. The
device computes a checksum, as above, by performing a
cumulative “bytewise” addition (8-bit addition with no carry
beyond the MSB) of the first 39 of these 8-bit values of the
system command to be transmitted, again beginning with the
system command header.

As noted above, however, if the received system com-
mand was not valid (due to a non-matching received check-
sum byte), the device logically complements this computed
checksum byte (i.e., inverts all 8 bits) for the purpose of
propagating a “bad” checksum to the next device on the
logical ring network, indicating that the system command
cannot be trusted.
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At this point, whether or not the received system com-
mand was valid, the device transforms this 8-bit computed
(and possibly inverted) checksum into two distinct 5-bit
Translated Values by prepending a “0” to the MSB of the
most significant 4-bit nibble of the 8-bit computed checksum
(to form the first 5-bit Translated Value of the new checksum
byte), and prepending a “0” to the MSB of the least
significant 4-bit nibble of the 8-bit computed checksum (to
form the second 5-bit Translated Value of the new checksum
byte). Finally, the device transmits this new checksum byte
by encoding these two distinct 5-bit Translated Values into
symbols for transmission to the next device on the logical
ring network.

TABLE IV

SYSTEM COMMAND FORMAT

FIELD SIZE DESCRIPTION

S 1 byte/2 symbols System Command Header
“System Command Start” (TR)
and

“System Command Empty” (TU)
markers

System Command identifier
(MSB is the age bit)

Destination address

CMD 1 byte/2 nibbles

Destination ID 8 bytes/16 nibbles

Source ID 8 bytes/16 nibbles Source address

System 20 bytes/40 nibbles System Command-specific

Command information

Data

Status 1 byte/2 nibbles Sequence Number,
Acknowledge, etc.

Checksum 1 byte/2 nibbles Error detection checksum

Table V below illustrates one embodiment of a set of
system commands. Assuming a 44.1 kHz frame rate along
the default network path, the system command stream
includes approximately 1100 of these 40-byte system com-
mands per second. By supporting over 1000 system com-
mands per second, the logical ring network can be reintial-
ized and/or reconfigured in less than a second, as will be
discussed below, even as the number of network devices
increases substantially and devices such as switching routers
are added to increase network bandwith for the data stream.
If network devices need to send custom commands to one
another, or simply need additional command bandwidth,
they can embed such commands in the data stream, as
discussed below.

It should be noted that, because every network device
receives these system commands, the NRZ bi-level coding
scheme is used for transmission of the system command
stream. For example (as discussed in greater detail below),
certain network devices might utilize 5-level coding or other
advanced modulation techniques to increase network band-
width for the data stream. Such portions of the data stream
might propagate along an alternate “shortcut” path instead of
the default network path, and might encounter only network
devices capable of interpreting data transmitted via these
advanced modulation techniques. The system command
stream, however, propagates to every network device, and
thus is transmitted via NRZ bi-level coding—the “lowest
common denominator” modulation technique.

In one embodiment, the network clock device initiates a
stream (over the course of 40 frames) of 40-byte empty
system commands which propagate along the default net-
work path. Following the system command empty marker,
the network clock device transmits 38 bytes of numeric “0”’s
and a correct checksum byte (as described above).

LINKPLAY EXHIBIT 1004
Page 4634 of 4822



US 6,611,537 B1

39

As noted above, another device receiving one of these
empty system commands can initiate a system command by
modifying the system command header—i.e., overwriting
the system command empty marker with a system command
start marker. Because each device delays the system com-
mand stream by buffering system commands (typically for at
least a few 44.1 kHz frame times), the network clock device
must, as noted above, “round up” the cumulative system
command propagation delay to an integral multiple of 40 of
these 44.1 kHz frame times to prevent system commands
from overlapping one another and becoming corrupted.

The network clock device also is responsible in this
embodiment for “aging” and removing system commands,
as noted above. Upon receiving a non-empty system
command, the network clock device can set its age bit (the
MSB of the system command identifier) and wait for that
system command to propagate around the default network
path of the logical ring network. Upon receiving any system
command with its age bit set, the network clock device can
remove that system command (which every network device,
including the device that initiated the system command, has
had an opportunity to process) by changing its system
command start marker to a system command empty marker,
and thereby creating another empty system command which
other network devices can then overwrite to initiate their
own system command.

The network clock device also ages and removes system
commands with a bad (non-matching) checksum byte. The
network clock device does not age empty system com-
mands; though it does recreate them to avoid retaining any
transmission errors.

The network clock device also does not need to age
system commands which it initiates. Instead of setting the
age bit, it may simply recognize its own system command
(by its source address) after it propagates around the default
network path of the logical ring network, and then remove
that system command as described above. Other network
devices also can remove their own system commands in this
manner, thereby promoting “fairness” in that empty system
commands will not be so readily available only to devices
closely following the network clock device along the default
network path. In addition, overall system command through-
put is increased because system commands are removed
from the network more quickly; and replaced with empty
system commands.

In order to remove its own system commands, however,
devices must buffer some portion of each received system
command to determine whether it should be removed,
thereby increasing system command latency. In one
embodiment, 20 bytes are buffered, so that the device can
identify its own system command via the Source ID field.
The system command also will be removed, upon detecting
a bad checksum byte, even if the Source ID field match was
due to a transmission error.

As a result, system commands are delayed for 20 (44.1
kHz) frames when propagating through such devices (and
even longer for the network clock device, which buffers an
entire 40-byte system command and rounds up the cumu-
lative system command propagation delay to an integral
multiple of 40 frames).

In any event, a system command initiated by a network
device will return to that network device before being
removed (by the device itself or by the network clock
device). That network device thus has an opportunity to
recover data (e.g., an acknowledge bit or the location of
device-specific data) which was “embedded” into the system
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command by the target/destination device to which the
system command was addressed. Network devices embed
such data by overwriting the relevant field(s) of the system
command, padding any unused data nibbles of such fields
(or entire unused fields) with numeric “0”s, and generating
a new checksum.

In this manner, most network devices can be relatively
“dumb”—i.e., capable only of responding to system com-
mands (important for significant purposes, such as network
initialization and/or device configuration), but not necessar-
ily capable of initiating system commands or handling
complex communications protocols. As smarter “system
controllers” with CPUs are added to the network, these
“smart” devices can reconfigure “dumb” devices by reading/
executing their device drivers (stored, for example, in
on-board memory) and reading/writing their on-board
registers, as discussed below.

Illustrated in Table V below is one embodiment of a set of
system commands. As noted above, these system commands
are used primarily for initialization and/or configuration of
network devices. Each of these system commands is
explained in greater detail below in the context of the
operation of the logical ring network.

Briefly, the MASTER RESET, CLOCK ID, SCAN
RESET, SCAN REQUEST, SCAN REPLY and SCAN INI-
TIATE system commands are used to reset and initialize
network devices. Network devices (if capable) can commu-
nicate with one another, and read/write one another’s
device-specific information via the MESSAGE, READ,
WRITE, SET and GET system commands. Data stream
channels can be reallocated and controlled via the TALK
ASSIGN, TALK QUERY, LISTEN ASSIGN, LISTEN
QUERY, START STREAMS, STOP STREAMS, and
QUERY STREAMS system commands. Network devices
can utilize the PLL LOCK system command to synchronize
to external information transmitted at reference frequencies
that differ from the logical ring network frequency (e.g., data
bit rate). The network clock device transmits the “time of
day” periodically via the TIME MARK system command
and WK Time Sync frame header marker. Finally, this set of
system commands can be extended with additional system
commands via the EXTENDED system command field
identifier.

TABLE V
SYSTEM COMMANDS
SYSTEM
COMMAND CONTENTS PURPOSE
MASTER 1 TR Used to perform a reset of
RESET 2 0x01 individual or all network
3-10 Destination ID* devices. Upon being reset,
11-18 Source ID devices return to their
19-39 Zeros “default”state, without the
40 CHECKSUM need for a subsequent network
clock device arbitration and
logical ring
network topology scan.
CLOCK ID 1 TR Upon being reset (in response
2 0x02 to power up, detection of an
3-10 Broadcast ID error condition or a MASTER
11-18 CLK Device ID RESET system command),
19-39 Zeros “clock-capable” network
40 CHECKSUM devices repeatedly broadcast
CLOCK ID system commands
with their own Device ID

source address (ignoring
received CLOCK ID system
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TABLE V-continued

SYSTEM COMMANDS

SYSTEM COMMANDS

SYSTEM 5 SYSTEM
COMMAND CONTENTS PURPOSE COMMAND CONTENTS PURPOSE
commands having a lower devices to enable interested
Device ID) until they network devices to discern the
receive a CLOCK ID system logical ring network topology.
command having a higher 10 MESSAGE 1 TR Used to send events and other
Device ID (indicating they 2 0x07 information (in a predefined
will not become the network 3-10 Destination ID* “message data” format) to
clock device) or a CLOCK ID 11-18 Source ID which interested devices can
system command with their 19-32 Message Data respond. The Timestamp
own Device ID (indicating 33-38 Timestamp** indicates, for example, when
they will become the 15 39 ACK an event occurred or
network clock device). 40 CHECKSUM will/should occur.
SCAN 1 TR Upon becoming the network SET 1 TR Used to write values (up to
RESET 2 0x03 clock device (or subsequently 2 0x08 single-byte registers in one
3-10 Broadcast ID receiving a SCAN INITIATE 3-10 Destination ID  embodiment) in the local /O
11-18 CLK Device ID system command), the 11-18 Source ID address space of a network
19-39 Zeros network clock device 19-21 I/O Address device. The locations and
40 CHECKSUM performs a “soft”reset 20 22 Length functions of these “registers”
(scan) of network 23-32 Sent Data are documented in the
devices by broadcasting a 33-38 Timestamp** configuration and code control
SCAN RESET system 39 ACK block in the local memory
command to notify every 40 CHECKSUM address space of each network
network device that it should device, and can be read via a
respond to the next SCAN 25 READ system command. The
REQUEST system command Timestamp, if supported by a
it receives destination network device,
SCAN 1 TR After sending a SCAN can be used to queue the
REQUEST 2 0x04 RESET system command, the actual write until the
3-10 CLK Device ID network clock device designated time.
11-18 CLK Device ID repeatedly sends SCAN 30 GET 1 TR Used to read values (up to 16
19-22 Zeros REQUEST system commands 2 0x09 single-byte registers in one
23-36 Returned Data (listing itself as the 3-10 Destination ID  embodiment) from the local
Stream “destination”) until it receives 11-18 Source ID I/O address space of a
37-38 Zeros one of these system 19-21 I/O Address network device. The locations
39 ACK commands unmodified 22 Length and functions of these
40 CHECKSUM (indicating that all 35 23-38 Returned Data “registers™ are documented
network devices have 39 ACK in the configuration and code
received/modified one of 40 CHECKSUM control block in the local
these system commands). memory address space of each
Each network device network device, and can be
overwrites the first (and only read via a READ system
the first) SCAN REQUEST 40 command.
system command it receives WRITE 1 TR Used to write values to the
by changing the SCAN 2 0x0A local memory address space
REQUEST system command 3-10 Destination ID  of a network device. The local
identifier field to a SCAN 11-18 Source ID memory address space of a
REPLY (now destined for the 19-21 Start Location device can address on-board
network clock device), 22 Length ROM (which of course cannot
embedding in the system 45 23-38 Sent Data be written), RAM or
command data field its Device 39 ACK peripheral registers, and can
ID and the location and length 40 CHECKSUM contain the Device ID (in
of its device-specific ROM), configuration and
configuration and code control code control block and other
block (stored in its local information for the device.
memory address space), and 50 READ 1 TR Used to read values from the
setting the acknowledge bit 2 0x0OB local memory address space
of the status byte. 3-10 Destination ID  of a network device. The
SCAN 1 TR Created when each network 11-18 Source ID local memory address space
REPLY 2 0x05 device modifies a SCAN 19-21 Start Location of a device can address
3-10 CLK Device ID/ REQUEST system command, 22 length on-board ROM; RAM or
Broadcast ID and then modified by the 55 23-38 Returned Data peripheral registers, and
11-18 CLK Device ID network clock device which 39 ACK can contain the Device ID
19-22 Zeros broadcasts each of these 40 CHECKSUM (in ROM), configuration and
23-36 Returned Data modified SCAN REPLY code control block and other
Stream system commands so that information for the device.
37-38 Zeros interested network devices TALK 1 TR Used (e.g., by a “smart”
39 ACK can discern the logical ring 60 ASSIGN 2 0x0C system controller device) to
40 CHECKSUM network topology. 3-10 Destination ID  assign a data stream
SCAN 1 TR Used by a network device 11-18 Source ID “transmit™ channel
INITIATE 2 0x06 (e.g., a hot pluggable smart 19-20 Zeros to a network device by
3-10 Broadcast ID jack upon insertion or removal 21 Media Stream ID associating individual
11-18 Source ID of a network device) to cause 22 Bank “network nibble streams”
19-38 Zeros network clock device to 23-38 Transmit Enable of the data stream (identified
39 ACK initiate a “soft” 65 Mask via the Transmit Enable Mask
40 CHECKSUM reset (scan) of network 39 ACK and Bank fields) with one of
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TABLE V-continued

SYSTEM COMMANDS

SYSTEM COMMANDS

SYSTEM 5 SYSTEM
COMMAND CONTENTS PURPOSE COMMAND CONTENTS PURPOSE
40 CHECKSUM the device’s “transmit media 31-32 Zeros whichever “network nibble
streams” (identified via the 33-38 Timestamp** streams” of the data stream
Media Stream ID field). 39 ACK are currently associated with
TALK 1 TR Used (e.g., by a “smart” 10 40 CHECKSUM specified ones of the device’s
QUERY 2 0x0D system controller device) to “transmit media streams”
3-10 Destination ID  query a network device to (specified via the Mask
11-18 Source ID determine, for a specified one Number and OUT Stream
1920 Zeros of the device’s “transmit Mask fields) and specified
21 Media Stream ID media streams” (identified ones of the device’s “receive
22 Bank via the Media Stream ID 15 media streams™ (specified via
23-38 Returned field), which individual the Mask Number and IN
Transmit “network nibble streams” of Stream Mask fields).
Enable Mask the data stream (identified via QUERY 1 TR Used (e.g., by a “smart™
39 ACK the Returned Transmit Enable STREAMS 2 0x12 system controller device prior
40 CHECKSUM Mask and Bank fields) are 3-10 Destination ID  to initiating a STOP
currently associated with that 20 11-18 Source ID STREAMS system command
“transmit media stream”. 19-21 Zeros and reallocating data stream
LISTEN 1 TR Used (e.g., by a “smart” 22 Mask Number channels) to query a network
ASSIGN 2 0xOE system controller device) to 23-26 IN Stream Mask device to determine, from
3-10 Destination ID  assign a data stream “receive” 27-30 OUT Stream among specified ones
11-18 Source ID channel to a network device Mask of the device’s
19-20 Zeros by associating individual 31-38 Zeros “transmit media
21 Media Stream ID “network nibble streams” 25 39 ACK streams” and “receive media
22 Bank of the data stream (identified 40 CHECKSUM streams” (identified via the
23-38 Receive Enable via the Receive Enable Mask Mask Number field), on
Mask and Bank fields) with one of which of those transmit media
39 ACK the device’s “receive media streams (identified via the
40 CHECKSUM streams™ (identified via OUT Stream Mask field) and
the Media Stream ID field). 30 receive media streams
LISTEN 1 TR Used (e.g., by a “smart™ (identified via the IN
QUERY 2 0xOF system controller device) to Stream Mask field) a network
3-10 Destination ID  query a network device to device currently is
11-18 Source ID determine, for a specified transmitting/receiving data.
19-20 Zeros one of the device’s TIME 1 TR Broadcast by the network
21 Media Stream ID “receive media streams” 35 MARK 2 0x13 clock device to announce that
22 Bank (identified via the Media 3-10 Broadcast ID the next Time Sync frame
23-38 Returned Receive Stream ID field), which 11 —18 CLK Device ID header (“WK,”
Enable Mask individual “network nibble 19-32 Zeros transmitted periodically in lieu
39 ACK streams™ of the data stream 33-38 Timestamp** of the “JK” Clock Sync frame
40 CHECKSUM (identified via the Returned 39 ACK header) it transmits will mark
Receive Enable Mask and 40 40 CHECKSUM the exact time of day specified
Bank fields) are currently in the Timestamp field of this
associated with that “receive TIME MARK system
media stream”. command.
START 1 TR Used (e.g., by a “smart™ PLL LOCK 1 TR Used by a network device to
STREAMS 2 0x10 system controller device after 2 0x14 synchronize to another
3-10 Destination ID* reallocating data stream 3-10 Destination ID* network device at a reference
11-18 Source ID channels) to signal one or 45 11-18 Source ID frequency that differs from
19-21 Zeros more network devices to start 19-20 Zeros the logical ring network
22 Mask Number transmitting/receiving data (at 21 PLL Number frequency. The source device
23-26 IN Stream Mask the time specified via the 22 Zero calculates and transmits to the
27-30 OUT Stream Timestamp field) on 23-30 Phase Error destination device(s) an
Mask whichever “network 31-32 Zeros identifying PLL Number and
31-32 Zeros nibble streams™ of the 50 33-38 Timestamp** a “phase error” (via the Phase
33-38 Timestamp** data stream are currently 39 ACK Error field) based on the
39 ACK associated with specified ones 40 CHECKSUM difference between the
40 CHECKSUM of the device’s “transmit reference and network
media streams™ (specified frequencies. The destination
via the Mask Number and device(s) calculate an
OUT Stream Mask fields) and 55 analogous “phase error”
specified ones of the device’s using a free-running clock
“receive media streams” which is phase-locked over
(specified via the Mask the network to the reference
Number and IN Stream Mask frequency based on the
fields). difference between the
STOP 1 TR Used (e.g., by a “smart” 60 transmitted and calculated
STREAMS 2 0x11 system controller device phase errors. A Timestamp
3-10 Destination ID* following a sequence of can be used, along with the
11-19 Source ID QUERY STREAMS system phase error, to synchronize
19-21 Zeros commands) to signal one or external devices not on
22 Mask Number more network devices to stop the logical ring network.
23-26 IN Stream Mask transmitting/receiving data (at EXTENDED 1 TR Used to extend the system
27-30 OUT Stream the time specified via the 65 2 Ox7F command set (using the
Mask Timestamp field) on 3-10 Destination ID* system command data field
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TABLE V-continued

SYSTEM COMMANDS

SYSTEM

COMMAND CONTENTS PURPOSE

11-18 Source ID
9-39 Extended CMD
ID and Data
40 CHECKSUM

for the extended system
command identifier codes as
well as system command-
specific data) after exhausting
the available system command
identifier codes in the

system command ID field.

*The Destination ID of 0x0000000000000000 is the broadcast address.
**The first three bytes of a Timestamp respectively represent hours, min-
utes and seconds in binary coded decimal (BCD) format. The next two
bytes represent further “sub-second” resolution via an unsigned binary
frame count, and the final byte represents still further “sub-frame” resolu-
tion via an unsigned binary sub-frame count. A Timestamp value of
OxFFFFFFFFFFFF is used to indicate immediate action (e.g., when broad-
casting a system command to network devices only some of which sup-
port timestamps).

g) Device Identification, Addressing and Security

(1) Device ID

As noted above, in one embodiment, every network
device is identified by a unique 64-bit (8 byte) “Device ID.”
Conflicts among these Device IDs can be avoided by cen-
tralizing their issuance within a single operation. Thus,
every network device ever manufactured can be uniquely
identified. By accommodating a virtually unlimited number
of network devices, logical ring networks can be intercon-
nected without device conflict across homes, vehicles,
buildings, and companies throughout the world.

A network device’s Device ID is used in the Destination
ID and Source ID “address” fields of system commands, and
can be discerned by capable network devices during network
initialization and used to access a device’s local memory
address space (discussed below). In addition, as will be
explained below, the Device ID is used during network
initialization to elect the network clock device—i.e., the
competing device with the greatest Device ID value. One
embodiment of the Device ID format is specified in Table VI
below. In this embodiment, only the “Switch” field can be
modified.

The Switch field, which occupies the initial (most
significant) three bits of the Device ID, can be used to
“force” the election of a device as the network clock device.
The Switch field is set by default to all “0”s, but can be
modified via a switch on the network device itself, or
programmed dynamically by another network device. A user
might, for example, set the Switch field of a particular
network device to “010” (using a switch on the device itself)
to force a medium priority which likely will cause that
device to become the network clock device during network
initialization (because the user probably will not set any
switches on other devices).

Following the Switch field is a 5-bit “Network Revision”
field that indicates whether the device is capable of becom-
ing the network clock device and, if so, also identifies the
version of the logical ring network for which this potential
network clock device was manufactured. In this
embodiment, the network version will be used for electing
the network clock device during network initialization, with
greater numbers indicating a more recent network protocol.
This ensures that the network device capable of using the
most recent clock protocol will be elected as the network
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clock device (unless overridden via the Switch field). A
Network Revision field value of “00000” indicates that the
device is not capable of becoming the network clock device.

In one embodiment (discussed below), the clock protocol
would require “clock-capable” devices to initialize and
auto-configure the logical ring network, and broadcast the
“time of day” periodically (e.g., once per minute) via the
TIME MARK system command and Time Sync (“WK”)
frame header. More advanced protocols could require sup-
port for initializing network devices capable of transmitting/
receiving information on multiple different paths, as well as
direct support for hot-pluggable smart jacks and switching
routers (as will be discussed in greater detail below).

The final field of the Device ID is a 56-bit “Serial
Number” which uniquely identifies and distinguishes net-
work devices from one another. The number of distinct
combinations is sufficiently large to guarantee, as a practical
matter, that no two network devices ever will conflict with
each other. In other words, it is unlikely that the number of
network devices (or, for that matter, any article of
manufacture) produced worldwide will ever exceed 2°°.

TABLE VI
DEVICE ID FORMAT

FIELD SIZE  DESCRIPTION
Switch 3 bits Programmable/switchable field for overriding

priority (e.g., for network clock arbitration)
Network 5 bits Identifier of clock capability and network version
Revision (e.g., for resolving version compatibility)
Serial 56 bits Device unique identifier: 2°° combinations
Number

(2) Local Memory and I/O Address Space

In one embodiment, each network device has at least
some memory, addressable via READ and WRITE system
commands. This area of memory, referred to as the device’s
“local memory address space,” can include RAM and
peripheral registers as well as ROM. In addition, a network
device also may have a “local I/O address space,” e.g., a set
of physical registers for storing I/O information relating to
network device peripheral hardware.

In one embodiment, the local memory address space of a
network device is 24 bits wide and is byte-addressable.
Network devices stored their Device ID (8 bytes) in ROM,
typically along with a “pointer” (e.g., 3-byte starting loca-
tion and 3-byte length) to their configuration and code
control block. This on-board information can, of course,
contain virtually any type and format of information (e.g.,
interpretive bytecodes, URLs, etc.) which other devices,
such as a “smart” CPU-based controller, can interpret.

Devices embed this information into SCAN REPLY sys-
tem commands during network initialization (as explained
below). Other interested devices can read this information
for subsequent use in communicating directly with a par-
ticular device and/or obtaining additional information about
a device from an external resource (e.g., the Internet via a
URL “pointer”). For example, having discerned another
device’s Device ID and “pointer” from a SCAN REPLY
system command, a “smart” controller could read informa-
tion from that device’s variable-length configuration and
code control block (perhaps containing that device’s
capabilities) by initiating a READ system command.

Network devices thus can communicate directly with one
another (via their Device IDs), and can send “messages” via
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the Message Data field of the MESSAGE system command.
Such messages also can include a timestamp (in the Times-
tamp field) to indicate, for example, the precise “time of
day” when an event (contained in the message) occurred or
will/should occur. For example, one device could tell
another device when to turn itself off.

Using these mechanisms, relatively “dumb” devices (even
though incapable of initiating system commands) can be
configured, for example, by a “smart” controller device that
modifies configuration data in the configuration and control
block of the “dumb” network device via READ and WRITE
system commands.

The configuration and code control block of a network
device could include information such as a machine-
independent (e.g., interpreted bytecode written in Java,
Smalltalk, etc.) device driver which a “smart” system con-
troller could access and then execute on behalf of the
“dumb” network device. It could also include a version
number, as well as a pointer to a location (e.g., an Internet
URL or BBS phone number) where a current version of this
device driver can be found.

In one embodiment, a genetic URL could be employed to
point to the location of the device driver either at an Internet
address (e.g., “http://www.vendor.com/driverloc”) or at an
address within the device’s local memory address space
(e.g., “deviceaddress://deviceloc/driverloc”). Other similar
pointers could be used for a variety of purposes, such as
defining a device’s user interface or enabling a user to sign
up for selected services. A pointer to device vendor
information, such as warranty registration data, could even
be used to register a network device automatically—even a
“dumb” device whose warranty data could be registered by
a “smart” system controller.

Encryption codes also could be included to ensure that
digital media on the logical ring network could only be
accessed by “authorized” network devices. These codes
might, for example, be accessible only to authorized
television/monitor network devices.

If the network device also includes a local I/O address
space containing, for example, byte-addressable “registers”,
the location and function of these registers could be identi-
fied in the configuration and code control block. These
registers could contain configuration information, for
example, relating to network device peripheral hardware. A
“smart” system controller could initiate GET and SET
system commands to read/write these registers.

As will be apparent to one reasonably skilled in the art,
many different data structures (e.g., a linked list of objects)
and combinations of RAM/ROM/registers can be employed
to accommodate the various types of data contained within
the configuration and code control block, as well as any
other information stored in a network device’s local memory
and I/O address space, including “pointers” to external
information.

3. Synchronous Logical Ring Network in Operation

a) Network Initialization and Auto-Configuration

In one embodiment, the initialization and auto-
configuration of a logical ring network involves what is
essentially a two-step process: (1) network clock device
arbitration (to synchronize network devices to a single
network clock device) and (2) logical ring network topology
scan (to establish the default network plan and enable
interested network devices to discern the network topology).
As will become apparent, this entire process can be com-
pleted in less than one second for typical logical ring
networks.
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Should one desire to avoid any interruption of the data
stream (e.g., to avoid even a short “glitch” in a song,
television program or telephone conversation) whenever a
new network device is added or removed, one can daisy-
chain network devices to hot-pluggable smart jacks. When
such network devices are added or removed, the hot-
pluggable smart jack will, in effect, isolate the rest of the
logical ring network, leaving the data stream intact. As noted
above, the data stream can operate independently from the
system command stream provided that network devices
remain synchronized to the network clock device. A hot-
pluggable smart jack maintains this synchronization (as will
be explained in greater detail below) by maintaining a
consistent cumulative device delay among network devices
daisy-chained to that jack, even as such network devices are
added or removed. Such jacks thereby avoid the need for
another network clock device arbitration, though they will
send a SCAN INITIATE system command to cause the
network clock device to initiate a logical ring network
topology scan to make interested network devices aware of
the newly added or removed device(s).

A logical ring network is first initialized when the first
“clock-capable” network device is added to the network, and
is reinitialized during normal operation whenever a CLOCK
ID system command is broadcast (e.g., in response to
detection of an error condition, as described below). To
initialize a logical ring network, all “clock-capable” network
devices arbitrate to be elected as the network clock device to
which all other network devices will be synchronized.
Following network initialization is an auto-configuration
process, managed by the network clock device, during
which devices on the logical ring network are scanned to
establish the network topology—i.e., the default network
path and other paths along which information propagates
from device to device on a logical ring network.

At this point, the logical ring network begins “normal
operation”—i.e., network devices transmit digital media and
other data to one another via the data stream while sending
system commands via the system command stream. Though
not required, if one or more “smart” system controller
devices are present on the network, they can further con-
figure network devices and enhance the functionality and
effective bandwidth of the logical ring network in various
ways (discussed in greater detail below)—e.g., enabling the
functionality of hot-pluggable jacks and switching routers
by redistributing network propagation delays among such
devices, initializing user interfaces, causing device drivers to
be executed, reallocating default data stream channels, and
so forth.

In one embodiment, illustrated in FIG. 8, cach network
device is “reset” 1002 when it is powered on, and whatever
it receives a CLOCK ID system command during normal
operation. Upon being reset, network devices act differently,
depending upon whether they are capable of becoming the
network clock device.

A network device also can be “reset” upon receiving a
MASTER RESET system command (not shown); though, in
this embodiment, such a system command will not result in
a reinitialization of the logical ring network. Instead, the
device might merely reinitialize certain internal state infor-
mation and registers, if any, and resort to a default allocation
of its media streams (e.g., based upon its most recent stream
allocation settings, or its default switch settings, discussed in
greater detail below in connection with the default data
stream channel allocation).

To initiate the network clock device arbitration process,
ecach “clock-capable” network device immediately broad-
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casts repeated CLOCK ID system commands (with its own
Device ID in the source address field) 1004. Because the
logical ring network is not yet synchronized to a network
clock device, each such device ignores all received infor-
mation other than CLOCK ID system commands (i.e.,
resynchronizing to each received frame header). Upon
receiving a CLOCK ID system command, it compares the
received “source” Device ID with its own Device ID 1006.
The “clock-capable” network device having the highest
Device ID will win the arbitration. As will become apparent,
this arbitration process will be decided very quickly—i.e., in
a single “revolution” of a system command around the
default network path of the logical ring network.

If the received Device ID is lower than its own Device ID,
it is ignored (i.e., that CLOCK ID system command is not
propagated to the next device on the logical ring network)
because the “clock-capable” network device having that
lower Device ID has already lost its bid to become the
network clock device. It thus continues to broadcast
CLOCK ID system commands with its own Device ID 1004
until the source Device ID of a received CLOCK ID system
command either is:

(1) greater than its own Device ID, in which case it “loses”
the arbitration, disables its “clock-capable” functional-
ity and effectively becomes a “non-clock-capable” net-
work device 1010 until the next reset, or

(i) is equal to its own Device ID, in which case it “wins”
the arbitration and becomes the network clock device
1012 (i.e., because its Device ID is greater than that of
all other devices, and thus propagated completely
around the logical ring network).

In the interim, other network devices (including “clock-
capable” network devices that have “lost” the network clock
device arbitration process) begin “normal operation”
1010—i.e., they propagate received frames, and thus system
commands (including CLOCK ID system commands initi-
ated by “clock-capable” network devices), to the next device
on the logical ring network until they received a SCAN
RESET system command. They do not yet, however, trans-
mit data on the data stream. The network clock device
broadcasts this SCAN RESET system command 1012 upon
winning the arbitration, effectively initiating the logical ring
network topology scan phase of the process (during which
data may be transmitted on the data stream).

It should be noted that, during the network clock device
arbitration phase, network devices do not stand actual data
on the data stream. Each network device instead waits (in
one embodiment) for a sufficient passage of time, indicating
likely completion of the network clock device arbitration
phase and logical ring network topology scan phase
(described below), before sending/receiving data (e.g., in
accordance with its default channels or the channels it most
recently used). If a smart controller device is present, such
device may dynamically reallocate the default channels
and/or enable particular streams following completion of the
logical ring network topology scan phase.

Once the network clock device wins the arbitration and
broadcasts a SCAN RESET system command, all other
network devices receive this system command and switch to
a “scan mode” (e.g., by setting a bit in an internal register)
1014 pursuant to which they will modify a subsequently
received SCAN REQUEST system command by converting
it into a SCAN REPLY system command, as explained
below. In all other respects, network devices continue nor-
mal operation (i.e., they continue to propagate received
frames to the next device on the logical ring network), and
may begin to send actual data on the data stream, e.g., once
a sufficient amount of time has elapsed.
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The network clock device, upon receiving its own SCAN
RESET system command (indicating that all other network
devices have seen this system command and switched to
their “scan mode”), effectively “broadcasts” repeated
(interleaving empty system commands, in one embodiment)
SCAN REQUEST system commands, embedding its own
Device ID in both the source and destination address fields
1016. Each network device, upon receiving one of these
SCAN REQUEST system commands 1018, (i) converts it to
a SCAN REPLY system command (by modifying the system
command identifier field), (ii) embeds device-specific infor-
mation (i.c., its Device ID and the location and length of its
configuration and code control block) into the system com-
mand data field, and (iii) switches from scan mode back to
its normal mode of operation (e.g., by resetting a bit in an
internal register) in which it ignores subsequent SCAN
REQUEST system commands, passing them on to the next
device on the logical ring network. The network device
remains in this normal mode of operation 1020 until it is
reset 1002 as above, or until it switches back into “scan
mode” 1014 upon receiving another SCAN RESET system
command.

The network clock device, upon receiving SCAN REPLY
system commands from each network device, ages and
rebroadcasts such system commands, enabling interested
devices to discern the logical ring network topology by
monitoring the device-specific information embedded in
such SCAN REPLY system commands. Upon receiving its
own unmodified SCAN REQUEST system command (e.g.,
the (n)th SCAN REQUEST system command for a network
of “n” devices), the network clock device converts it to a
SCAN REPLY system command and embeds its own
device-specific information 1021, and then begins “normal”
operation 1012, creating and transmitting frames (including
embedding “empty” system commands into the system
command stream) into which other network devices can
embed information, such as digital media streams and sys-
tem commands.

In one embodiment (not shown), the network clock device
creates and monitors sequence numbers in both the unaged
and aged/rebroadcast SCAN REPLY system commands it
receives. If a lost or garbled system command is detected
(e.g., if the sequence numbers are not received in order),
then the network clock device reinitiates another logical ring
network topology scan by transmitting a SCAN RESET
system command.

Upon completion of a successful logical ring network
topology scan, the network clock device resumes its normal
mode of operation until it (i) is reset 1002 as above; (ii)
receives a SCAN INITIATE system command (e.g., from a
hot-pluggable smart jack upon detecting the addition or
removal of a network device), causing it to reinitiate a
logical ring network topology scan 1012 by first broadcast-
ing a SCAN RESET system command as above; or (iii)
detects an error condition indicating a loss of network
synchronization (e.g., the loss of actual data or the lack of
expected frame headers), causing it to return to the network
clock device arbitration phase by broadcasting repeated
CLOCK ID system commands 1004 as above, which will
reset all other network devices. The manner in which the
network clock device detects error conditions indicating that
a network device has been added to or removed from the
network, or has malfunctioned or been turned on or off, is
discussed in greater detail below with respect to the clock
processing hardware of a logical ring network adapter.

Once the logical ring network is initialized and the
network topology scan has completed, “smart” system con-
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troller devices, for example, can further configure the net-
work. For example, a “smart” network clock device, upon
detecting the presence of switching routers and/or hot-
pluggable smart jacks, could redistribute the cumulative
frame propagation delay among such devices (e.g., by
writing device-specific registers via WRITE system
commands) to enable them to handle the addition and/or
removal of network devices without interrupting the data
stream. As will be discussed in greater detail below, main-
taining a consistent delay through such network devices
avoids the need for another network clock device arbitration,
which would disrupt the data stream. Upon detecting the
addition or removal of a network device, the hot-pluggable
smart jack or switching router could broadcast a SCAN
INITIATE system command (as discussed above) to enable
other network devices to discern the “new” network
topology, without disrupting the data stream.

A system controller also could load and execute device
drivers (obtained, for example, via READ system
commands) on behalf of particular network devices, as well
as dynamically reallocate data stream channels based upon
the types of devices currently present on the network (as
explained in greater detail below). For example, if three
MPEG2 video source devices (e.g., DVD players or DSS
receivers) are present on the network, and only two are
accommodated by the default allocation, a system controller
might be able to reallocate an unused data stream channel to
accommodate the additional MPEG?2 source. Moreover, a
system controller also could initialize user interfaces present
on remote control displays; televisions and other similar
devices.

Finally, in one embodiment of the current network clock
device protocol, the network clock device periodically
broadcasts a common “time of day” reference for interested
network devices. The network clock device might, for
example, transmit the “time of day” once every minute to
provide a common reference point for network devices
capable of tracking time and supporting time-based events.

In one embodiment, the network clock device transmits
this “time of day” reference by first broadcasting a TIME
MARK system command with the “time of day” specified in
the Timestamp field, which indicates to interested network
devices that such “time of day” will occur upon receipt of
the next “WK” frame header. At the appropriate time, the
network clock device then substitutes the Time Sync
(“WK?”) frame header (in lieu of the far more common Clock
Sync (“JK”) frame header) to “mark” the previously speci-
fied time of day.

It should be noted that this “time of day” is a very accurate
relative time marker. Although it is received at slightly
different times by network devices due to propagation delays
along the logical ring network, these relative time differ-
ences remain constant due to the synchronous nature of the
logical ring network. Moreover, in one embodiment, the
delay does not exceed one (44.1 kHz audio sample) frame
time. The “sub-frame” field of the Timestamp therefore is set
to zero in this embodiment.

b) Sending and Receiving Information over a Logical
Ring Network via the System Command Stream and Data
Stream Channels

Upon completion of the network clock device arbitration
and logical ring network topology scan process, network
devices begin (or perhaps continue) “normal” operation—
i.e., they transmit and receive data to/from one another via
the data stream. As noted above, if any “smart” system
controller devices are present on the network, they may
perform additional network device configuration, via the
system command stream, in parallel with the data stream.
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For example, such devices may utilize the MESSAGE,
READ, WRITE, SET and GET system commands to further
configure particular network devices and/or establish pro-
prietary protocols to communicate relatively small amounts
of information. Moreover, network devices that transmit and
receive MPEG?2 streams (or other streams clocked at an
external rate differing from the logical ring network rate)
may utilize the PLL. LOCK system command and associated
circuitry (as discussed in greater detail below) to create, in
effect, a “network phase-locked loop.” This network phase-
locked loop enables network devices to decode MPEG2
data, for example, at the MPEG2 external clock rate
(approximately 27 MHz).

Briefly, the MPEG2 data stream would be (i) received/
generated at the MPEG2 clock rate by a “source” device
(such as a DSS receiver or DVD player), (ii) transmitted at
the logical ring network data bit rate to a ‘“destination”
network device having an MPEG2 decoder (which could be
embedded into a “digital” television or connected to a
television via a traditional analog video cable); and (iii)
decoded at the MPEG2 clock rate by the MPEG2 decoder,
which contains a clock that is synchronized, via the “net-
work phase-locked loop,” to the reference MPEG2 clock
received/generated at the “source” device.

(1) Default Data Stream Channel Allocation

In normal operation, network devices can transmit and
receive information via the data stream even if no “smart”
network devices are present on the logical ring network. As
noted above, network devices can utilize a switch (e.g., a
physical slide, toggle or rotary switch, or RAM, EEROM,
etc.) setting to select from among multiple default data
stream channels. If “smart” network devices are present on
the network, they can override these default data stream
channels by reassigning their “network nibble streams”
dynamically, as explained below.

In one embodiment, network devices have up to 256 “IN
Device Media Streams” and 256 “OUT Device Media
Streams,” each of which can be associated with a set of
“network nibble streams”—i.e., nibbles (not necessarily
contiguous) from among the 128 available nibbles in each
“bank” of the data stream (less than four nibbles assigned to
the frame header and system command byte in the initial
bank—see Table III above). Multiple 128-nibble “banks™ of
the data stream may arise as additional network bandwidth
is made available—e.g., by employing bidirectional network
devices or advanced modulation techniques such as 5-level
coding (as will be discussed in greater detail below).

For example, a simple CD player network device might
not have any IN Device Media Streams, and have only two
OUT Device Media Streams, each associated (initially by
means of a switch setting) with a set of network nibble
streams corresponding to one of the default data stream
channel assignments (e.g., Audio Left Channel 1, occupying
nibbles 10-15, and Audio Right Channel 1, occupying
nibbles 74-79). During normal operation, the CD player
would transmit its digital audio stream by overwriting
nibbles 10-15 (left channel) and 74—79 (right channel) of
each frame. A simple speaker network device might have a
single IN Device Media Stream associated (e.g., via its
switch) with default Audio Left Channel 1 (nibbles 10-15)
to receive and play that “left channel” digital audio stream.
Another simple speaker network device could be associated
in an analogous manner with default Audio Right Channel 1
(nibbles 74-79) to receive and play the corresponding “right
channel” digital audio stream.

As each frame propagates around the default network path
(or alternate path) of the logic ring networks, the CD player
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