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prior to the update, determine whether the activity meets the social
influence weight upgrade criteria.

768. The apparatus of claim 766, wherein the instructions to update the user's
social influence profile based on the activity further comprises instructions to:

obtain social influence points associated with the activity; and
determine the social influence weight corresponding to the social influence
points.

769. The apparatus of claim 768, wherein the processor issues further
instructions to: obtain historical data corresponding to the user engagement in the
activity; and

adjust the social influence points based on the historical data.

770. The apparatus of claim 766, wherein the activity is at least one of: (i) playlist
creation; (ii) playlist sharing; (iii) media content rating; (iv) messaging; (v) posting; and
(vi) influencing a number of users to play, download or purchase one or more tracks.

771. The apparatus of claim 766, wherein the processor issues further instructions
to:

qualify the user for at least one promotional incentive based on the
updated social influence profile.

772. The apparatus of claim 771, wherein the at least one promotional incentive is
one: (i) purchase discount; (ii) free merchandise; and (iii) admission to events.

773. The apparatus of claim 771, wherein the processor issues further instructions
to:

provide the user the at least one promotional incentive when the activity

matches one or more activity criteria.
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774. The apparatus of claim 766, wherein the socially

related to at least one of: a social graph and an interest graph.

PCT/US2011/053780

influencing activity is

775. The apparatus of claim 770 wherein the processor issues further instructions

to:

determine whether the activity is a URMC socially influencing activity.

776. The apparatus of claim 775, wherein the determination is based on tracked

frequency of user engagement with a playlist sharing activity.

777. The apparatus of claim 775, wherein the determination is based on tracked

license purchase attributable to the user.

778. The apparatus of claim 775, wherein the determination is based on tracked

number of users following and unfollowing the user.

779. The apparatus of claim 775, wherein the determination is based on tracked

response to content sharing.

780. The apparatus of claim 775, wherein the determination is based on tracked

usage volume of other users attributable to the user.

781. A processor-implemented method, comprising:

detecting user initiation of a universally resolvable media content

("URMC") event in a client;

obtaining the URMC event identifying information;

recording the URMC event identifying information in association with the

event in an event log in the client;

obtaining reporting frequency preference setting, wherein the preference

setting includes at least one URMC user activity upload rule;
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1 determining activation of a URMC upload threshold trigger by evaluating
2 the at least one URMC user activity upload rule;
3 initiating reporting of the logged URMC event identifying information

4 based on the trigger activation; and

5 updating the client upon successful acknowledgement of said reporting by
6 a server.

7 782. The method of claim 781, further comprising:

8 anonymizing the URMC event identifying information in the event log

9 before initiating said reporting.

10 783. The method of claim 782, wherein a decision for anonymizing the URMC
11 event identifying information is based on user preference information.

12 784. The method of claim 781, wherein when the client is disconnected from a
13 communication network:

14 suspending said reporting wuntil the client is connected to the
15 communication network.

16 785. The method of claim 784, wherein when said reporting is suspended and a
17 user initiation of a URMC event is detected,:

18 determining, using at least one URMC upload threshold rule, whether to
19 disable contents of the URMC collection in the client.

20 786. The method of claim 781, wherein the URMC event is one of: (1) content
21 started; (ii) content paused; (iii) content stopped; (iv) content skipped; and (v)

22 application closed.
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787. The method of claim 781, wherein the URMC event identifying information
includes play session information including: play session start time, play session end
time, total play session time for each content item in at least one of user library section,
community section, discovery section and magic playlist.

788. The method of claim 781, wherein the URMC event identifying information
includes at least one of: (i) content event name; (ii) event time stamp; (iii) universally
resolvable content identifier; and (iv) user information.

789. The method of claim 781, wherein the at least one URMC user activity
upload rule specifies a time for initiating reporting.

790. The method of claim 781, wherein the at least one URMC user activity
upload rule specifies a number of URMC events for initiating reporting.

791. The method of claim 781, wherein the at least one URMC user activity
upload rule specifies a number of each type of URMC event for initiating reporting.

792. The method of claim 781, further comprising categorizing the URMC event
as at least one of: (i) play event; (ii) import event; (iii) share event; (iv) community
event; and (v) search event.

793. The method of claim 792, further comprising selecting one or more URMC
event categories for reporting based on the user's enrollment status in guru program.

794. The method of claim 792, wherein the reported URMC event identifying
information is used for determining influence points attributable to one or more URMC
service users.

795. The method of claim 792, wherein the reported URMC event identifying

information is used for determining recommendations for the user.
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796. The method of claim 792, wherein the reported URMC event identifying
information is used for determining license payouts to URMC service partners.
797. A system, comprising:

a memory;

a processor disposed in communication with said memory, and configured to
issue a plurality of processing instructions stored in the memory, wherein the processor
issues instructions to:

detect user initiation of a universally resolvable media content ("URMC")
event in a client;

obtain the URMC event identifying information;

record the URMC event identifying information in association with the
event in an event log in the client;

obtain reporting frequency preference setting, wherein the preference
setting includes at least one URMC user activity upload rule;

determine activation of a URMC upload threshold trigger by evaluating
the at least one URMC user activity upload rule;

initiate reporting of the logged URMC event identifying information based
on the trigger activation; and

update the client upon successful acknowledgement of said reporting by a
server.

798. The system of claim 797, further comprising instructions to:
anonymize the URMC event identifying information in the event log before

initiating said reporting.
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799. The system of claim 798, wherein a decision for anonymizing the URMC
event identifying information is based on user preference information.

800. The system of claim 797, wherein when the client is disconnected from a
communication network, providing instructions to:

suspend said reporting until the client is connected to the communication
network.

801. The system of claim 800, wherein when said reporting is suspended and a
user initiation of a URMC event is detected, providing instructions to:

determine, using at least one URMC upload threshold rule, whether to
disable contents of the URMC collection in the client.

802. The system of claim 797, wherein the URMC event is one of: (1) content
started; (ii) content paused; (iii) content stopped; (iv) content skipped; and (v)
application closed.

803. The system of claim 797, wherein the URMC event identifying information
includes play session information including: play session start time, play session end
time, total play session time for each content item in at least one of user library section,
community section, discovery section and magic playlist.

804. The system of claim 797, wherein the URMC event identifying information
includes at least one of: (i) content event name; (ii) event time stamp; (iii) universally
resolvable content identifier; and (iv) user information.

805. The system of claim 797, wherein the at least one URMC user activity upload
rule specifies a time for initiating reporting.

806. The system of claim 797, wherein the at least one URMC user activity upload

rule specifies a number of URMC events for initiating reporting.
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807. The system of claim 797, wherein the at least one URMC user activity upload
rule specifies a number of each type of URMC event for initiating reporting.

808. The system of claim 797, further comprising categorizing the URMC event
as at least one of: (i) play event; (ii) import event; (iii) share event; (iv) community
event; and (v) search event.

809. The system of claim 808, further comprising instructions to select one or
more URMC event categories for reporting based on the user's enrollment status in guru
program.

810. The system of claim 808, wherein the reported URMC event identifying
information is used for determining influence points attributable to one or more URMC
service users.

811. The system of claim 808, wherein the reported URMC event identifying
information is used for determining recommendations for the user.

812. The system of claim 808, wherein the reported URMC event identifying

information is used for determining license payouts to URMC service partners.

813. A processor-readable medium storing processor-issuable instructions,
wherein the processor issues instructions to:
detect user initiation of a universally resolvable media content ("URMC")
event in a client;
obtain the URMC event identifying information;
record the URMC event identifying information in association with the

event in an event log in the client;
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obtain reporting frequency preference setting, wherein the preference
setting includes at least one URMC user activity upload rule;
determine activation of a URMC upload threshold trigger by evaluating
the at least one URMC user activity upload rule;
initiate reporting of the logged URMC event identifying information based
on the trigger activation; and
update the client upon successful acknowledgement of said reporting by a
server.
814. The medium of claim 813, further comprising instructions to:
anonymize the URMC event identifying information in the event log before
initiating said reporting.
815. The medium of claim 814, wherein a decision for anonymizing the URMC
event identifying information is based on user preference information.
816. The medium of claim 813, wherein when the client is disconnected from a
communication network, providing instructions to:
suspend said reporting until the client is connected to the communication
network.
817. The medium of claim 816, wherein when said reporting is suspended and a
user initiation of a URMC event is detected, providing instructions to:
determine, using at least one URMC upload threshold rule, whether to
disable contents of the URMC collection in the client.
818. The medium of claim 813, wherein the URMC event is one of: (1) content
started; (i) content paused; (iii) content stopped; (iv) content skipped; and (v)

application closed.
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819. The medium of claim 813, wherein the URMC event identifying information
includes play session information including: play session start time, play session end
time, total play session time for each content item in at least one of user library section,
community section, discovery section and magic playlist.

820. The medium of claim 813, wherein the URMC event identifying information
includes at least one of: (i) content event name; (ii) event time stamp; (iii) universally
resolvable content identifier; and (iv) user information.

821. The medium of claim 813, wherein the at least one URMC user activity
upload rule specifies a time for initiating reporting.

822. The medium of claim 813, wherein the at least one URMC user activity
upload rule specifies a number of URMC events for initiating reporting.

823. The medium of claim 813, wherein the at least one URMC user activity
upload rule specifies a number of each type of URMC event for initiating reporting.

824. The medium of claim 813, further comprising categorizing the URMC event
as at least one of: (i) play event; (ii) import event; (iii) share event; (iv) community
event; and (v) search event.

825. The medium of claim 824, further comprising instructions to select one or
more URMC event categories for reporting based on the user's enrollment status in guru
program.

826. The medium of claim 824, wherein the reported URMC event identifying
information is used for determining influence points attributable to one or more URMC
service users.

827. The medium of claim 824, wherein the reported URMC event identifying

information is used for determining recommendations for the user.
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828. The medium of claim 824, wherein the reported URMC event identifying
information is used for determining license payouts to URMC service partners.
829. An apparatus, comprising:

a memory;

a processor disposed in communication with said memory, and configured to
issue a plurality of processing instructions stored in the memory, wherein the processor
issues instructions to:

detect user initiation of a universally resolvable media content ("URMC")
event in a client;

obtain the URMC event identifying information;

record the URMC event identifying information in association with the
event in an event log in the client;

obtain reporting frequency preference setting, wherein the preference
setting includes at least one URMC user activity upload rule;

determine activation of a URMC upload threshold trigger by evaluating
the at least one URMC user activity upload rule;

initiate reporting of the logged URMC event identifying information based
on the trigger activation; and

update the client upon successful acknowledgement of said reporting by a
server.

830. The apparatus of claim 829, further comprising instructions to:
anonymize the URMC event identifying information in the event log before

initiating said reporting.
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831. The apparatus of claim 830, wherein a decision for anonymizing the URMC
event identifying information is based on user preference information.

832. The apparatus of claim 829, wherein when the client is disconnected from a
communication network, providing instructions to:

suspend said reporting until the client is connected to the communication
network.

833. The apparatus of claim 832, wherein when said reporting is suspended and
a user initiation of a URMC event is detected, providing instructions to:

determine, using at least one URMC upload threshold rule, whether to
disable contents of the URMC collection in the client.

834. The apparatus of claim 829, wherein the URMC event is one of: (1) content
started; (ii) content paused; (iii) content stopped; (iv) content skipped; and (v)
application closed.

835. The apparatus of claim 829, wherein the URMC event identifying
information includes play session information including: play session start time, play
session end time, total play session time for each content item in at least one of user
library section, community section, discovery section and magic playlist.

836. The apparatus of claim 829, wherein the URMC event identifying
information includes at least one of: (i) content event name; (ii) event time stamp; (iii)
universally resolvable content identifier; and (iv) user information.

837. The apparatus of claim 829, wherein the at least one URMC user activity
upload rule specifies a time for initiating reporting.

838. The apparatus of claim 829, wherein the at least one URMC user activity

upload rule specifies a number of URMC events for initiating reporting.
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839. The apparatus of claim 829, wherein the at least one URMC user activity
upload rule specifies a number of each type of URMC event for initiating reporting.

840. The apparatus of claim 829, further comprising categorizing the URMC
event as at least one of: (i) play event; (ii) import event; (iii) share event; (iv) community
event; and (v) search event.

841. The apparatus of claim 840, further comprising instructions to select one or
more URMC event categories for reporting based on the user's enrollment status in guru
program.

842. The apparatus of claim 840, wherein the reported URMC event identifying
information is used for determining influence points attributable to one or more URMC
service users.

843. The apparatus of claim 840, wherein the reported URMC event identifying
information is used for determining recommendations for the user.

844. The apparatus of claim 840, wherein the reported URMC event identifying
information is used for determining license payouts to URMC service partners.

845. A processor-implemented method, comprising:

obtaining notification of a user initiation of a universally resolvable media
content ("URMC") event in a client;

obtaining an event log recording the URMC event identifying information
in association with the event;

providing reporting frequency preference setting, wherein the preference
setting includes at least one URMC user activity upload rule;

obtaining reporting of the logged URMC event identifying information

that is triggered in accordance with at least one URMC user activity upload rule; and
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providing an acknowledgment to the client upon obtaining said reporting.
846. A system, comprising:

a memory;

a processor disposed in communication with said memory, and configured to
issue a plurality of processing instructions stored in the memory, wherein the processor
issues instructions to:

obtain notification of a user initiation of a universally resolvable media
content ("URMC") event in a client;

obtain an event log recording the URMC event identifying information in
association with the event;

provide reporting frequency preference setting, wherein the preference
setting includes at least one URMC user activity upload rule;

obtain reporting of the logged URMC event identifying information that is
triggered in accordance with at least one URMC user activity upload rule; and

provide an acknowledgment to the client upon obtaining said reporting.

847. A processor-readable medium storing processor-issuable instructions,

wherein the processor issues instructions to:

obtain notification of a user initiation of a universally resolvable media
content ("URMC") event in a client;

obtain an event log recording the URMC event identifying information in
association with the event;

provide reporting frequency preference setting, wherein the preference

setting includes at least one URMC user activity upload rule;
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obtain reporting of the logged URMC event identifying information that is
triggered in accordance with at least one URMC user activity upload rule; and
provide an acknowledgment to the client upon obtaining said reporting.
848. An apparatus, comprising:

a memory;

a processor disposed in communication with said memory, and configured to
issue a plurality of processing instructions stored in the memory, wherein the processor
issues instructions to:

obtain notification of a user initiation of a universally resolvable media
content ("URMC") event in a client;

obtain an event log recording the URMC event identifying information in
association with the event;

provide reporting frequency preference setting, wherein the preference
setting includes at least one URMC user activity upload rule;

obtain reporting of the logged URMC event identifying information that is
triggered in accordance with at least one URMC user activity upload rule; and

provide an acknowledgment to the client upon obtaining said reporting.

849. A processor-implemented method, comprising:

identifying an unlicensed content item and uniquely resolving it within a
universally resolvable media content ("URMC") service;

obtaining aggregate URMC service user engagement metric associated
with the uniquely resolved content item during a predefined period of time;

obtaining an aggregate URMC service user engagement metric associated

with a plurality of URMC items during the predefined period of time;
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evaluating the obtained aggregate URMC service user engagement metrics

using at least one URMC license request threshold rule;

identifying a target for a license request for the uniquely resolved content

item; and
sending the license request to the identified target.

850. The method of claim 849, further comprising:

obtaining, from the target, a license authorizing addition of the uniquely

resolved content item to the URMC catalog.
851. The method of claim 850, further comprising:

obtaining lossless original media file;

licensing, encrypting and encoding the obtained media file; and

making the encoded content media file available to users of the URMC

service.

852. The method of claim 851, wherein the encoding includes a standard quality

encoding and a mobile quality encoding.

853. The method of claim 849, wherein the license request includes at least the

uniquely resolved content identifying information and a request to add the content item

to the URMC collection.

854. The method of claim 849, wherein the URMC service user engagement

metric is track play count.

855. The method of claim 849, wherein the URMC service user engagement

metric is at least one of: (i) share count; (ii) download count; (iii) rating; and (iv)

comment count.
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856. The method of claim 855, wherein the URMC service user engagement
metric is associated with at least one of: (i) a track; (ii) a playlist; (iii) a smart playlist;
(iv) a shared playlist; (v) a magic playlist; and (vi) a shared library.

857. The method of claim 849, wherein the at least one URMC license request
threshold rule specifies a trigger for the license request when the aggregate URMC
service user engagement metric associated with the uniquely resolved content item is
greater than a percent threshold of the aggregate URMC service user engagement metric
associated with the plurality of URMC content items.

858. The method of claim 849, wherein the at least one URMC license request
threshold rule specifies a threshold for the aggregate URMC service user engagement
metrics associated with the uniquely resolved content item.

859. The method of claim 849, wherein identifying the unlicensed content item
and uniquely resolving it within the URMC service further comprises acoustically
matching the content item with URMC items in a URMC catalog.

860. The method of claim 849, wherein identifying the unlicensed content item
and uniquely resolving it within the URMC service further comprises querying a URMC
metadata database using metadata associated with the content item.

861. The method of claim 849, further comprising:

obtaining metadata associated with the uniquely resolved content item;
and
querying a URMC license database using the obtained metadata for

availability of license.
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862. The method of claim 849, wherein the target for the license request is
identified based on at least one of an acoustical fingerprint and metadata associated
with the uniquely resolved content item.

863. The method of claim 849, wherein the identified target is a rights clearing
agency.

864. The method of claim 849, wherein the identified target is one of
participating licensors of the URMC service.

865. A system, comprising:

a memory;

a processor disposed in communication with said memory, and configured to
issue a plurality of processing instructions stored in the memory, wherein the processor
issues instructions to:

identify an unlicensed content item and uniquely resolving it within a
universally resolvable media content ("URMC") service;

obtain aggregate URMC service user engagement metric associated with
the uniquely resolved content item during a predefined period of time;

obtain an aggregate URMC service user engagement metric associated
with a plurality of URMC items during the predefined period of time;

evaluate the obtained aggregate URMC service user engagement metrics
using at least one URMC license request threshold rule;

identify a target for a license request for the uniquely resolved content
item; and

send the license request to the identified target.

866. The system of claim 865, further comprising instructions to:
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1 obtain, from the target, a license authorizing addition of the uniquely

2 resolved content item to the URMC catalog.

3 867. The system of claim 866, further comprising instructions to:

4 obtain lossless original media file;

5 license, encrypting and encoding the obtained media file; and

6 make the encoded content media file available to users of the URMC
7 service.

8 868. The system of claim 867, wherein the encoding includes a standard quality

©o

encoding and a mobile quality encoding.

10 869. The system of claim 865, wherein the license request includes at least the
11 uniquely resolved content identifying information and a request to add the content item
12 to the URMC collection.

13 870. The system of claim 865, wherein the URMC service user engagement
14 metric is track play count.

15 871. The system of claim 865, wherein the URMC service user engagement metric
16 is at least one of: (i) share count; (ii) download count; (iii) rating; and (iv) comment
17 count.

18 872. The system of claim 871, wherein the URMC service user engagement metric
19 is associated with at least one of: (i) a track; (ii) a playlist; (iii) a smart playlist; (iv) a

20 shared playlist; (v) a magic playlist; and (vi) a shared library.
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873. The system of claim 865, wherein the at least one URMC license request
threshold rule specifies a trigger for the license request when the aggregate URMC
service user engagement metric associated with the uniquely resolved content item is
greater than a percent threshold of the aggregate URMC service user engagement metric
associated with the plurality of URMC content items.

874. The system of claim 865, wherein the at least one URMC license request
threshold rule specifies a threshold for the aggregate URMC service user engagement
metrics associated with the uniquely resolved content item.

875. The system of claim 865, wherein identifying the unlicensed content item
and uniquely resolving it within the URMC service further comprises acoustically
matching the content item with URMC items in a URMC catalog.

876. The system of claim 865, wherein identifying the unlicensed content item
and uniquely resolving it within the URMC service further comprises querying a URMC
metadata database using metadata associated with the content item.

877. The system of claim 865, further comprising instructions to:

obtain metadata associated with the uniquely resolved content item; and
query a URMC license database using the obtained metadata for
availability of license.

878. The system of claim 865, wherein the target for the license request is
identified based on at least one of an acoustical fingerprint and metadata associated
with the uniquely resolved content item.

879. The system of claim 865, wherein the identified target is a rights clearing

agency.
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880. The system of claim 865, wherein the identified target is one of participating
licensors of the URMC service.
881. A processor-readable medium storing processor-issuable instructions,
wherein the processor issues instructions to:
identify an unlicensed content item and uniquely resolving it within a
universally resolvable media content ("URMC") service;
obtain aggregate URMC service user engagement metric associated with
the uniquely resolved content item during a predefined period of time;
obtain an aggregate URMC service user engagement metric associated
with a plurality of URMC items during the predefined period of time;
evaluate the obtained aggregate URMC service user engagement metrics
using at least one URMC license request threshold rule;
identify a target for a license request for the uniquely resolved content
item; and
send the license request to the identified target.
882. The medium of claim 881, further comprising instructions to:
obtain, from the target, a license authorizing addition of the uniquely
resolved content item to the URMC catalog.
883. The medium of claim 882, further comprising instructions to:
obtain lossless original media file;
license, encrypting and encoding the obtained media file; and
make the encoded content media file available to users of the URMC

service.
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884. The medium of claim 883, wherein the encoding includes a standard quality
encoding and a mobile quality encoding.

885. The medium of claim 881, wherein the license request includes at least the
uniquely resolved content identifying information and a request to add the content item
to the URMC collection.

886. The medium of claim 881, wherein the URMC service user engagement
metric is track play count.

887. The medium of claim 881, wherein the URMC service user engagement
metric is at least one of: (i) share count; (ii) download count; (iii) rating; and (iv)
comment count.

888. The medium of claim 887, wherein the URMC service user engagement
metric is associated with at least one of: (i) a track; (ii) a playlist; (iii) a smart playlist;
(iv) a shared playlist; (v) a magic playlist; and (vi) a shared library.

889. The medium of claim 881, wherein the at least one URMC license request
threshold rule specifies a trigger for the license request when the aggregate URMC
service user engagement metric associated with the uniquely resolved content item is
greater than a percent threshold of the aggregate URMC service user engagement metric
associated with the plurality of URMC content items.

890. The medium of claim 881, wherein the at least one URMC license request
threshold rule specifies a threshold for the aggregate URMC service user engagement
metrics associated with the uniquely resolved content item.

891. The medium of claim 881, wherein identifying the unlicensed content item
and uniquely resolving it within the URMC service further comprises acoustically

matching the content item with URMC items in a URMC catalog.
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892. The medium of claim 881, wherein identifying the unlicensed content item
and uniquely resolving it within the URMC service further comprises querying a URMC
metadata database using metadata associated with the content item.

893. The medium of claim 881, further comprising instructions to:

obtain metadata associated with the uniquely resolved content item; and
query a URMC license database using the obtained metadata for
availability of license.

894. The medium of claim 881, wherein the target for the license request is
identified based on at least one of an acoustical fingerprint and metadata associated
with the uniquely resolved content item.

895. The medium of claim 881, wherein the identified target is a rights clearing
agency.

896. The medium of claim 881, wherein the identified target is one of
participating licensors of the URMC service.

897. An apparatus, comprising:

a memory;

a processor disposed in communication with said memory, and configured to
issue a plurality of processing instructions stored in the memory, wherein the processor
issues instructions to:

identify an unlicensed content item and uniquely resolving it within a
universally resolvable media content ("URMC") service;
obtain aggregate URMC service user engagement metric associated with

the uniquely resolved content item during a predefined period of time;
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obtain an aggregate URMC service user engagement metric associated

with a plurality of URMC items during the predefined period of time;

evaluate the obtained aggregate URMC service user engagement metrics

using at least one URMC license request threshold rule;

identify a target for a license request for the uniquely resolved content

item; and

send the license request to the identified target.

898. The apparatus of claim 897, further comprising instructions to:

obtain, from the target, a license authorizing addition of the uniquely

resolved content item to the URMC catalog.

899. The apparatus of claim 898, further comprising instructions to:

obtain lossless original media file;

license, encrypting and encoding the obtained media file; and

make the encoded content media file available to users of the URMC

service.

900. The apparatus of claim 899, wherein the encoding includes a standard

quality encoding and a mobile quality encoding.

901. The apparatus of claim 897, wherein the license request includes at least the

uniquely resolved content identifying information and a request to add the content item

to the URMC collection.

902. The apparatus of claim 897, wherein the URMC service user engagement

metric is track play count.
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903. The apparatus of claim 897, wherein the URMC service user engagement
metric is at least one of: (i) share count; (ii) download count; (iii) rating; and (iv)
comment count.

904. The apparatus of claim 903, wherein the URMC service user engagement
metric is associated with at least one of: (i) a track; (ii) a playlist; (iii) a smart playlist;
(iv) a shared playlist; (v) a magic playlist; and (vi) a shared library.

905. The apparatus of claim 897, wherein the at least one URMC license request
threshold rule specifies a trigger for the license request when the aggregate URMC
service user engagement metric associated with the uniquely resolved content item is
greater than a percent threshold of the aggregate URMC service user engagement metric
associated with the plurality of URMC content items.

906. The apparatus of claim 897, wherein the at least one URMC license request
threshold rule specifies a threshold for the aggregate URMC service user engagement
metrics associated with the uniquely resolved content item.

907. The apparatus of claim 897, wherein identifying the unlicensed content item
and uniquely resolving it within the URMC service further comprises acoustically
matching the content item with URMC items in a URMC catalog.

908. The apparatus of claim 897, wherein identifying the unlicensed content item
and uniquely resolving it within the URMC service further comprises querying a URMC
metadata database using metadata associated with the content item.

909. The apparatus of claim 897, further comprising instructions to:

obtain metadata associated with the uniquely resolved content item; and
query a URMC license database using the obtained metadata for

availability of license.
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910. The apparatus of claim 897, wherein the target for the license request is
identified based on at least one of an acoustical fingerprint and metadata associated
with the uniquely resolved content item.

o11. The apparatus of claim 897, wherein the identified target is a rights clearing
agency.

912. The apparatus of claim 897, wherein the identified target is one of
participating licensors of the URMC service.

913. A processor-implemented method, comprising:

providing an unlicensed content item for identification and uniquely
resolving it within a universally resolvable media content ("URMC") service;

providing an indication to obtain aggregate URMC service user
engagement metric associated with the uniquely resolved content item during a
predefined period of time;

providing an indication to obtain an aggregate URMC service user
engagement metric associated with a plurality of URMC items during the predefined
period of time;

obtaining an indication of an evaluation of the aggregate URMC service
user engagement metrics using at least one URMC license request threshold rule;

obtaining an identification of a target for a license request for the uniquely
resolved content item; and

obtaining an indication of sending the license request to the identified
target.

914. A system, comprising:

a memory;
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a processor disposed in communication with said memory, and configured to
issue a plurality of processing instructions stored in the memory, wherein the processor
issues instructions to:

provide an unlicensed content item for identification and uniquely
resolving it within a universally resolvable media content ("URMC") service;

provide an indication to obtain aggregate URMC service user engagement
metric associated with the uniquely resolved content item during a predefined period of
time;

provide an indication to obtain an aggregate URMC service user
engagement metric associated with a plurality of URMC items during the predefined
period of time;

obtain an indication of an evaluation of the aggregate URMC service user
engagement metrics using at least one URMC license request threshold rule;

obtain an identification of a target for a license request for the uniquely
resolved content item; and

obtain an indication of sending the license request to the identified target.

915. A processor-readable medium storing processor-issuable instructions,

wherein the processor issues instructions to:

provide an unlicensed content item for identification and uniquely
resolving it within a universally resolvable media content ("URMC") service;

provide an indication to obtain aggregate URMC service user engagement
metric associated with the uniquely resolved content item during a predefined period of

time;
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provide an indication to obtain an aggregate URMC service user
engagement metric associated with a plurality of URMC items during the predefined
period of time;

obtain an indication of an evaluation of the aggregate URMC service user
engagement metrics using at least one URMC license request threshold rule;

obtain an identification of a target for a license request for the uniquely
resolved content item; and

obtain an indication of sending the license request to the identified target.

916. An apparatus, comprising:

a memory;

a processor disposed in communication with said memory, and configured to
issue a plurality of processing instructions stored in the memory, wherein the processor
issues instructions to:

provide an unlicensed content item for identification and uniquely
resolving it within a universally resolvable media content ("URMC") service;

provide an indication to obtain aggregate URMC service user engagement
metric associated with the uniquely resolved content item during a predefined period of
time;

provide an indication to obtain an aggregate URMC service user
engagement metric associated with a plurality of URMC items during the predefined
period of time;

obtain an indication of an evaluation of the aggregate URMC service user

engagement metrics using at least one URMC license request threshold rule;
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obtain an identification of a target for a license request for the uniquely
resolved content item; and
obtain an indication of sending the license request to the identified target.
917. A processor-implemented method, comprising:
detecting a plurality of universally resolvable media content ("URMC")
events initiated at a client;
obtaining URMC event identifying information for each detected URMC
event;
determining if each detected URMC event is reportable based on the
URMC event identifying information;
determining a reporting category for each reportable URMC event based
on the URMC event identifying information;
recording each reportable URMC event and the associated reporting
category in an event log in the client; and
initiating reporting of the logged URMC event identifying information.
918. The method of claim 917, further comprising:
obtaining reporting frequency preference setting, wherein the preference
setting includes at least one URMC event reporting rule; and
initiating reporting of the logged URMC event identifying information
based on the obtained reporting frequency preference setting.
919. The method of claim 918, further comprising updating the client upon

successful acknowledgement of said reporting by a server.
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920. The method of claim 917, wherein reportable events include at least one of:
(1) play session time; (ii) playlist feature use; (iii) importing; (iv)sharing; (v) community;
(vi) search; (vii) website; (viii) client; (ix) email; (x) marketing; (xi) user; and (xii)
license and device.

921. The method of claim 920, wherein each reportable event is associated with a
URMC service user identifier and a date and time stamp.

922. The method of claim 921, wherein determining if each detected URMC event
is reportable based on the URMC event identifying information.

923. A system, comprising:

a memory;

a processor disposed in communication with said memory, and configured to
issue a plurality of processing instructions stored in the memory, wherein the processor
issues instructions to:

detect a plurality of universally resolvable media content ("URMC") events
initiated at a client;

obtain URMC event identifying information for each detected URMC
event;

determine if each detected URMC event is reportable based on the URMC
event identifying information;

determine a reporting category for each reportable URMC event based on
the URMC event identifying information;

record each reportable URMC event and the associated reporting category
in an event log in the client; and

initiate reporting of the logged URMC event identifying information.
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924. The system of claim 923, further comprising:
obtain reporting frequency preference setting, wherein the preference
setting includes at least one URMC event reporting rule; and
initiate reporting of the logged URMC event identifying information based
on the obtained reporting frequency preference setting.
925. The system of claim 924, further comprising updating the client upon
successful acknowledgement of said reporting by a server.
926. The system of claim 923, wherein reportable events include at least one of:
(1) play session time; (ii) playlist feature use; (iii) importing; (iv)sharing; (v) community;
(vi) search; (vii) website; (viii) client; (ix) email; (x) marketing; (xi) user; and (xii)
license and device.
927. The system of claim 926, wherein each reportable event is associated with a
URMC service user identifier and a date and time stamp.
928. The system of claim 927, wherein determining if each detected URMC event
is reportable based on the URMC event identifying information.
929. A processor-readable medium storing processor-issuable instructions,
wherein the processor issues instructions to:
detect a plurality of universally resolvable media content ("URMC") events
initiated at a client;
obtain URMC event identifying information for each detected URMC
event;
determine if each detected URMC event is reportable based on the URMC

event identifying information;
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1 determine a reporting category for each reportable URMC event based on
2 the URMC event identifying information;
3 record each reportable URMC event and the associated reporting category

4 in an event log in the client; and

5 initiate reporting of the logged URMC event identifying information.
6 930. The medium of claim 929, further comprising:
7 obtain reporting frequency preference setting, wherein the preference

8 setting includes at least one URMC event reporting rule; and

9 initiate reporting of the logged URMC event identifying information based
10 on the obtained reporting frequency preference setting.

11 931. The medium of claim 930, further comprising updating the client upon
12 successful acknowledgement of said reporting by a server.

13 932. The medium of claim 929, wherein reportable events include at least one of:
14 (i) play session time; (ii) playlist feature use; (iii) importing; (iv)sharing; (v) community;
15 (vi) search; (vii) website; (viii) client; (ix) email; (x) marketing; (xi) user; and (xii)

6 license and device.

17 933. The medium of claim 932, wherein each reportable event is associated with
18 @ URMC service user identifier and a date and time stamp.

19 934. The medium of claim 933, wherein determining if each detected URMC
20 event is reportable based on the URMC event identifying information.

21 935. An apparatus, comprising:

22 a memory;
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a processor disposed in communication with said memory, and configured to
issue a plurality of processing instructions stored in the memory, wherein the processor
issues instructions to:

detect a plurality of universally resolvable media content ("URMC") events
initiated at a client;
obtain URMC event identifying information for each detected URMC
event;
determine if each detected URMC event is reportable based on the URMC
event identifying information;
determine a reporting category for each reportable URMC event based on
the URMC event identifying information;
record each reportable URMC event and the associated reporting category
in an event log in the client; and
initiate reporting of the logged URMC event identifying information.
936. The apparatus of claim 935, further comprising:
obtain reporting frequency preference setting, wherein the preference
setting includes at least one URMC event reporting rule; and
initiate reporting of the logged URMC event identifying information based
on the obtained reporting frequency preference setting.
937. The apparatus of claim 936, further comprising updating the client upon

successful acknowledgement of said reporting by a server.
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038. The apparatus of claim 935, wherein reportable events include at least one
of: (i) play session time; (ii) playlist feature use; (iii) importing; (iv)sharing; (v)
community; (vi) search; (vii) website; (viii) client; (ix) email; (x) marketing; (xi) user;
and (xii) license and device.
939. The apparatus of claim 938, wherein each reportable event is associated
with a URMC service user identifier and a date and time stamp.
940. The apparatus of claim 939, wherein determining if each detected URMC
event is reportable based on the URMC event identifying information.
941. A processor-implemented method, comprising:
providing a request to detect a plurality of universally resolvable media
content ("URMC") events initiated at a client;
providing URMC event identifying information for each detected URMC
event;
providing a request to determine if each detected URMC event is
reportable based on the URMC event identifying information;
providing a request to determine a reporting category for each reportable
URMC event based on the URMC event identifying information;
providing a request to record each reportable URMC event and the
associated reporting category in an event log in the client; and
providing a request to initiate reporting of the logged URMC event
identifying information.
942. A system, comprising:

a memory;
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1 a processor disposed in communication with said memory, and configured to

issue a plurality of processing instructions stored in the memory, wherein the processor

N

issues instructions to:

@

4 provide a request to detect a plurality of universally resolvable media

(&2

content ("URMC") events initiated at a client;

6 provide URMC event identifying information for each detected URMC

~

event;

8 provide a request to determine if each detected URMC event is reportable

©o

based on the URMC event identifying information;

10 provide a request to determine a reporting category for each reportable
11 URMC event based on the URMC event identifying information;

12 provide a request to record each reportable URMC event and the
13 associated reporting category in an event log in the client; and

14 provide a request to initiate reporting of the logged URMC event
15 identifying information.

16 043. A processor-readable medium storing processor-issuable instructions,
17 wherein the processor issues instructions to:

18 provide a request to detect a plurality of universally resolvable media

19 content ("URMC") events initiated at a client;

20 provide URMC event identifying information for each detected URMC
21 event;
22 provide a request to determine if each detected URMC event is reportable

23 based on the URMC event identifying information;
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provide a request to determine a reporting category for each reportable
URMC event based on the URMC event identifying information;
provide a request to record each reportable URMC event and the
associated reporting category in an event log in the client; and
provide a request to initiate reporting of the logged URMC event
identifying information.
944. An apparatus, comprising:

a memory;

a processor disposed in communication with said memory, and configured to
issue a plurality of processing instructions stored in the memory, wherein the processor
issues instructions to:

provide a request to detect a plurality of universally resolvable media
content ("URMC") events initiated at a client;

provide URMC event identifying information for each detected URMC
event;

provide a request to determine if each detected URMC event is reportable
based on the URMC event identifying information;

provide a request to determine a reporting category for each reportable
URMC event based on the URMC event identifying information;

provide a request to record each reportable URMC event and the
associated reporting category in an event log in the client; and

provide a request to initiate reporting of the logged URMC event
identifying information.

945. A processor-implemented method, comprising:
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1 receiving from a requestor a payment request for usage of a universally
2 resolvable media content ("URMC") item;

3 querying a URMC usage database to obtain the URMC item usage metric;

4 determining, based on URMC usage payment obligation rules associated
5 with the requestor and the URMC item usage metric, a payment amount owed for usage
6 of the URMC item; and

7 providing the determined payment amount to the requestor.

8 9046. The method of claim 945, wherein the URMC usage payment obligation
9 rules specify royalty rate for a unit of the usage metric.

10 947. The method of claim 946, wherein the royalty rate is specific to a geography.
1 948. The method of claim 945, wherein the payment amount is device license fees
12 based on prorated share of the URMC item usage.

13 949. The method of claim 945, wherein the request specifies at least one criterion
14 for selecting the URMC item.

15 950. The method of claim 945, further comprising querying a URMC reporting
16 database using the specified criterion to obtain the URMC item.

17 951. The method of claim 945, wherein the URMC usage metric is play count.

18 952. The method of claim 945, wherein the URMC usage metric is number of

19 license activations.

20 953. A system, comprising:
21 a memory;
22 a processor disposed in communication with said memory, and configured to

23 issue a plurality of processing instructions stored in the memory, wherein the processor

24 1ssues instructions to:
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receive from a requestor a payment request for usage of a universally
resolvable media content ("URMC") item;
query a URMC usage database to obtain the URMC item usage metric;
determine, based on URMC usage payment obligation rules associated
with the requestor and the URMC item usage metric, a payment amount owed for usage
of the URMC item; and
provide the determined payment amount to the requestor.
954. The system of claim 953, wherein the URMC usage payment obligation rules
specify royalty rate for a unit of the usage metric.
955. The system of claim 954, wherein the royalty rate is specific to a geography.
956. The system of claim 953, wherein the payment amount is device license fees
based on prorated share of the URMC item usage.
957. The system of claim 953, wherein the request specifies at least one criterion
for selecting the URMC item.
958. The system of claim 953, further comprising instructions to query a URMC
reporting database using the specified criterion to obtain the URMC item.
959. The system of claim 953, wherein the URMC usage metric is play count.
960. The system of claim 953, wherein the URMC usage metric is number of
license activations.
961. A processor-readable medium storing processor-issuable instructions,
wherein the processor issues instructions to:
receive from a requestor a payment request for usage of a universally
resolvable media content ("URMC") item;

query a URMC usage database to obtain the URMC item usage metric;
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determine, based on URMC usage payment obligation rules associated
with the requestor and the URMC item usage metric, a payment amount owed for usage
of the URMC item; and
provide the determined payment amount to the requestor.
962. The medium of claim 961, wherein the URMC usage payment obligation
rules specify royalty rate for a unit of the usage metric.
963. The medium of claim 962, wherein the royalty rate is specific to a
geography.
964. The medium of claim 961, wherein the payment amount is device license
fees based on prorated share of the URMC item usage.
965. The medium of claim 961, wherein the request specifies at least one criterion
for selecting the URMC item.
966. The medium of claim 961, further comprising instructions to query a URMC
reporting database using the specified criterion to obtain the URMC item.
967. The medium of claim 961, wherein the URMC usage metric is play count.
968. The medium of claim 961, wherein the URMC usage metric is number of
license activations.
969. An apparatus, comprising:

a memory;

a processor disposed in communication with said memory, and configured to
issue a plurality of processing instructions stored in the memory, wherein the processor
issues instructions to:

receive from a requestor a payment request for usage of a universally

resolvable media content ("URMC") item;
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query a URMC usage database to obtain the URMC item usage metric;

determine, based on URMC usage payment obligation rules associated

with the requestor and the URMC item usage metric, a payment amount owed for usage

of the URMC item; and

provide the determined payment amount to the requestor.

970. The apparatus of claim 969, wherein the URMC usage payment obligation

rules specify royalty rate for a unit of the usage metric.

971. The apparatus of claim 970, wherein the royalty rate is specific to a

geography.

972. The apparatus of claim 969, wherein the payment amount is device license

fees based on prorated share of the URMC item usage.

973. The apparatus of claim 969, wherein the request specifies at least one

criterion for selecting the URMC item.

974. The apparatus of claim 969, further comprising instructions to query a

URMC reporting database using the specified criterion to obtain the URMC item.

975. The apparatus of claim 969, wherein the URMC usage metric is play count.

976. The apparatus of claim 969, wherein the URMC usage metric is number of

license activations.

977. A processor-implemented method, comprising:

providing from a requestor a payment request for usage of a universally

resolvable media content ("URMC") item;

providing a request to query a URMC usage database to obtain the URMC

item usage metric;
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providing a request to determine, based on URMC usage payment
obligation rules associated with the requestor and the URMC item usage metric, a
payment amount owed for usage of the URMC item; and
obtaining the determined payment amount to the requestor.
978. A system, comprising:

a memory;

a processor disposed in communication with said memory, and configured to
issue a plurality of processing instructions stored in the memory, wherein the processor
issues instructions to:

provide from a requestor a payment request for usage of a universally
resolvable media content ("URMC") item;

provide a request to query a URMC usage database to obtain the URMC
item usage metric;

provide a request to determine, based on URMC usage payment obligation
rules associated with the requestor and the URMC item usage metric, a payment
amount owed for usage of the URMC item; and

obtain the determined payment amount to the requestor.

979. A processor-readable medium storing processor-issuable instructions,

wherein the processor issues instructions to:

provide from a requestor a payment request for usage of a universally
resolvable media content ("URMC") item;

provide a request to query a URMC usage database to obtain the URMC

item usage metric;
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provide a request to determine, based on URMC usage payment obligation
rules associated with the requestor and the URMC item usage metric, a payment
amount owed for usage of the URMC item; and
obtain the determined payment amount to the requestor.
980. An apparatus, comprising:

a memory;

a processor disposed in communication with said memory, and configured to
issue a plurality of processing instructions stored in the memory, wherein the processor
issues instructions to:

provide from a requestor a payment request for usage of a universally
resolvable media content ("URMC") item;

provide a request to query a URMC usage database to obtain the URMC
item usage metric;

provide a request to determine, based on URMC usage payment obligation
rules associated with the requestor and the URMC item usage metric, a payment
amount owed for usage of the URMC item; and

obtain the determined payment amount to the requestor.

981. A processor-implemented method, comprising:

obtaining from a user of a universally resolvable media content ("URMC")
service a request to purchase an unlocked URMC item;

obtaining the user's social influence metric in the service;

obtaining a purchase price associated with the URMC content item;

determining, based on the user's social influence metric, a discount;
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1 providing the user an option to purchase the URMC content item at a

2 purchase price reduced by the discount;

3 receiving from the user an indication and an authorization to purchase the
4 URMC item;
5 charging an account associated with the user the purchase price reduced

6 by the discount; and

7 providing the user a mechanism for unlocking the URMC item.

8 982. The method of claim 981, wherein the unlocking mechanism is a digital
9 rights management (DRM) free version of the URMC item provided to the client.

10 983. The method of claim 981, wherein the unlocking mechanism is a decryption
11 key configured to unlock the URMC item by the user's client software.

12 984. The method of claim 981, wherein the unlocked URMC item has no rights
13 management restrictions.

14 985. The method of claim 981, wherein the unlocked URMC item has no
15 encryption

16 986. The method of claim 981, wherein the social influence metric is a number of
17 points associated with a social activity.

18 987. The method of claim 986, wherein the discount is triggered when the

19 number of social activity points associated with the user exceeds a threshold.

20 988. A system, comprising:
21 a memory;
22 a processor disposed in communication with said memory, and configured to

23 issue a plurality of processing instructions stored in the memory, wherein the processor

24 1ssues instructions to:

LINKPLAY EXHIBIT 1004
Page 1207 of 4822



2

8

9

WO 2012/050927 PCT/US2011/053780
301

obtain from a user of a universally resolvable media content ("URMC")
service a request to purchase an unlocked URMC item;
obtain the user's social influence metric in the service;
obtain a purchase price associated with the URMC content item;
determine, based on the user's social influence metric, a discount;
provide the user an option to purchase the URMC content item at a
purchase price reduced by the discount;
receive from the user an indication and an authorization to purchase the
URMC item;
charge an account associated with the user the purchase price reduced by
the discount; and
provide the user a mechanism for unlocking the URMC item.
089. The system of claim 988, wherein the unlocking mechanism is a digital
rights management (DRM) free version of the URMC item provided to the client.
990. The system of claim 988, wherein the unlocking mechanism is a decryption
key configured to unlock the URMC item by the user's client software.
991. The system of claim 988, wherein the unlocked URMC item has no rights
management restrictions.
992. The system of claim 988, wherein the unlocked URMC item has no
encryption
993. The system of claim 988, wherein the social influence metric is a number of
points associated with a social activity.
994. The system of claim 993, wherein the discount is triggered when the number

of social activity points associated with the user exceeds a threshold.
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1 995. A processor-readable medium storing processor-issuable instructions,
2 wherein the processor issues instructions to:
3 obtain from a user of a universally resolvable media content ("URMC")

4 service a request to purchase an unlocked URMC item;

5 obtain the user's social influence metric in the service;

6 obtain a purchase price associated with the URMC content item;

7 determine, based on the user's social influence metric, a discount;

8 provide the user an option to purchase the URMC content item at a

9 purchase price reduced by the discount;

10 receive from the user an indication and an authorization to purchase the
11 URMC item;

12 charge an account associated with the user the purchase price reduced by
13 the discount; and

14 provide the user a mechanism for unlocking the URMC item.

15 996. The medium of claim 995, wherein the unlocking mechanism is a digital
16 rights management (DRM) free version of the URMC item provided to the client.

17 997. The medium of claim 995, wherein the unlocking mechanism is a decryption
18 key configured to unlock the URMC item by the user's client software.

19 998. The medium of claim 995, wherein the unlocked URMC item has no rights
20 management restrictions.

21 999. The medium of claim 995, wherein the unlocked URMC item has no
22 encryption

23 1000. The medium of claim 995, wherein the social influence metric is a number

24 of points associated with a social activity.
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1 1001. The medium of claim 1000, wherein the discount is triggered when the

2 number of social activity points associated with the user exceeds a threshold.

3 1002. An apparatus, comprising:
4 a memory;
5 a processor disposed in communication with said memory, and configured to

6 issue a plurality of processing instructions stored in the memory, wherein the processor
7 issues instructions to:

8 obtain from a user of a universally resolvable media content ("URMC")
9 service a request to purchase an unlocked URMC item;

10 obtain the user's social influence metric in the service;

11 obtain a purchase price associated with the URMC content item;

12 determine, based on the user's social influence metric, a discount;

13 provide the user an option to purchase the URMC content item at a

14 purchase price reduced by the discount;

15 receive from the user an indication and an authorization to purchase the
16 URMC item;
17 charge an account associated with the user the purchase price reduced by

18 the discount; and

19 provide the user a mechanism for unlocking the URMC item.

20 1003. The apparatus of claim 1002, wherein the unlocking mechanism is a digital
21 rights management (DRM) free version of the URMC item provided to the client.

22 1004. The apparatus of claim 1002, wherein the unlocking mechanism is a

23 decryption key configured to unlock the URMC item by the user's client software.
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1005. The apparatus of claim 1002, wherein the unlocked URMC item has no
rights management restrictions.
1006. The apparatus of claim 1002, wherein the unlocked URMC item has no
encryption
1007. The apparatus of claim 1002, wherein the social influence metric is a
number of points associated with a social activity.
1008. The apparatus of claim 1007, wherein the discount is triggered when the
number of social activity points associated with the user exceeds a threshold.
1009. A processor-implemented method, comprising:
obtaining a request to purchase an encryption free universally resolvable
media content ("URMC") item from a user of the URMC service;
obtaining a purchase price associated with the content item;
determining whether the user meets a discount criteria for purchasing the
encryption free content item;
calculating, based on the determining, a discounted purchase price;
providing the user an option to purchase the encryption free content item
at the discounted purchase price;
receiving from the user an indication and an authorization to purchase the
encryption free content item;
charging an account associated with the user the discounted purchase
price; and
providing the user the encryption free content item.
1010. The method of claim 1009, wherein the discount criteria includes reaching

a threshold number of points via influencing activity.
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1011. The method of claim 1009, wherein the discount criteria includes having the
content item in a playlist created by the user.

1012. The method of claim 1011, wherein the purchase price is progressively
discounted by an amount for every degree of separation users that add the content.

1013. The method of claim 1009, wherein the discount criteria includes reaching
a threshold number of plays of the content item discovered via the user’s playlist or
library.

1014. The method of claim 1009, wherein the discount criteria includes reaching
a threshold number of users playing the content item discovered via the user's playlist
or library.

1015. The method of claim 1009, wherein the discount criteria includes reaching
a threshold number of encryption free purchases of content item.

1016. A system, comprising:

a memory;

a processor disposed in communication with said memory, and configured to
issue a plurality of processing instructions stored in the memory, wherein the processor
issues instructions to:

obtain a request to purchase an encryption free universally resolvable
media content ("URMC") item from a user of the URMC service;

obtain a purchase price associated with the content item;

determine whether the user meets a discount criteria for purchasing the
encryption free content item;

calculate, based on the determining, a discounted purchase price;
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1 provide the user an option to purchase the encryption free content item at
2 the discounted purchase price;
3 receive from the user an indication and an authorization to purchase the

4 encryption free content item;

5 charge an account associated with the user the discounted purchase price;
6 and

7 provide the user the encryption free content item.

8 1017. The system of claim 1016, wherein the discount criteria includes reaching a

9 threshold number of points via influencing activity.

10 1018. The system of claim 1016, wherein the discount criteria includes having the
11 content item in a playlist created by the user.

12 1019. The system of claim 1018, wherein the purchase price is progressively
13 discounted by an amount for every degree of separation users that add the content.

14 1020. The system of claim 1016, wherein the discount criteria includes reaching a
15 threshold number of plays of the content item discovered via the user's playlist or
16 library.

17 1021. The system of claim 1016, wherein the discount criteria includes reaching a
18 threshold number of users playing the content item discovered via the user's playlist or
19 library.

20 1022. The system of claim 1016, wherein the discount criteria includes reaching a
21 threshold number of encryption free purchases of content item.

22 1023. A processor-readable medium storing processor-issuable instructions,

23 wherein the processor issues instructions to:
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1 obtain a request to purchase an encryption free universally resolvable
2 media content ("URMC") item from a user of the URMC service;

3 obtain a purchase price associated with the content item;

4 determine whether the user meets a discount criteria for purchasing the
5 encryption free content item;

6 calculate, based on the determining, a discounted purchase price;

7 provide the user an option to purchase the encryption free content item at
8 the discounted purchase price;

9 receive from the user an indication and an authorization to purchase the
10 encryption free content item;

11 charge an account associated with the user the discounted purchase price;

12 and
13 provide the user the encryption free content item.
14 1024. The medium of claim 1023, wherein the discount criteria includes reaching

15 a threshold number of points via influencing activity.

16 1025. The medium of claim 1023, wherein the discount criteria includes having
17 the content item in a playlist created by the user.

18 1026. The medium of claim 1025, wherein the purchase price is progressively
19 discounted by an amount for every degree of separation users that add the content.

20 1027. The medium of claim 1023, wherein the discount criteria includes reaching
21 a threshold number of plays of the content item discovered via the user's playlist or

22 library.
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1028. The medium of claim 1023, wherein the discount criteria includes reaching

a threshold number of users playing the content item discovered via the user's playlist

or library.

a threshold number of encryption free purchases of content item.

1029. The medium of claim 1023, wherein the discount criteria includes reaching

1030. An apparatus, comprising:

a memory;

a processor disposed in communication with said memory, and configured to

issue a plurality of processing instructions stored in the memory, wherein the processor

issues instructions to:

media content ("URMC") item from a user of the URMC service;

obtain a request to purchase an encryption free universally resolvable

obtain a purchase price associated with the content item;

determine whether the user meets a discount criteria for purchasing the

encryption free content item;

calculate, based on the determining, a discounted purchase price;

provide the user an option to purchase the encryption free content item at

the discounted purchase price;

receive from the user an indication and an authorization to purchase the

encryption free content item;

and

charge an account associated with the user the discounted purchase price;

provide the user the encryption free content item.
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1031. The apparatus of claim 1030, wherein the discount criteria includes

reaching a threshold number of points via influencing activity.

1032. The apparatus of claim 1030, wherein the discount criteria includes having

the content item in a playlist created by the user.

1033. The apparatus of claim 1032, wherein the purchase price is progressively

discounted by an amount for every degree of separation users that add the content.

1034.

The apparatus of claim 1030, wherein the discount criteria includes

reaching a threshold number of plays of the content item discovered via the user's

playlist or library.

1035.

The apparatus of claim 1030, wherein the discount criteria includes

reaching a threshold number of users playing the content item discovered via the user's

playlist or library.

1036.

The apparatus of claim 1030, wherein the discount criteria includes

reaching a threshold number of encryption free purchases of content item.

1037. A processor-implemented method, comprising:

obtaining from a user of a universally resolvable media content ("URMC")

service a request to purchase an unlocked URMC item;

price;

URMC item;

obtaining a purchase price associated with the URMC item;

providing the user an option to purchase the URMC item at a purchase

receiving from the user an indication and an authorization to purchase the

charging an account associated with the user the purchase price; and

providing the user a mechanism for unlocking the URMC item.
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1 1038. A system, comprising:
2 a memory;
3 a processor disposed in communication with said memory, and configured to

4 issue a plurality of processing instructions stored in the memory, wherein the processor
5 issues instructions to:
6 obtain from a user of a universally resolvable media content ("URMC")

7 service a request to purchase an unlocked URMC item;

8 obtain a purchase price associated with the URMC item;
9 provide the user an option to purchase the URMC item at a purchase
10 price;

11 receive from the user an indication and an authorization to purchase the

12 URMC item;

13 charge an account associated with the user the purchase price; and

14 provide the user a mechanism for unlocking the URMC item.

15 1039. A processor-readable medium storing processor-issuable instructions,

16 wherein the processor issues instructions to:
17 obtain from a user of a universally resolvable media content ("URMC")

18 service a request to purchase an unlocked URMC item;

19 obtain a purchase price associated with the URMC item;

20 provide the user an option to purchase the URMC item at a purchase
21 price;

22 receive from the user an indication and an authorization to purchase the
23 URMC item;

2% charge an account associated with the user the purchase price; and
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1 provide the user a mechanism for unlocking the URMC item.

2 1040. An apparatus, comprising:
3 a memory;
4 a processor disposed in communication with said memory, and configured to

5 issue a plurality of processing instructions stored in the memory, wherein the processor
6 issues instructions to:
7 obtain from a user of a universally resolvable media content ("URMC")

8 service a request to purchase an unlocked URMC item;

9 obtain a purchase price associated with the URMC item;

10 provide the user an option to purchase the URMC item at a purchase
11 price;

12 receive from the user an indication and an authorization to purchase the
13 URMC item;

14 charge an account associated with the user the purchase price; and

15 provide the user a mechanism for unlocking the URMC item.

16 1041. A processor implemented method comprising:

17 detecting a request to engage a universally resolvable media content

18 ("URMC") item;

19 obtaining an expiration date for a URMC license token associated with the
20 URMC item;

21 determining, based on the obtained expiration date, whether the license
22 token is expired;

23 discarding a license key associated with the expired license token;
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1 denying the request to engage the URMC item with the associated expired
2 license token;

3 providing a request for an updated token and requisite credentials for the

~

updated token;

5 obtaining a response including an updated token; and

6 engaging the requested URMC item with an associated valid updated
7 token.

8 1042. The method of claim 1041, wherein the response includes a user node
9 identifier and at least one subscription node identifier.

10 1043. The method of claim 1042, wherein the response includes the user node to
11 the at least one subscription node link.

12 1044. The method of claim 1043, wherein the subscription node specifies a
13 territory where a user's device is licensed for use.

14 1045. The method of claim 1043, wherein the subscription node specifies a
15 territory where the URMC item is licensed for use.

16 1046. The method of claim 1041, wherein the response includes a user to device
17 link having an associated expiration date.

18 1047. The method of claim 1043, further comprising retrieving a key for territory

19 specified by the subscription node for decrypting encryption for engaging the URMC

20 item.
21 1048. A system, comprising:
22 a memory;
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1 a processor disposed in communication with said memory, and configured to
2 issue a plurality of processing instructions stored in the memory, wherein the processor
3 issues instructions to:

4 detect a request to engage a universally resolvable media content

5 ("URMC") item;

6 obtain an expiration date for a URMC license token associated with the
7 URMC item;
8 determine, based on the obtained expiration date, whether the license

9 token is expired;

10 discard a license key associated with the expired license token;

11 deny the request to engage the URMC item with the associated expired
12 license token;

13 provide a request for an updated token and requisite credentials for the

14 updated token;

15 obtain a response including an updated token; and
16 engage the requested URMC item with an associated valid updated token.
17 1049. The system of claim 1048, wherein the response includes a user node

18 identifier and at least one subscription node identifier.

19 1050. The system of claim 1049, wherein the response includes the user node to
20 the at least one subscription node link.

21 1051. The system of claim 1050, wherein the subscription node specifies a

2 territory where a user's device is licensed for use.

N

23 1052. The system of claim 1050, wherein the subscription node specifies a

24 territory where the URMC item is licensed for use.
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1 1053. The system of claim 1048, wherein the response includes a user to device
2 link having an associated expiration date.

3 1054. The system of claim 1050, further comprising instructions to retrieve a key
4 for territory specified by the subscription node for decrypting encryption for engaging
5 the URMC item.

6 1055. A processor-readable medium storing processor-issuable instructions,
7 wherein the processor issues instructions to:

8 detect a request to engage a universally resolvable media content
9 ("URMC") item;

10 obtain an expiration date for a URMC license token associated with the
11 URMC item;

12 determine, based on the obtained expiration date, whether the license
13 token is expired;

14 discard a license key associated with the expired license token;

15 deny the request to engage the URMC item with the associated expired

16 license token;

17 provide a request for an updated token and requisite credentials for the
18 updated token;

19 obtain a response including an updated token; and

20 engage the requested URMC item with an associated valid updated token.
21 1056. The medium of claim 1055, wherein the response includes a user node

22 identifier and at least one subscription node identifier.
23 1057. The medium of claim 1056, wherein the response includes the user node to

24 the at least one subscription node link.
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1 1058. The medium of claim 1057, wherein the subscription node specifies a
2 territory where a user's device is licensed for use.

3 1059. The medium of claim 1057, wherein the subscription node specifies a
4 territory where the URMC item is licensed for use.

5 1060. The medium of claim 1055, wherein the response includes a user to device
6 link having an associated expiration date.

7 1061. The medium of claim 1057, further comprising instructions to retrieve a key
8 for territory specified by the subscription node for decrypting encryption for engaging

9 the URMC item.

10 1062. An apparatus, comprising:
11 a memory;
12 a processor disposed in communication with said memory, and configured to

13 issue a plurality of processing instructions stored in the memory, wherein the processor
14 issues instructions to:
15 detect a request to engage a universally resolvable media content

16 ("URMC") item;

17 obtain an expiration date for a URMC license token associated with the
18 URMC item;
19 determine, based on the obtained expiration date, whether the license

20 token is expired;
21 discard a license key associated with the expired license token;
22 deny the request to engage the URMC item with the associated expired

23 license token;
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1 provide a request for an updated token and requisite credentials for the

2 updated token;

3 obtain a response including an updated token; and
4 engage the requested URMC item with an associated valid updated token.
5 1063. The apparatus of claim 1062, wherein the response includes a user node

¢ identifier and at least one subscription node identifier.

7 1064. The apparatus of claim 1063, wherein the response includes the user node
8 to the at least one subscription node link.

9 1065. The apparatus of claim 1064, wherein the subscription node specifies a

territory where a user's device is licensed for use.

o

11 1066. The apparatus of claim 1064, wherein the subscription node specifies a

2 territory where the URMC item is licensed for use.

13 1067. The apparatus of claim 1062, wherein the response includes a user to
14 device link having an associated expiration date.

15 1068. The apparatus of claim 1064, further comprising instructions to retrieve a
16 key for territory specified by the subscription node for decrypting encryption for
17 engaging the URMC item.

18 1069. A processor-implemented method, comprising:

19 obtaining a request for a license token for decrypting a universally
20 resolvable media content ("URMC") item for a user of the URMC service;

21 determining whether an issued link between the user and at least one
22 device associated with the request is valid;

23 obtaining confirmation of at least one instance of content usage reporting

24 for the issued link from the device;
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determining, based on the valid issued link and the obtained confirmation,

an expiration date for a new link;

generating and sending the requested license token for the new link to the

device; and
issuing and sending the new link to the device.
1070. A system, comprising:

a memory;

a processor disposed in communication with said memory, and configured to

issue a plurality of processing instructions stored in the memory, wherein the processor

issues instructions to:

obtain a request for a license token for decrypting a universally resolvable

media content ("URMC") item for a user of the URMC service;

determine whether an issued link between the user and at least one device

associated with the request is valid;

obtain confirmation of at least one instance of content usage reporting for

the issued link from the device;

determine, based on the valid issued link and the obtained confirmation,

an expiration date for a new link;

generate and send the requested license token for the new link to the

device; and

issue and send the new link to the device.

1071. A processor-readable medium storing processor-issuable instructions,

wherein the processor issues instructions to:
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obtain a request for a license token for decrypting a universally resolvable

media content ("URMC") item for a user of the URMC service;

determine whether an issued link between the user and at least one device

associated with the request is valid;

obtain confirmation of at least one instance of content usage reporting for

the issued link from the device;

determine, based on the valid issued link and the obtained confirmation,

an expiration date for a new link;

generate and send the requested license token for the new link to the

device; and
issue and send the new link to the device.
1072. An apparatus, comprising:

a memory;

a processor disposed in communication with said memory, and configured to

issue a plurality of processing instructions stored in the memory, wherein the processor

issues instructions to:

obtain a request for a license token for decrypting a universally resolvable

media content ("URMC") item for a user of the URMC service;

determine whether an issued link between the user and at least one device

associated with the request is valid;

obtain confirmation of at least one instance of content usage reporting for

the issued link from the device;

determine, based on the valid issued link and the obtained confirmation,

an expiration date for a new link;

LINKPLAY EXHIBIT 1004
Page 1225 of 4822



WO 2012/050927 PCT/US2011/053780
319

1 generate and send the requested license token for the new link to the
2 device; and
3 issue and send the new link to the device.

4
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TITLE: SYSTEMS, METHODS, APPARATUS, AND ARTICLES OF MANUFACTURE
TO PROVIDE A CROWD-SOURCED PLAYLIST WITH GUEST ACCESS

FIELD OF THE DISCLOSURE
[0001] The disclosure is related to consumer goods and, more particularly, to systems, products,

features, services, and other items directed to media playback or some aspect thereof.

BACKGROUND
[0002] Technological advancements have increased the accessibility of music content, as well
as other types of media, such as television content, movies, and interactive content. For example,
a user can access audio, video, or both audio and video content over the Internet through an
online store, an Internet radio station, a music service, a movie service, and so on, in addition to
the more traditional avenues of accessing audio and video content. Demand for audio, video, and

both audio and video content inside and outside of the home continues to increase.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Features, aspects, and advantages of the presently disclosed technology are better
understood with regard to the following description, appended claims, and accompanying

drawings where:

[0011] Figure 1 shows an illustration of an example system in which embodiments of the

methods and apparatus disclosed herein can be implemented;

[0012] Figure 2A shows an illustration of an example zone player having a built-in amplifier

and speakers;

[0013] Figure 2B shows an illustration of an example zone player having a built-in amplifier

and connected to external speakers;

[0014] Figure 2C shows an illustration of an example zone player connected to an A/V receiver

and speakers;

[0015] Figure 3 shows an illustration of an example controller;

[0016] Figure 4 shows an internal functional block diagram of an example zone player;
[0017] Figure 5 shows an internal functional block diagram of an example controller;

[0018] Figure 6 depicts an example shared listening zone group including multiple zones in
which multiple users, via multiple controllers can control music played in the zone group via a

plurality of media playback devices;

[0019] Figure 7 illustrates a flow diagram of an example method to implement a party playlist

mode in a media playback system;

[0020] Figure 8 illustrates a flow diagram of an example method to facilitate addition of

content to a party playlist.

[0021] Figures 9-15 illustrate example user interfaces facilitating content selection, playback

and configuration in a party playlist mode.

[0022] In addition, the drawings are for the purpose of illustrating example embodiments, but it
is understood that the present disclosure is not limited to the arrangements and instrumentality

shown in the drawings.
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DETAILED DESCRIPTION
L Overview

[0023] Listening to audio content out loud can be a social activity that involves family, friends,
or both. Audio content may include, for instance, music, talk radio, books, audio from television,
and other audible material. For example, in a household, people may play music out loud at
parties and other social gatherings. In such an environment, people may wish to play the music in
one listening zone or multiple listening zones simultaneously, such that the music in each
listening zone may be synchronized, without audible echoes or glitches. Such an experience may
be further enriched when people, for example, browse audio sources, add a music track to a
playback queue, learn more about a music track (such as track title or track artists), or view what

music track is next in the playback queue.

[0024] Listening to audio content out loud can also be an individual experience. For example,
an individual may play music out loud for themselves in the morning before work, in the evening
during dinner, or at other times throughout the day at home, work, or on the road. For these
individual experiences, the individual may choose to either use headphones, or limit the out loud

playback of audio content to a single zone or area.

[0025] Discovery of audio can also be an important element of the experience. By way of
illustration, discovery may involve friends sharing their latest favorite new song, artist, or
playlist with each other. In some cases, discovery may involve browsing music magazines and
periodicals that regularly review the latest releases. In addition, some online music services,
radio stations, and disc jockeys are also means for people to share and discover new music or

audio.

[0026] Example systems, methods, apparatus, and articles of manufacture disclosed herein
provide for configuration of a playback system in a restricted access mode (e.g., a party playlist
mode) in which authorized or other participating users can access and interact with a certain
specified set of content and system function. For example, an authorized user can view a library
of available content for playback and select content to be added to the playlist (e.g., perhaps
subject to approval of the host/moderator and/or a vote of other participants). Example systems

and methods disclosed and described herein may be advantageously used to provide improved
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usability and configurability for varied playback of media content (e.g., audio and/or video) in a

network environment.

[0027] Many other embodiments are provided and described herein.

11. An Example Operating Environment

[0028] Referring now to the drawings, in which like numerals can refer to like parts throughout
the figures, Figure 1 shows an example system 100 in which one or more embodiments disclosed

herein can be practiced or implemented.

[0029] By way of illustration, system 100 represents a home presently configured with
multiple zones, though the home could have been configured with only one zone. Each zone in
the home, for example, may represent a different room or space, such as an office, bathroom,
bedroom, kitchen, dining room, family room, home theater room, utility or laundry room, and
patio. A single zone might also include multiple rooms if so configured. One or more of zone
players 102-124 are shown in each respective zone of the home. A zone player 102-124, also
referred to as a playback device, multimedia unit, speaker, player, and so on, provides audio,
video, and/or audiovisual output. Controller 130 provides control to system 100. Controller 130
may be fixed to a zone, or alternatively, mobile such that it can be moved about the zones.
System 100 may also include more than one controller 130. System 100 illustrates an example
whole house audio system, though it is understood that the technology described herein is not
limited to its particular place of application or to an expansive system like a whole house audio

system 100 of Figure 1.
a. Example zone players

[0030] Figures 2A, 2B, and 2C show example types of zone players. Zone players 200, 202,
and 204 of Figures 2A, 2B, and 2C, respectively, can correspond to any of the zone players 102-
124 of Figure 1, for example. In some embodiments, audio is reproduced using only a single
zone player, such as by a full-range player. In some embodiments, audio is reproduced using two
or more zone players, such as by using a combination of full-range players or a combination of
full-range and specialized players. In some embodiments, zone players 200-204 may also be
referred to as a “smart speaker,” because they contain processing capabilities beyond the

reproduction of audio, more of which is described below.
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[0031] Figure 2A illustrates zone player 200 that includes sound producing equipment 208
capable of reproducing full-range sound. The sound may come from an audio signal that is
received and processed by zone player 200 over a wired or wireless data network. Sound
producing equipment 208 includes one or more built-in amplifiers and one or more speakers. A
built-in amplifier is described more below with respect to Figure 4. A speaker or acoustic
transducer can include, for example, any of a tweeter, a mid-range driver, a low-range driver, and
a subwoofer. In some embodiments, zone player 200 can be statically or dynamically configured
to play stereophonic audio, monaural audio, or both. In some embodiments, zone player 200 is
configured to reproduce a subset of full-range sound, such as when zone player 200 is grouped
with other zone players to play stereophonic audio, monaural audio, and/or surround audio or

when the audio content received by zone player 200 is less than full-range.

[0032] Figure 2B illustrates zone player 202 that includes a built-in amplifier to power a set of
detached speakers 210. A detached speaker can include, for example, any type of loudspeaker.
Zone player 202 may be configured to power one, two, or more separate loudspeakers. Zone
player 202 may be configured to communicate an audio signal (e.g., right and left channel audio

or more channels depending on its configuration) to the detached speakers 210 via a wired path.

[0033] Figure 2C illustrates zone player 204 that does not include a built-in amplifier, but is
configured to communicate an audio signal, received over a data network, to an audio (or

“audio/video™) receiver 214 with built-in amplification.

[0034] Referring back to Figure 1, in some embodiments, one, some, or all of the zone players
102 to 124 can retrieve audio directly from a source. For example, a zone player may contain a
playlist or queue of audio items to be played (also referred to herein as a “playback queue”).
Each item in the queue may comprise a uniform resource identifier (URI) or some other
identifier. The URI or identifier can point the zone player to the audio source. The source might
be found on the Internet (e.g., the cloud), locally from another device over data network 128, the
controller 130, stored on the zone player itself, or from an audio source communicating directly
to the zone player. In some embodiments, the zone player can reproduce the audio itself, send it
to another zone player for reproduction, or both where the audio is played by the zone player and

one or more additional zone players in synchrony. In some embodiments, the zone player can
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play a first audio content (or not play at all), while sending a second, different audio content to

another zone player(s) for reproduction.

[0035] By way of illustration, SONOS, Inc. of Santa Barbara, California presently offers for
sale zone players referred to as a “PLAY:5,” “PLAY:3,” “CONNECT:AMP,” “CONNECT,” and
“SUB.” Any other past, present, and/or future zone players can additionally or alternatively be
used to implement the zone players of example embodiments disclosed herein. Additionally, it is
understood that a zone player is not limited to the particular examples illustrated in Figures 24,
2B, and 2C or to the SONOS product offerings. For example, a zone player may include a wired
or wireless headphone. In yet another example, a zone player might include a sound bar for
television. In yet another example, a zone player can include or interact with a docking station

for an Apple IPOD™ or similar device.
b. Example controllers

[0036] Figure 3 illustrates an example wireless controller 300 in docking station 302. By way
of illustration, controller 300 can correspond to controlling device 130 of Figure 1. Docking
station 302, if provided, may be used to charge a battery of controller 300. In some
embodiments, controller 300 is provided with a touch screen 304 that allows a user to interact
through touch with the controller 300, for example, to retrieve and navigate a playlist of audio
items, control operations of one or more zone players, and provide overall control of the system
configuration 100. In certain embodiments, any number of controllers can be used to control the
system configuration 100. In some embodiments, there can be a limit set on the number of
controllers that can control the system configuration 100. The controllers might be wireless like

wireless controller 300 or wired to data network 128.

[0037] In some embodiments, if more than one controller is used in system 100, then each
controller may be coordinated to display common content, and may all be dynamically updated
to indicate changes made from a single controller. Coordination can occur, for instance, by a
controller periodically requesting state information directly or indirectly from one or more zone
players; the state information may provide information about system 100, such as current zone
group configuration, what is playing in one or more zones, volume levels, and other items of
interest. The state information may be passed around on data network 128 between zone players

(and controllers, if so desired) as needed or as often as programmed.

SUBSTITUTE SHEET (RULE 26)

LINKPLAY EXHIBIT 1004
Page 1299 of 4822



WO 2014/004182 PCT/US2013/046386

[0038] In addition, an application running on any network-enabled portable device, such as an
IPHONE™, [IPAD™, ANDROID™ powered phone, or any other smart phone or network-
enabled device can be used as controller 130. An application running on a laptop or desktop
personal computer (PC) or MAC™ can also be used as controller 130. Such controllers may
connect to system 100 through an interface with data network 128, a zone player, a wireless
router, or using some other configured connection path. Example controllers offered by SONOS,
Inc. of Santa Barbara, California include a “Controller 200,” “SONOS® CONTROL.” “SONOS®
Controller for IPHONE™,” “SONOS® Controller for IPAD™,” “SONOS® Controller for
ANDROQID™, “SONOS® Controller for MAC or PC.”

c. Example data connection

[0039] Zone players 102 to 124 of Figure 1 are coupled directly or indirectly to a data network,
such as data network 128. Controller 130 may also be coupled directly or indirectly to data
network 128 or individual zone players. Data network 128 is represented by an octagon in the
figure to stand out from other representative components. While data network 128 is shown in a
single location, it is understood that such a network is distributed in and around system 100.
Particularly, data network 128 can be a wired network, a wireless network, or a combination of
both wired and wireless networks. In some embodiments, one or more of the zone players 102-
124 are wirelessly coupled to data network 128 based on a proprietary mesh network. In some
embodiments, one or more of the zone players 102-124 are wirelessly coupled to data network
128 using a non-mesh topology. In some embodiments, one or more of the zone players 102-124
are coupled via a wire to data network 128 using Ethernet or similar technology. In addition to
the one or more zone players 102-124 connecting to data network 128, data network 128 can

further allow access to a wide area network, such as the Internet.

[0040] In some embodiments, connecting any of the zone players 102-124, or some other
connecting device, to a broadband router, can create data network 128. Other zone players 102-
124 can then be added wired or wirelessly to the data network 128. For example, a zone player
(e.g., any of zone players 102-124) can be added to the system configuration 100 by simply
pressing a button on the zone player itself (or perform some other action), which enables a
connection to be made to data network 128. The broadband router can be connected to an

Internet Service Provider (ISP), for example. The broadband router can be used to form another
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data network within the system configuration 100, which can be used in other applications (e.g.,
web surfing). Data network 128 can also be used in other applications, if so programmed. An
example, second network may implement SonosNet protocol, developed by SONOS, Inc. of
Santa Barbara. Sonsonate represents a secure, AES-encrypted, peer-to-peer wireless mesh
network. Alternatively, in certain embodiments, the data network 128 is the same network, such

as a traditional wired or wireless network, used for other applications in the household.
d. Example zone configurations

[0041] A particular zone can contain one or more zone players. For example, the family room
of Figure 1 contains two zone players 106 and 108, while the kitchen is shown with one zone
player 102. In another example, the home theater room contains additional zone players to play
audio from a 5.1 channel or greater audio source (e.g., a movie encoded with 5.1 or greater audio
channels). In some embodiments, one can position a zone player in a room or space and assign
the zone player to a new or existing zone via controller 130. As such, zones may be created,
combined with another zone, removed, and given a specific name (e.g., “Kitchen™), if so desired
and programmed to do so with controller 130. Moreover, in some embodiments, zone
configurations may be dynamically changed even after being configured using controller 130 or

some other mechanism.

[0042] In some embodiments, if a zone contains two or more zone players, such as the two
zone players 106 and 108 in the family room, then the two zone players 106 and 108 can be
configured to play the same audio source in synchrony, or the two zone players 106 and 108 can
be paired, allowing the separate audio channels to be played by different players, for example. In
other words, the stereo effects of a sound can be reproduced or enhanced through the two zone
players 106 and 108, one for the left sound and the other for the right sound. In certain
embodiments, paired zone players (also referred to as “bonded zone players™) can play audio in

synchrony with other zone players in the same or different zones.

[0043] In some embodiments, two or more zone players can be sonically consolidated to form
a single, consolidated zone player. A consolidated zone player (though made up of multiple,
separate devices) can be configured to process and reproduce sound differently than an
unconsolidated zone player or zone players that are paired, because a consolidated zone player

will have additional speaker drivers from which sound can be passed. The consolidated zone
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player can further be paired with a single zone player or yet another consolidated zone player.
Each playback device of a consolidated playback device can be set in a consolidated mode, for

example.

[0044] According to some embodiments, one can continue to do any of: group, consolidate,
and pair zone players, for example, until a desired configuration is complete. The actions of
grouping, consolidation, and pairing are preferably performed through a control interface, such
as using controller 130, and not by physically connecting and re-connecting speaker wire, for
example, to individual, discrete speakers to create different configurations. As such, certain
embodiments described herein provide a more flexible and dynamic platform through which

sound reproduction can be offered to the end-user.
e. Example audio sources

[0045] In some embodiments, each zone can play from the same audio source as another zone
or each zone can play from a different audio source. For example, someone can be grilling on the
patio and listening to jazz music via zone player 124, while someone is preparing food in the
kitchen and listening to classical music via zone player 102. Further, someone can be in the
office listening to the same jazz music via zone player 110 that is playing on the patio via zone
player 124. In some embodiments, the jazz music played via zone players 110 and 124 is played
in synchrony. Synchronizing playback amongst zones allows for someone to pass through zones
while seamlessly (or substantially seamlessly) listening to the audio. Further, zones can be put

into a “party mode’ such that all associated zones will play audio in synchrony.

[0046] Sources of audio content to be played by zone players 102-124 are numerous. In some
embodiments, music on a zone player itself may be accessed and a played. In some
embodiments, music from a personal library stored on a computer or networked-attached storage
(NAS) may be accessed via the data network 128 and played. In some embodiments, Internet
radio stations, shows, and podcasts can be accessed via the data network 128. Music or cloud
services that let a user stream and/or download music and audio content can be accessed via the
data network 128. Further, music can be obtained from traditional sources, such as a turntable or
CD player, via a line-in connection to a zone player, for example. Audio content can also be
accessed using a different protocol, such as AIRPLAY™, which is a wireless technology by

Apple, Inc., for example. Audio content received from one or more sources can be shared
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amongst the zone players 102 to 124 via data network 128 and/or controller 130. The above-
disclosed sources of audio content are referred to herein as network-based audio information

sources. However, network-based audio information sources are not limited thereto.

[0047] In some embodiments, the example home theater zone players 116, 118, 120 are
coupled to an audio information source such as a television 132. In some examples, the
television 132 is used as a source of audio for the home theater zone players 116, 118, 120, while
in other examples audio information from the television 132 can be shared with any of the zone

players 102-124 in the audio system 100.

111, Zone Players

[0048] Referring now to Figure 4, there is shown an example block diagram of a zone player
400 in accordance with an embodiment. Zone player 400 includes a network interface 402, a
processor 408, a memory 410, an audio processing component 412, one or more modules 414, an
audio amplifier 416, and a speaker unit 418 coupled to the audio amplifier 416. Figure 2A shows
an example illustration of such a zone player. Other types of zone players may not include the
speaker unit 418 (e.g., such as shown in Figure 2B) or the audio amplifier 416 (e.g., such as
shown in Figure 2C). Further, it is contemplated that the zone player 400 can be integrated into
another component. For example, the zone player 400 could be constructed as part of a

television, lighting, or some other device for indoor or outdoor use.

[0049] In some embodiments, network interface 402 facilitates a data flow between zone
player 400 and other devices on a data network 128. In some embodiments, in addition to getting
audio from another zone player or device on data network 128, zone player 400 may access
audio directly from the audio source, such as over a wide area network or on the local network.
In some embodiments, the network interface 402 can further handle the address part of each
packet so that it gets to the right destination or intercepts packets destined for the zone player
400. Accordingly, in certain embodiments, each of the packets includes an Internet Protocol (IP)-

based source address as well as an IP-based destination address.

[0050] In some embodiments, network interface 402 can include one or both of a wireless
interface 404 and a wired interface 406. The wireless interface 404, also referred to as a radio
frequency (RF) interface, provides network interface functions for the zone player 400 to

wirelessly communicate with other devices (e.g., other zone player(s), speaker(s), receiver(s),
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component(s) associated with the data network 128, and so on) in accordance with a
communication protocol (e.g., any wireless standard including IEEE 802.11a, 802.11b, 802.11g,
802.11n, or 802.15). Wireless interface 404 may include one or more radios. To receive wireless
signals and to provide the wireless signals to the wireless interface 404 and to transmit wireless
signals, the zone player 400 includes one or more antennas 420. The wired interface 406
provides network interface functions for the zone player 400 to communicate over a wire with
other devices in accordance with a communication protocol (e.g., IEEE 802.3). In some
embodiments, a zone player includes both of the interfaces 404 and 406. In some embodiments, a

zone player 400 includes only the wireless interface 404 or the wired interface 406.

[0051] In some embodiments, the processor 408 is a clock-driven electronic device that is
configured to process input data according to instructions stored in memory 410. The memory
410 is data storage that can be loaded with one or more software module(s) 414, which can be
executed by the processor 408 to achieve certain tasks. In the illustrated embodiment, the
memory 410 is a tangible machine-readable medium storing instructions that can be executed by
the processor 408. In some embodiments, a task might be for the zone player 400 to retrieve
audio data from another zone player or a device on a network (e.g., using a uniform resource
locator (URL) or some other identifier). In some embodiments, a task may be for the zone player
400 to send audio data to another zone player or device on a network. In some embodiments, a
task may be for the zone player 400 to synchronize playback of audio with one or more
additional zone players. In some embodiments, a task may be to pair the zone player 400 with
one or more zone players to create a multi-channel audio environment. Additional or alternative

tasks can be achieved via the one or more software module(s) 414 and the processor 408.

[0052] The audio processing component 412 can include one or more digital-to-analog
converters (DAC), an audio preprocessing component, an audio enhancement component or a
digital signal processor, and so on. In some embodiments, the audio processing component 412
may be part of processor 408. In some embodiments, the audio that is retrieved via the network
interface 402 is processed and/or intentionally altered by the audio processing component 412.
Further, the audio processing component 412 can produce analog audio signals. The processed
analog audio signals are then provided to the audio amplifier 416 for play back through speakers
418. In addition, the audio processing component 412 can include circuitry to process analog or

digital signals as inputs to play from zone plaver 400. send to another zone player on a network,
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or both play and send to another zone player on the network. An example input includes a line-in

connection (e.g., an auto-detecting 3.5mm audio line-in connection).

[0053] The audio amplifier 416 is a device(s) that amplifies audio signals to a level for driving
one or more speakers 418. The one or more speakers 418 can include an individual transducer
(e.g.,a “driver”) or a complete speaker system that includes an enclosure including one or more
drivers. A particular driver can be a subwoofer (e.g., for low frequencies), a mid-range driver
(e.g., for middle frequencies), and a tweeter (e.g., for high frequencies), for example. An
enclosure can be sealed or ported, for example. Each transducer may be driven by its own

individual amplifier.

[0054] A commercial example, presently known as the PLAY:5, is a zone player with a built-
in amplifier and speakers that is capable of retrieving audio directly from the source, such as on
the Internet or on the local network, for example. In particular, the PLAY:S is a five-amp, five-
driver speaker system that includes two tweeters, two mid-range drivers, and one woofer. When
playing audio content via the PLAY:5, the left audio data of a track is sent out of the left tweeter
and left mid-range driver, the right audio data of a track is sent out of the right tweeter and the
right mid-range driver, and mono bass is sent out of the subwoofer. Further, both mid-range
drivers and both tweeters have the same equalization (or substantially the same equalization).
That is, they are both sent the same frequencies, but from different channels of audio. Audio
from Internet radio stations, online music and video services, downloaded music, analog audio

inputs, television, DVD, and so on, can be played from the PLAY:5.
IV.  Controller

[0055] Referring now to Figure 5, there is shown an example block diagram for controller 500,
which can correspond to the controlling device 130 in Figure 1. Controller 500 can be used to
facilitate the control of multi-media applications, automation and others in a system. In
particular, the controller 500 may be configured to facilitate a selection of a plurality of audio
sources available on the network and enable control of one or more zone players (e.g., the zone
players 102-124 in Figure 1) through a wireless or wired network interface 508. According to
one embodiment, the wireless communications is based on an industry standard (e.g., infrared,
radio, wireless standard including IEEE 802.11a, 802.11b 802.11g, 802.11n, or 802.15, and so

on). Further, when a particular audio is being accessed via the controller 500 or being played via
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a zone player, a picture (e.g., album art) or any other data, associated with the audio and/or audio
source can be transmitted from a zone player or other electronic device to controller S00 for

display.

[0056] Controller 500 is provided with a screen 502 and an input interface 514 that allows a
user to interact with the controller 500, for example, to navigate a playlist of many multimedia
items and to control operations of one or more zone players. The screen 502 on the controller
500 can be an LCD screen, for example. The screen 500 communicates with and is commanded
by a screen driver 504 that is controlled by a microcontroller (e.g., a processor) 506. The
memory 510 can be loaded with one or more application modules 512 that can be executed by
the microcontroller 506 with or without a user input via the user interface 514 to achieve certain
tasks. In some embodiments, an application module 512 is configured to facilitate grouping a
number of selected zone players into a zone group and synchronizing the zone players for audio
play back. In some embodiments, an application module 512 is configured to control the audio
sounds (e.g., volume) of the zone players in a zone group. In operation, when the microcontroller
506 executes one or more of the application modules 512, the screen driver 504 generates control

signals to drive the screen 502 to display an application specific user interface accordingly.

[0057] The controller 500 includes a network interface 508 that facilitates wired or wireless
communication with a zone player. In some embodiments, the commands such as volume control
and audio playback synchronization are sent via the network interface 508. In some
embodiments, a saved zone group configuration is transmitted between a zone player and a
controller via the network interface 508. The controller 500 can control one or more zone
players, such as 102-124 of Figure 1. There can be more than one controller for a particular
system, and each controller may share common information with another controller, or retrieve
the common information from a zone player, if such a zone player stores configuration data (e.g.,

such as state information). Further, a controller can be integrated into a zone player.

[0058] It should be noted that other network-enabled devices such as an IPHONE® IPAD® or
any other smart phone or network-enabled device (e.g., a networked computer such as a PC or
MAC®) can also be used as a controller to interact or control zone players in a particular
environment. In some embodiments, a software application or upgrade can be downloaded onto a

network-enabled device to perform the functions described herein.
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[0059] In certain embodiments, a user can create a group or collection of zones referred to as a
bonded zone including at least two zone players from the controller 500. The zone players in the
bonded zone can play audio in a synchronized fashion, such that all of the zone players in the
group play back an identical audio source or a list of identical audio sources in a synchronized
manner such that no (or substantially no) audible delays or hiccups are to be heard. Similarly, in
some embodiments, when a user increases the audio volume of the group from the controller
500, the signals or data of increasing the audio volume for the group are sent to one of the zone

players and causes other zone players in the group to be increased together in volume.

[0060] A user via the controller 500 can group zone players into a zone group by activating a
“Link Zones” or “Add Zone” soft button, or de-grouping a zone group by activating an “Unlink
Zones” or “Drop Zone” button. For example, one mechanism for ‘joining’ zone players together
for audio play back is to link a number of zone players together to form a group. To link a
number of zone players together, a user can manually link each zone player or room one after the
other. For example, assume that there is a multi-zone system that includes the following zones:

Bathroom, Bedroom, Den, Dining Room, Family Room, and Foyer.

[0061] In certain embodiments, a user can link any number of the zone players (e.g., six zone
players available in the example above), for example, by starting with a single zone and then

manually linking each zone to that zone.

[0062] In certain embodiments, a set of zones can be dynamically linked together using a
command to create a zone scene or theme (subsequent to first creating the zone scene). For
instance, a “Morning” zone scene command can link the Bedroom, Office, and Kitchen zones
together in one action. Without this single command, the user would manually and individually
link each zone. The single command may include a mouse click, a double mouse click, a button
press, a gesture, or some other programmed action. Other kinds of zone scenes can be

programmed.

[0063] In certain embodiments, a zone scene can be triggered based on time (e.g., an alarm
clock function). For instance, a zone scene can be set to apply at 8:00 am. The system can link
appropriate zones automatically, set specific music to play, and then stop the music after a
defined duration. Although any particular zone can be triggered to an “On” or “Off” state based

on time, for example, a zone scene enables any zone(s) linked to the scene to play a predefined
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audio (e.g., a favorable song, a predefined playlist) at a specific time and/or for a specific
duration. If, for any reason, the scheduled music failed to be played (e.g., an empty playlist, no
connection to a share, failed Universal Plug and Play (UPnP), no Internet connection for an
Internet Radio station, and so on), a backup buzzer can be programmed to sound. The buzzer can

include a sound file that is stored in a zone player, for example.

V. Example Configuration Systems and Methods

[0064] In an example system such as the ones shown in Figures 1 and 6, where multiple users
can listen to the same audio content through one or more zone players such as those shown in
Figures 2 and 4, the ability to provide crowd-sourced playlists and/or facilitate guest access to

music services may be valuable.

[0065] An example system is shown in Figure 6, whereby a zone group 600 includes two
zones, a Dining Room zone 610 and a Living Room zone 620, in which multiple users, via
multiple controllers 630-633, can control the audio that is played in the zone group 600 via a
plurality of playback devices 640-642 (e.g., a plurality of zone players and/or other media
playback devices such as shown and described in Figures 1-4). As shown in the example of
Figure 6, a media playback system can be configured to accept control and/or other input from
multiple controllers 630-633, such as a controller 500, a smartphone, a tablet computer, a laptop
computer, and/or other controlling device. Control, however, may be limited or otherwise

restricted according to system permissions, preferences, etc., set by default, by owner, and so on.

[0066] In certain embodiments, a party playlist mode enables users with a phone or other
controller (e.g., other device running a controller software application, etc.) that has access to the
playback network to control music playback. In some embodiments, playback control includes
adding content to a playback system, such as adding content to a playback queue (e.g., party
playlist). In other embodiments, playback control includes moderation of content playback, such
as moderating the content added to the party playlist. In some embodiments, the party playlist
mode can facilitate moderation of content playback to users with a phone or other controller that
has access to the playback network. In some embodiments, moderation of content playback can
start with a single moderator and evolve to multiple moderators as time evolves (e.g., as the party
goes on), for example. In one example embodiment, people with access to the playback network

can be notified when new tracks are added and be asked to vote regarding addition of the track to
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the playlist. In another example embodiment, the order or timing of the newly added track in the

playlist can be voted on as well by people with access to the playback network.

[0067] In certain embodiments, playlist contributors are identified with the tracks they add and
the identification of the contributors is shared with everyone to view. In this way, for example,
listeners can know who added which song or track to the party playlist. In one example
embodiment, the playlist contributor is not identified until their contribution has been accepted

into the party playlist.

[0068] Certain embodiments provide guest access to allow participants in the playback system
to bring their own content to the system on a temporary basis. For example, people can provide
access to their music service accounts, the content on their mobile phones, their content stored in

the cloud, and so on, for a temporary basis.

[0069] In certain embodiments, duplicate tracks or songs being added to the party playlist can
be identified and rejected. For example, multiple users may simultaneously (or substantially
simultaneously) add the same song or track to the playlist. To avoid multiple occurrences of the

same song or track, the system can automatically reject duplicates.

[0070] Certain embodiments provide limited user access to control music playback in a shared
environment. In some embodiments limited user access may apply restrictions on an entire media
playback system, a single listening zone, and/or a listening zone group. In some example
embodiments, limited user access may include restricting playback in certain specified listening
zones and/or zone groups. In another example embodiment, limited user access may include
restricting playback for a fixed time interval, during a particular time-of-day, and/or on a

recurring basis.

[0071] In an example embodiment, limited user access includes a party playlist that gives
limited access to play control of a particular listening zone and/or group of zones, For example,
the party playlist may limit users to only adding songs or tracks to the playlist, whereas other
functionality in the listening zone or zone group may be disabled. In another example, the party
playlist may allow users to collectively decide (e.g., vote) if a new song or track should be added
to the playlist, for example. In another example, the party playlist may also limit system

configuration functionality, such as the zone grouping configuration, the music equalization
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parameters, etc. In some example embodiments, the party playlist may only be in effect for a

fixed time duration, and not require explicit disabling operation.

[0072] In an example embodiment, limited user access may be applied based on authentication
of the user. For example, limited user access may be applied based on authentication of a
controlling device which may include registration of the controlling device and its associated
identifier. In another example, authentication may include all controller devices used in the

media playback system over a defined time interval (e.g., a previous twenty-four (24) hours).

[0073] Certain embodiments provide shared music access for a limited time duration in a
group listening environment. Shared music may be a library of tracks or a playlist on a physical
device that is accessed wirelessly by the media playback system, for example. Shared music may
be a subscription service accessed independently over the Internet and/or other network, for
example (e.g., a cloud-based storage, music streaming service, etc.). Subscription service
credentials may be passed directly to a playback system device, for example. Subscription

service may be username/password or token, for example.

[0074] While illustrative examples provided below reference music or audio as content

provided, video, images and/or other multimedia content may be provided in addition or instead.

[0075] Crowd-Sourced Playlist

[0076] In some embodiments, one or more users can create a multimedia playlist. For example,
a ‘party playlist’ mode is provided to allow multiple users to add tracks to a queue for playback

via a media playback system.

[0077] A media playback system can be put into party playlist mode by an authenticated user.
In an example, the user is to “sign in” such as by entering a username, a password, or a
username/password combination to be authenticated. In another example, the user may be
authenticated by identifying a device used to control the system (e.g., the device may be
identified by a unique identifier (ID) such as a Media Access Control (MAC) address that has
been registered in the playback system). For example, a SONOS™ controller may be considered
such a device, or a device with a SONOS™ controller application may be registered as such a
device. In another example, “Jonathan’s IPHONE™" may be considered such a device if the

target playback system is Jonathan’s SONOS™ system. In yet another example, devices that
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have been used with respect to the media playback system within a certain time period (e.g., in a
twenty-four (24)-hour period) may be considered registered. Alternatively, the playback system
may be put into party playlist mode by anyone with access to the playback system.

[0078] The party playlist mode may be set to last for a fixed duration of time (e.g., four (4)
hours), for example. The party playlist mode may be set to end at a specific time of day (e.g., 1
am), for example. The party playlist mode may last indefinitely until a user manually exits the
mode, for example. In an embodiment, a password is generated when the playback system is put
in party playlist mode and is used to exit party playlist mode. In another embodiment, no

authentication is required to take the system out of party playlist mode.

[0079] Party playlist mode may apply to a single zone or zone grouping, multiple zones or

zone groupings, or the entire media playback system, for example.

[0080] Once the system is put into party playlist mode, in some embodiments, users can only
add music to the listening queue. Deleting tracks, changing the play mode (e.g., shuffle, repeat,
etc.), or changing the system settings (e.g., zone group configuration, music equalization
parameters, etc.) is not allowed. In some embodiments, some or all of the following rules or
limitations are applied: an ability to modify content may be limited, an ability to affect order may
be limited, an ability to adjust system configuration may be limited, and so on. For example,
rules and/or other access permissions may limit whether anyone can add songs to the party
playlist, no one can remove songs from the party playlist, only one song may be added at a time
(rather than adding an entire album or set of content in a single action), etc. Artist repetition may
be avoided by limiting a number of songs in the queue by the same artist, for example. Songs in
the queue may be played randomly and/or in a predefined order, for example. In certain
examples, once a song is played, the song is removed from the queue. In certain examples, no
user can switch sources or change a zone grouping in party playlist mode. In other examples,

certain users may be able to switch sources or change a zone grouping in party playlist mode.

[0081] A visual history of recently played tracks can be accessed and shown to users via a
control device, for example. In certain embodiments, a graphical “Jukebox™ screen can be shown

on the control device.

[0082] In an embodiment, a method is used to determine if a new track should be added to the

playlist. In an embodiment, all tracks are added to the playlist in an unrestricted fashion. In
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another embodiment, the playlist is moderated by an “owner” of the media playback system. In
another embodiment, the playlist is moderated by the crowd or collection of users. For example,
when a user attempts to add a track to the playlist, notification is sent to users in the crowd.
Notification can be in the form of an application-based notification (e.g., a notification message
within a Sonos application), a text message, an instant message, or some other messaging
scheme. Any number of users can be selected to participate in the moderation, and the user
selection may be at random when a subset of the crowd is selected. Once notification is sent to
the users to vote, they are given a fixed time duration (e.g., two (2) minutes) to vote on adding
the track to the listening queue. The system can use a majority-rule to determine if the track is
added or not. In certain embodiments, certain role(s) (e.g., a disc jockey (DJ), host, organizer,
etc.) may have discretion or take priority to add or approve addition of a track to the party

playlist, for example.

[0083] In an example in which duplicate songs are not allowed, multiple users may try to add
the same track or song to the queue. In an embodiment, duplicate tracks are identified by
comparing the source location and track identifiers. In another embodiment, duplicate tracks are
identified by comparing the metadata (e.g., artist, track name, length of track, etc.) between the
tracks. In yet another embodiment, duplicate tracks are identified by comparing the musical
composition of both tracks. The comparison may be done directly in the system or via a service

hosted locally or in the Internet “cloud”, for example.

[0084] In an embodiment, the user or users that add a track to the queue are identified for
others to see. In an embodiment, the user or users that add the track are identified in the queue
alongside the track name. In another embodiment, the user or users that add the track are

identified by drilling down (e.g., double-click, touch, hover over, etc.) on the track name.

[0085] In an embodiment, authentication mechanisms as described above may be used to
identify the user or users that added the track. In another embodiment, the user may be asked to

enter a name along with the track to be added.

[0086] In an embodiment, the user who added the track to the playlist is notified if the track

has been successfully added or rejected from the listening queue.

[0087] Guest Access
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[0088] In an example media playback system, music that is added to the party playlist can
come from many different sources. In an embodiment, music can be selected from sources
already associated with the playback system. Already-associated sources may include an indexed
music library that is on a Local Area Network (e.g., music stored on a PC or MAC™ computer, a
network attached storage device, a docked IPOD™ or IPHONE™, or another wired or wireless
device that has been indexed as part of the playback system), an indexed music library that is
stored in the “cloud” over the Internet (e.g., a cloud-based music storage such as Apple
ICLOUD™ or Amazon Cloud Player, etc.), or an Internet music service that provides streaming
content over the Internet (e.g., PANDORA™, RHAPSODY™, SPOTIFY™, etc.) . In another
embodiment, the music can be played to the media playback system (e.g., a SONOS™ system)
from a third party software application such as SPOTIFY™ or FACEBOOK™. In another
embodiment, the music can be played directly from the device on which the content resides (e.g.,

music stored on an [IPHONE™ IPAD™_ [POD™, or ANDROID™ device).

[0089] In another embodiment, a ‘guest pass’ mode allows users to share their music services
with other users in the crowd on a temporary basis. For example, users may want to share their
SPOTIFY™ account temporarily if the playback system does not have a SPOTIFY™ account
already associated with the system. In another example, users wanting to share a personal playlist
may want to share their SPOTIFY™ account temporarily even if the system already has a
SPOTIFY™ account associated with it. In an embodiment, guest access requires the guest to be
linked to the playback system. In an embodiment, the guest is linked to the playback system
using a configuration sequence including a special button press on a system device. When the
guest is linked to the playback system as a guest, user credentials (e.g., username/password,
token, etc.) are transferred to the playback system from the user in a secure fashion. The user
credentials are used to register the playback system with a music service, for example. In an
embodiment, the user credentials are passed directly to a media playback system device using
wired or wireless communication. In another embodiment, the user credentials are transmitted to
a media playback system device from a mobile device by first connecting through the mobile
network (e.g., a 3G or 4G network) and then connecting to the playback system through an
Internet or other network connection. Guest access may be set to last for a fixed duration of time
(e.g., four (4) hours). Guest access may be set to end at a specific time of day (e.g., 1 am). Guest

access may last as long as the user is connected to the network, or it may last indefinitely until a
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user manually exits the mode. In an embodiment, when guest access is terminated, the user

credentials are purged from the system.

[0090] In certain embodiments, guest credentials (e.g., password) shall not be retrievable from
the system. An owner of the account, however, may allow a ‘user id’ to be displayed by the
system on controllers in certain circumstances (e.g., associated with a song playing from their
account, similar to above user attribution). In an example, guest access may be terminated via a
refutation mechanism that does not require the guest still be attached to the hosting system or on
the local network. This could be via an Internet online multimedia authorization protocol
(OMAP) or similar protocol using an Internet connection (including a mobile connection), for

example,
[0091] Restricted Mode

[0092] In some embodiments, the example media playback system includes one or more
restrictions that limit access to control music playback. Certain embodiments include a
‘restricted’ mode that limits users to certain functionality. In the example playback system
described and disclosed above, the party playlist mode may limit user access to adding tracks to
a listening queue, for example. In another example system, users are limited as to a time of day
at which they can control the playback of music. In another example system, users are limited as
to the zones or zone groups that they can control. For example, in a household with young
children, parents may wish to limit their children to playback control only in the living room and
the children’s bedroom(s). In another example, parents may want to limit their children to
playback control only during the hours of 9am to 7pm. In another example, parents may want to
do both: limit their children to playback control only during the hours of 9am to 7pm and also
only in the living room and child bedroom(s). In another example system, users are limited to the
type of content that they can play. In some embodiments, the content is limited by the playback
system using an “explicit” tag embedded in a digital music file. In another embodiment, the

content is limited by the system to the location of the source or the streaming service.

[0093] In certain embodiments, a user may be limited in a number of tracks that the user can
add to the queue. For example, the host can allot or credit the user with a number of tracks to be
added, such as by selecting the user’s controller from a list of linked controllers, by providing the

user with a token or activation code, and so on. Each song added by the user to the party playlist

SUBSTITUTE SHEET (RULE 26)

LINKPLAY EXHIBIT 1004
Page 1314 of 4822



WO 2014/004182 PCT/US2013/046386
22

is deducted from the user’s allotment or credit, for example. In an embodiment, the host is a
business establishment, and the user is a customer of that establishment. The customer can

influence the playlist at the establishment as they would with a traditional jukebox, for example.

[0094] Example Party Playlist Methods

[0095] Figure 7 illustrates a flow diagram of an example method 700 to implement a party
playlist mode in a media playback system. At block 710, a playback or “Now Playing” screen is
displayed. For example, a listing of a playlist and currently playing song can be displayed via a
controller, such as controller 500 (e.g., a controller application running on an IPHONE™,

ANDROQOID™, or IPAD™),

[0096] At block 720, a party playlist mode is selected. The mode may be manually selected by
a user or selected according to a schedule and/or other automated trigger. For example, the user
may select an option via a controller to trigger entry into the party playlist mode. In another
example, a user may schedule the party playlist mode to begin at a certain time on a certain day
for a party. At block 730, a user is authenticated to determine authorization of that user to enter
the party playlist mode. For example, the user is authenticated based on a username and
password, token, password alone, biometric identification, and so on. In another example, the

user is authenticated based on the identification of the controller that is being used.

[0097] At block 740, the media playback system enters party playlist mode. In party playlist
mode, user(s) (e.g., all users within range (e.g., at a party), authorized users, etc.) can add content
to the party playlist for playback via a local playback system (e.g., a household SONOS™
system local to the party). In certain embodiments, in party playlist mode, user(s) can specify
priority/order of content. In certain embodiments, in party playlist mode, user(s) can specify a
zone (re)configuration, for example. In certain embodiments, in party playlist mode, user(s) can
specify volume and/or other parameters (e.g., in general and/or associated with their particular
added track(s)). In certain embodiments, changes made by a user may be subject to approval

and/or override (e.g., by a host/owner/administrator, by a vote of participants, etc.).

[0098] In certain embodiments, a remote user can add content to the playlist queue. For
example, a party host can give a remote user access to modify the party playlist (e.g., the host
can message her old college roommate to ask about the song they loved to dance to in college

and ask her old roommate to remotely add the song from her collection to the host’s playlist,
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etc.). Remote adding of content to the party playlist can be facilitated by providing a content

identifier (e.g., a song name), a copy of the content, etc.

[0099] At block 750, an exit from party playlist mode is selected. The mode may be may be
manually selected by a user or selected according to a schedule and/or other automated trigger.
For example, the user may select an option via a controller to trigger exit from the party playlist
mode. In another example, a user may schedule the party playlist mode to end at a certain time
on a certain day. At block 760, a user is authenticated to determine authorization of that user to
exit the party playlist mode. For example, the user is authenticated based on a username and
password, token, password alone, biometric identification, and so on. In another example, the
user is authenticated based on the identification of the controller that is being used. Once the
playback system has exited the party playlist mode, normal operation of the playback system can

resume.

[00100] Figure 8 illustrates a flow diagram of an example method 800 to facilitate addition of
content to a party playlist. At block 810, the local playback system waits for a user to add content
to the party playlist. For example, a guest at a party may be given access to modify the playlist or
queue of content for playback via the host’s local playback system (e.g., household playback
system, nightclub playback system, business playback system, etc.). Guest user access can be
validated and/or otherwise authenticated to determine authorization to access the party playlist,

for example.

[00101] At block 820, content is added by the user to the party playlist. For example, the user
utilizes a controller, such as controller 500 (e.g., a controller application running on a
smartphone or tablet computer), to browse/search, select, and add content to the party playlist. In
certain embodiments, the user is given access (perhaps limited) to the host’s content for addition
to the playlist. In certain embodiments, the user is able to access his or her own content for
referral and/or addition to the playlist. In certain embodiments, the user is able to access one or

more streaming and/or cloud-based content services to route content to the party playlist.

[00102] At block 830, participating users are identified. For example, if a plurality of people
attending a party has access to the party playlist via one or more controllers, the plurality of

people are identified as participating users. Participating users may be identified based on
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controller, user authentication, user registration, activity with respect to the playlist or other part

of the local playback system, etc.

[00103] At block 840, based on criteria the host provides (e.g., a number of participating (e.g.,
controlling) users are present above a threshold), then a message is sent to the users to vote. For
example, the host can set a threshold above which users can vote on addition and/or other
adjustment of content to the party playlist. The number of participating users can be set by

default, for example. The number of users may be more than one, for example.

[00104] At block 850, the voting users determine if the content is added to the party playlist.
For example, each eligible voting user receives a message and request to vote via a controller
(e.g., a smartphone or tablet controller application, etc.) associated with that user. In certain
embodiments, a voting scheme can be configured, such as a simple majority and/or other voting
scheme. In certain embodiments, a moderator, such as a host or disc jockey, can override a user

vote.

[00105] At block 860, if user voting is not employed, if too few votes are cast, or if the host
elects for other reason(s), a moderator (e.g., the host) decides whether the content is to be added
to the party playlist. For example, if only one participating user is present and/or the minimum
number set in the system is not satisfied, then the moderator/host arbitrates the addition of
content to the party playlist. As another example, the moderator/host may override or veto the

vote of participating users.

[00106] At block 870, the requesting user is notified of the decision regarding the content to be
added. Such notification may include comments and/or additional information including, for
example, the vote tally, moderator comments, etc. For example, a user attempting to add a song
to the party playlist is sent a message notifying him/her regarding whether the song was
successfully added or rejected with respect to the party playlist.

[00107] The playback system then resumes waiting, in party playlist mode, for a user to request
content to be added to the party playlist. Although the example of Figure 8 has been described
with respect to content (e.g., audio, video, and/or other media content), it is understood that the
example method 800 can be executed with respect to zone group configuration, volume and/or

other parameter settings, and so on for the local playback system in party mode.

SUBSTITUTE SHEET (RULE 26)

LINKPLAY EXHIBIT 1004
Page 1317 of 4822



WO 2014/004182 PCT/US2013/046386
25

[00108] Figures 9-15 illustrate an example sequence of user interfaces facilitating content
selection, playback and configuration in a party playlist mode. As shown in the example of
Figure 9, a user interface 900 includes a list or other set of audio tracks available to be selected
for a playlist in a party playlist mode, for example. In Figure 9, a playback queue can be found at
902. In this example, the playback queue 902 corresponds to the “Office” zone 906. Also in
Figure 9, a play indicator 904 appears to the left of the item currently playing in the playback
queue (e.g., currently a pause symbol is shown that indicates the user can pause the play by
selecting the symbol). When the current item ends, the next item in the queue starts to play, and
play continues through the list until the queue is completed or some other action like “repeat” is

selected.

[00109] In Figure 10, a user is asked to create a password 1010 when starting a party playlist
mode. For example, a host may be asked to establish a password 1010 and/or other identifier that
a participating user is to provide in order to add content to the playlist. In certain embodiments, a
password and/or other authorization may be required to enter and/or to exit party playlist mode.
In certain embodiments, a host may have a moderator password separate from a participating
user password, where each password provides a differing level of access to affect content and/or
behavior of the media playback system, for example. As shown in the example of Figure 11, in
order to exit party playlist mode, the user (e.g., the host) is to enter a password 1100 and/or other

identification via the interface.

[00110] Figure 12 shows an example of a restricted set of functions 1210 made available to a
participating user in party playlist mode. In the example of Figure 12, a user is provided with
options 1210 to add selected content (e.g., track, album, etc.) to a playback queue or retrieve
information regarding selected content (e.g., retrieve artist, album, date, etc., for a selected song).
Figure 13 shows another example of commands 1310 made available to a participating user who
is requesting that content be added to a party playlist. Rather than playing or adding radio
stations, in the example of Figure 13, a user is only able to add more music, delete a track he/she
added from the playlist, rename, etc. As shown in the example of Figure 14, a party playlist
queue can be displayed to a participating user, along with an indication 1410 that the selected
zone group is in party playlist or “Jukebox™ mode. In the example of Figure 14, a user can add

single songs that are to be played randomly from the party playlist. In Figure 15, once party
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playlist mode has been exited, the example interface provides a notification 1510 that the party

playlist mode is now off.
VI.  Conclusion

[00111] As discussed above, systems and methods are provided to offer a restricted playback
mode (e.g., a party playlist mode) to allow one or more participating users to access a media
playback system and interact with a reduced subset of functions in that system (e.g., add content
to a party playlist, vote on content, etc.). The embodiments described herein may be further
useful by systems in which a limited-time, group-based access to a subset of available

functionality is required or preferred.

[00112] Thus certain embodiments provide a method including providing, via a local media
playback system, a restricted playback mode open to a plurality of participating users, the
restricted playback mode providing a subset of playback functions from the local media playback
system to the participating users, the subset including addition of content to a playlist for
playback via the local media playback system. The example method includes facilitating addition
of content to the playlist by at least one participating user. The example method includes

facilitating playback of content from the playlist in the restricted playback mode.

[00113] Certain embodiments provide a tangible computer readable storage medium including
instructions which, when executed by a processor, are to implement at least a method. The
example method includes providing, via a local media playback system, a restricted playback
mode open to a plurality of participating users, the restricted playback mode providing a subset
of playback functions from the local media playback system to the participating users, the subset
including addition of content to a playlist for playback via the local media playback system. The
example method includes facilitating addition of content to the playlist by at least one
participating user. The example method includes facilitating playback of content from the

playlist in the restricted playback mode.

[00114] Certain embodiments provide a media playback system including one or more playback
devices, each playback device including a processor, a memory and a speaker to output audio
content provided to the playback device. The example system includes one or more controllers,
each controller to facilitate review and addition of audio content for playback via the one or more

playback devices. In the example system, at least one controller is to configure the media
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playback system in a restricted playback mode open to a plurality of participating users, the
restricted playback mode to provide a subset of playback functions from the media playback
system to the participating users, the subset including addition of content to a playlist for
playback via the media playback system, the controller to facilitate addition of content to the
playlist by at least one participating user and facilitate playback of content from the playlist in

the restricted playback mode.

[00115] The description discloses various example systems, methods, apparatus, and articles of
manufacture including, among other components, firmware and/or software executed on
hardware. However, such examples are merely illustrative and should not be considered as
limiting. For example, it is contemplated that any or all of these firmware, hardware, and/or
software components can be embodied exclusively in hardware, exclusively in software,
exclusively in firmware, or in any combination of hardware, software, and/or firmware.
Accordingly, while the following describes example systems, methods, apparatus, and/or articles
of manufacture, the examples provided are not the only way(s) to implement such systems,

methods, apparatus, and/or articles of manufacture.

[00116] Additionally, reference herein to “embodiment” means that a particular feature,
structure, or characteristic described in connection with the embodiment can be included in at
least one example embodiment of the invention. The appearances of this phrase in various places
in the specification are not necessarily all referring to the same embodiment, nor are separate or
alternative embodiments mutually exclusive of other embodiments. As such, the embodiments
described herein, explicitly and implicitly understood by one skilled in the art, can be combined

with other embodiments.

[00117] The specification is presented largely in terms of illustrative environments, systems,
procedures, steps, logic blocks, processing, and other symbolic representations that directly or
indirectly resemble the operations of data processing devices coupled to networks. These process
descriptions and representations are typically used by those skilled in the art to most effectively
convey the substance of their work to others skilled in the art. Numerous specific details are set
forth to provide a thorough understanding of the present disclosure. However, it is understood to
those skilled in the art that certain embodiments of the present disclosure can be practiced

without certain, specific details. In other instances, well known methods, procedures,
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components, and circuitry have not been described in detail to avoid unnecessarily obscuring
aspects of the embodiments. Accordingly, the scope of the present disclosure is defined by the

appended claims rather than the forgoing description of embodiments.

[00118] When any of the appended claims are read to cover a purely software and/or firmware
implementation, at least one of the elements in at least one example is hereby expressly defined
to include a tangible medium such as a memory, DVD, CD, Blu-ray, and so on, storing the

software and/or firmware.
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Claims
We claim:

1. A method, comprising:

providing, via a local media playback system, a restricted playback mode open to a
plurality of participating users, the restricted playback mode providing a subset of playback
functions from the local media playback system to the participating users, the subset including
addition of content to a playlist for playback via the local media playback system;

facilitating addition of content to the playlist by at least one participating user; and

facilitating playback of content from the playlist in the restricted playback mode.

2. The method of claim 1, wherein playback of content from the playlist in the

restricted playback mode comprises random play of content from the playlist.

3. The method of claim 1, further comprising authenticating the at least one
participating user to enable the at least one participating user to add content to the playlist in the

restricted playback mode.

4. The method of claim 1, further comprising accepting a vote of the participating

users to determine whether content is to be added to the playlist.
5. The method of claim 1, wherein facilitating addition of content further comprises
accepting user selection of the content from a list of available content via a graphical user

interface.

6. The method of claim 5, wherein the list of available content includes a library of

shared music available via a network.

7. The method of claim 1, wherein the restricted playback mode is initiated and

ended by a host user according to user authorization.
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8. The method of claim 1, further comprising configuring the restricted playback
mode for a fixed time interval.
9. The method of claim 1, wherein the restricted playback mode includes a specified

configuration of zones.

10.  The method of claim 1, wherein the subset of playback functions further includes

limited user interaction with at least one of zone configuration and content playback parameters.

11. A tangible computer readable storage medium including instructions which, when
executed by a processor, are to implement at least a method, the method comprising:

providing, via a local media playback system, a restricted playback mode open to a
plurality of participating users, the restricted playback mode providing a subset of playback
functions from the local media playback system to the participating users, the subset including
addition of content to a playlist for playback via the local media playback system;

facilitating addition of content to the playlist by at least one participating user; and

facilitating playback of content from the playlist in the restricted playback mode.

12.  The computer readable storage medium of claim 11, wherein playback of content
from the playlist in the restricted playback mode comprises random play of content from the

playlist.

13. The computer readable storage medium of claim 11, wherein the method further
comprises authenticating the at least one participating user to enable the at least one participating

user to add content to the playlist in the restricted playback mode.
14.  The computer readable storage medium of claim 11, wherein the method further

comprises accepting a vote of the participating users to determine whether content is to be added

to the playlist.
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15.  The computer readable storage medium of claim 11, wherein facilitating addition
of content further comprises accepting user selection of the content from a list of available

content via a graphical user interface.

16.  The computer readable storage medium of claim 15, wherein the list of available

content includes a library of shared music available via a network.

17. The computer readable storage medium of claim 11, wherein the restricted

playback mode is initiated and ended by a host user according to user authorization.

18. The computer readable storage medium of claim 11, wherein the method further

comprises configuring the restricted playback mode for a fixed time interval.

19.  The computer readable storage medium of claim 11, wherein the restricted

playback mode includes a specified configuration of zones.

20. The computer readable storage medium of claim 11, wherein the subset of
playback functions further includes limited user interaction with at least one of zone

configuration and content playback parameters.

21. A media playback system comprising:

one or more playback devices, each playback device including a processor, a memory
and a speaker to output audio content provided to the playback device;

one or more controllers, each controller to facilitate review and addition of audio
content for playback via the one or more playback devices,

wherein at least one controller is to configure the media playback system in a
restricted playback mode open to a plurality of participating users, the restricted playback mode
to provide a subset of playback functions from the media playback system to the participating
users, the subset including addition of content to a playlist for playback via the media playback
system, the controller to facilitate addition of content to the playlist by at least one participating

user and facilitate playback of content from the playlist in the restricted playback mode.
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(57) Abstract: A method for managing presets in an audio system is provided. The method includes syncing preset assignments on a
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ponding one of the audio playback devices.
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AUDIO SYSTEMS AND RELATED DEVICES AND METHODS

BACKGROUND

[0001] This disclosure relates to audio systems and related devices and methods, and,

particularly, to managing (e.g., synchronizing) presets among devices in an audio system.

SUMMARY

[0002] All examples and features mentioned below can be combined in any technically
possible way.

[0003] In one aspect, a method for managing presets in an audio system is provided.
The method includes syncing preset assignments on a plurality of audio playback devices
such that preset assignments on any one of the audio playback devices correspond to
respective preset assignments on each of the other audio playback devices, and, such
that, if one of the preset assignments is changed on one of the audio playback devices,
each of the other audio playback devices is automatically updated such that a
corresponding change is made to a corresponding preset assignment on each of the other
audio playback devices. Each of the preset assignments is an assignment of an entity
associated with one of a plurality of digital audio sources to one of a plurality of preset
indicators on the corresponding one of the audio playback devices.

[0004] Implementations may include one of the following features, or any combination
thereof.

[0005] In some implementations, the step of syncing preset assignments on a plurality
of audio playback devices includes receiving information from a first audio playback device
of the audio system regarding a change to one or more of a plurality of preset assignments;
updating stored preset data based on the information received from the first audio playback
device; and providing update information to one or more other audio playback devices of

LINKPLAY EXHIBIT 1004
Page 1344 of 4822



WO 2014/149533 PCT/US2014/019346

the audio system such that the one or more other audio playback devices update their
respective preset assignments to correspond to those of the first audio playback device.

[0006] In certain implementations, the step of updating stored preset data includes
updating preset data stored on a remote server.

[0007] In some implementations, the step of updating stored preset data includes
replacing a first set of preset assignments with a second, updated set of preset

assignments.

[0008] In certain implementations, the method also includes receiving user input
regarding the assignment of an entity associated with one of the digital audio sources to

one of the preset indicators on a first one of the audio playback devices.

[0009] In some implementations, the user input corresponds to actuation of a hardware
button on a first one of the audio playback devices.

[0010] In certain implementations, the user input is received via a controller connected
to the first one of the audio playback devices via a network connection.

[0011] In some implementations, the assignable entities include at least (i) user-defined
playlists of digital music and (ii) Internet radio stations.

[0012] The digital audio sources may include a plurality of Internet radio sites, and the
entities may include individual radio stations provided by the Internet radio sites.

[0013] In certain implementations, the preset indicators provide access to their
respectively assigned entities in the same manner irrespective of the associated digital

audio source.

[0014] In some implementations, the preset indicators provide for single press access to

the respectively assigned entities, irrespective of the digital audio source.
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[0015] In another aspect, an audio system server includes a processor, and instructions
stored on a computer-readable media that. When executed, the instructions cause the
processor to: receive information from a first audio playback device of an audio system
regarding a change to one or more of a plurality of preset assignments; update stored
preset data based on the information received from the first device; and to provide update
information to one or more other audio playback devices of the audio system such that
each of the one or more other audio playback devices update their respective preset
assignments to correspond to those of the first audio playback device. Each of the preset
assignments represents an assignment of an entity associated with one of a plurality of

digital audio sources to a corresponding preset indicator.

[0016] Implementations may include one of the above and/or below features, or any
combination thereof.

[0017] In some implementations, the audio system server is a cloud-based server.

[0018] In certain implementations, the instructions, when executed, cause the processor
to provide the update information to the one or more other audio playback devices in
response to communication received from the one or more other audio playback devices

requesting the update information.

[0019] In some implementations, the update information is an updated list of preset

assignments.

[0020] In certain implementations, the instructions, when executed, cause the processor
to: maintain a global recents list. The global recents list is a list of entities that is populated
from content that the user has chosen to play on one or more of the audio playback
devices.

[0021] In some implementations, the instructions, when executed, cause the processor
to: receive information from a first audio playback device of an audio system regarding

selection of a first entity for providing streamed music; update stored recent data based on
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the information received from the first device; and to provide updated recents information to
one or more other audio playback devices of the audio system such that each of the one or
more other audio playback devices updates a locally stored recents list to correspond to a

recents list stored on the first audio playback device.

[0022] In certain implementations, the instructions, when executed, cause the processor
to: receive a copy of a token from a first audio playback device of an audio system, wherein
the token is a unique identifier that a corresponding one of the digital audio sources
recognizes and associates with a user account, thereby to provide access to the user
account; store the copy of the token within the audio system server; and to provide copies
of the token other audio playback devices of the audio system such that the corresponding
one of the digital audio sources can recognize the other audio playback devices as being
associated with the user account.

[0023] A further aspect features an audio system that includes i) a plurality of audio
playback devices, and ii) a remote server. Each audio playback device is configured to
operatively connect to a plurality of digital audio sources for playback of content from the
digital audio sources. Each of the audio playback devices includes a set of preset
indicators. Each preset indicator in the set of preset indicators is configured to have
assigned to it an entity associated with one of the plurality of digital audio sources. The
remote server is configured to receive information from one of the audio playback devices
regarding changes to preset assignments. Each of the preset assignments represents an
assignment of an entity associated with one of the digital audio sources to a corresponding
one of the preset indicators. The remote server is further configured to update a stored set
of global preset assignments based on the information received; and to distribute update
information to the other ones of the audio playback devices regarding changes to the
global preset assignments. The other ones of the audio playback devices are configured to
update their respective preset assignments based on the update information distributed
from the remote server such that, following the update, all of the audio playback devices of
the plurality of audio playback devices have the same preset assignments.
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[0024] Implementations may include one of the above and/or below features, or any
combination thereof.

[0025] In some implementations, the information received from the one of the audio
playback devices is an updated set of global preset assignments.

[0026] In certain implementations, the remote server is configured to update the stored
set of global preset assignments by replacing the stored set of global preset assignments

with the updated set of global preset assignments.

[0027] In some implementations, the remote server is configured to distribute the
update information to the other ones of the audio playback devices in response to requests

for update information received from the other ones of the audio playback devices.
[0028] In certain implementations, the set of preset indicators are hardware buttons.
[0029] The preset indicators may include numerical identifiers.

[0030] Yet another aspect provides an audio playback device that is configured to
operably connect to a plurality of digital audio sources. The audio playback device
includes a digital-to-analog converter that is configured to receive a digital representation of
content from the digital audio sources and convert to analog form; an electro-acoustic
transducer; a set of user-selectable preset indicators. Each indicator in the set of preset
indicators is configured to have assigned to it an entity associated with the plurality of
digital audio sources. The audio playback device also includes a processor and
instructions stored on a computer-readable media. The instructions, when executed,
cause the processor to: update one or more preset assignments based on user input, and
to cause the processor to send information regarding the update to the one or more preset
assignments to a remote server. Each of the preset assignments represents an
assignment of an entity associated with one of the digital audio sources to a corresponding
one of the preset indicators.
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[0031] Implementations may include one of the above and/or below features, or any
combination thereof.

[0032] In some implementations, the audio playback device also includes an enclosure.
The digital-to-analog converter and the electro-acoustic transducer are located within the
enclosure and the set of user-selectable present indicators is located on the enclosure.

[0033] In certain implementations, the digital audio sources include at least (i) one or

more libraries of user-defined playlists of digital music files and (ii) Internet radio sites.

[0034] In some implementations, the instructions, when executed, cause the processor
to: notify one or more other audio playback devices within an audio system regarding the

update to the one or more preset assignments.

[0035] In certain implementations, the instructions, when executed, cause the processor
to: receive notification from an other audio playback device within an audio system
regarding changes to preset assignments on the other audio playback device; and, in
response to receiving the notification regarding changes to the preset assignments on the
other audio playback device, to contact a remote server for the audio system to request
update information; and to update one or more preset assignments on the audio playback
device based on the update information received from the remote server such that preset
assignments on the audio playback devices correspond to respective preset assignments
on the other audio playback device.

[0036] According to another aspect, an audio playback device is configured to operably
connect to a plurality of digital audio sources. The audio playback device includes a digital-
to-analog converter configured to receive a digital representation of content from the digital
audio sources and convert to analog form; an electro-acoustic transducer; and a set of
user-selectable preset indicators. Each indicator in the set of preset indicators is
configured to have assigned to it an entity associated with the plurality of digital audio
sources. The audio playback device also includes a processor and instructions stored on a
computer-readable media. The instructions, when executed, cause the processor to:
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update one or more preset assignments based on user input; and to notify one or more
other audio playback devices within an audio system regarding the update to the one or
more preset assignments. Each of the preset assignments represents an assignment of an
entity associated with one of the digital audio sources to a corresponding one of the preset

indicators.

[0037] Implementations may include one of the above and/or below features, or any

combination thereof.

[0038] In some implementations, the digital audio sources include at least (i) one or
more libraries of user-defined playlists of digital music files and (ii) Internet radio sites.

[0039] In certain implementations, the assignable entities include at least individual
Internet radio stations and particular user-defined playlists of digital music files.

[0040] In some implementations, the digital audio sources include a plurality of Internet
radio sites, and the entities include individual radio stations provided by the Internet radio
sites.

[0041] In certain implementations, the instructions, when executed, cause the processor
to: receive notification from an other audio playback device within an audio system
regarding changes to preset assignments on the other audio playback device; and, in
response to receiving the notification regarding changes to the preset assignments on the
other audio playback device, to contact a remote server for the audio system to request
update information; and to update one or more preset assignments on the audio playback
device based on the update information received from the remote server such that preset
assignments on the audio playback devices correspond to respective preset assignments
on the other audio playback device.

[0042] In a further aspect, an audio playback device is configured to operably connect
to a plurality of digital audio sources. The audio playback device includes a digital-to-

analog converter configured to receive a digital representation of content from the digital
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audio sources and convert to analog form; an electro-acoustic transducer; and a set of
user-selectable preset indicators. Each indicator in the set of preset indicators is
configured to have assigned to it an entity associated with the plurality of digital audio
sources. The audio playback device also includes a processor and instructions stored on a
computer-readable media. The instructions, when executed, cause the processor to
receive notification from an other audio playback device within an audio system regarding
changes to preset assignments on the other audio playback device; and, in response to
receiving the notification regarding changes to the preset assignments on the other audio
playback device, to contact a remote server for the audio system to request update
information; and to update one or more preset assignments on the audio playback device
based on the update information received from the remote server such that preset
assignments on the audio playback devices correspond to respective preset assignments
on the other audio playback device. Each of the preset assignments represents an
assignment of an entity associated with one of the digital music sources to a corresponding
one of the preset indicators.

[0043] In yet another aspect, an audio system includes i) a plurality of audio playback
devices, and ii) a software program configured to run on a separate device (e.g., a
separate computer, smartphone, tablet, etc.). Each audio playback device is configured to
operatively connect to a plurality of digital audio sources for playback of content from the
digital audio sources. Each of the audio playback devices includes a set of preset
indicators. Each preset indicator in the set of preset indicators is configured to have
assigned to it an entity associated with one of the plurality of digital audio sources. The
software program provides a user interface configured to present an audio playback device
selection region that enables user to select one of the audio playback devices to control
with the separate computer. The user interface is further configured to present a set of
preset indicators that corresponds to the set of preset indicators of the selected one of the
audio playback devices, and to present a source selection region that enables a user to
select an entity to assign to one of the preset indicators of the selected one of the audio
playback devices.
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[0044] Implementations may include one of the above and/or below features, or any
combination thereof.

[0045] In some implementations, the source selection region also enables a user to
select an entity to provide audio content to the selected one of the audio playback devices
for playback of the audio content.

[0046] In certain implementations, the user interface is further configured to present a
global recents. The global recents list is a list of entities that is populated from audio

content that the user has chosen to play on one or more of the audio playback devices.

[0047] In some implementations, the software program includes instructions to procure

the global recents list from data stored on the selected one of the audio playback devices.

[0048] In certain implementations, the user interface is further configured to enable a
user to select whether the preset assignments are to be global or local. The global preset
assignments are synchronized across the plurality of audio playback devices such that
preset assignments on any one of the audio playback devices correspond to respective
preset assignments on each of the other audio playback devices, and, such that, if one of
the preset assignments is changed on one of the audio playback devices, each of the other
audio playback devices is updated such that a corresponding change is made to a
corresponding preset assignment on each of the other audio playback devices. The local
preset assignments are device-specific such that each of the audio playback devices can
have a unique set of preset assignments and such that the preset assignments on any one
of the audio playback devices do not necessarily correspond to the preset assignments on
any of the other audio playback devices.

[0049] Another aspect features a computer-implemented method that includes storing a
set of local preset assignments for each of a plurality of audio playback devices of an audio
system. The local preset assignments are device-specific such that the local preset
assignments for any one of the audio playback devices do not necessarily correspond to
the local preset assignments for any of the other audio playback devices. The method also
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includes receiving input regarding a change from a local setting to a global setting;
receiving input regarding selection of one of the audio playback devices to serve as a
master audio playback device; setting the set of stored local preset assignments
associated with the selected, master audio playback device as a set of global preset
assignments; and providing the global preset assignments to the other playback devices of
the audio system so as to synchronize the preset assignments across the audio system,
such that preset assignments on any one of the audio playback devices correspond to

respective preset assignments on each of the other audio playback devices.

10
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BRIEF DESCRIPTION OF THE DRAWINGS

[0050] FIG. 1 is a schematic view of an audio system that facilitates synchronization of

presets among various system devices.

[0051] FIG. 2 is a swim lane diagram showing steps of managing/synchronizing “global”
presets within the audio system of FIG. 1.

[0052] FIG. 3is a swim lane diagram showing steps of managing “local” presets within
the audio system of FIG. 1.

[0053] FIG. 4 is a screen shot of a user interface provided by a controller which displays
a recents list within the audio system of FIG. 1.

[0054] FIG. 5is a swim lane diagram showing steps of managing/synchronizing “global”
recents within the audio system of FIG. 1.

[0055] FIG. 6 is a swim lane diagram showing steps for management of “local” recents
within the audio system of FIG. 1.

[0056] FIG. 7A and 7B are perspective and top plan views, respectively, of an
exemplary audio playback device from the audio system of FIG. 1.

[0057] FIG. 7C is a block diagram of the audio playback device of FIG. 7A.

[0058] FIG. 8 is a swim lane diagram showing steps for browsing entities associated
with one of the digital audio sources within the audio system of FIG. 1.

[0059] FIG. 9 is a block diagram of another implementation of an audio playback device
that can be utilized in the audio system of FIG. 1.

[0060] FIG. 10 is a block diagram of an exemplary controller from the audio system of
FIG. 1.

[0061] FIG. 11 is a block diagram of a software program for the controller of FIG. 10.

11
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[0062] FIG. 12 is a state interaction diagram that shows an overview of four user
interface states of a user application of the controller software program of FIG. 11.

[0063] FIG. 13 illustrates a high-level workflow for a setup state from the state
interaction diagram of FIG. 12.

[0064] FIG. 14A is a swim lane diagram showing steps for music setup for an Internet
music service within the audio system of FIG. 1.

[0065] FIG. 14B is a swim lane diagram showing steps for distribution of tokens for
accessing account based digital audio sources such as certain Internet music services

within the audio system of FIG. 1.

[0066] FIG. 15A and 15B show a graphical user interface for a main application state,
from the state interaction diagram of FIG. 12, in a “Now Playing” mode and an “Explore”
mode, respectively, which may be suitable for a controller in the form of a desktop or laptop
computer.

[0067] FIG. 15C is the user interface of FIG. 15B showing a sub-list of entities
associated with an audio source named “Global Internet Radio”.

[0068] FIG. 16A, 16B, and 16C show an alternative implementation of a user interface
for the main application state in a “Preset” mode, a “Now Playing” mode, and an “Explore”
mode, respectively, which may be suitable for a controller in the form of mobile device such

as a smart phone.

[0069] FIG. 17 illustrates a process flow for setting preset from a controller within the
audio system of FIG. 1.

[0070] FIGS. 18A and 18B show a sequence of screen displays illustrating the setting of
a preset assignment, by selecting and holding a preset indicator, in the “Now Playing”
mode on a desktop or laptop computer.
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[0071] FIGS. 19A and 19B show a sequence of screen displays illustrating the setting of
a preset assignment, by right-clicking on one the preset indicators and selecting “Set
Preset” from a right-click menu, in the “Now Playing” mode on a desktop or laptop
computer.

[0072] FIGS. 20A and 20B show a sequence of screen displays illustrating the setting of
a preset assignment, by selecting a preset indicator from a preset menu, in the “Now

Playing” mode on a desktop or laptop computer.

[0073] FIGS. 21A through 21C show a sequence of screen displays illustrating the
setting of a preset assignment, by drag and drop, in the “Now Playing” mode on a desktop
or laptop computer.

[0074] FIGS. 22A and 22B show a sequence of screen displays illustrating the setting of
a preset assignment, by drag and drop, in the “Explore” mode on a desktop or laptop
computer.

[0075] FIG. 23 is a block diagram of a computing device that can be used to implement
the server of the audio system of FIG. 1.
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DETAILED DESCRIPTION

[0076] This disclosure is based, at least in part, on the realization that it can be
beneficial to synchronize presets among various devices within an audio system. It may be
further beneficial to curate a list of recently access entities for providing audio content
which can be shared among various devices within an audio system. Such features can

help to facilitate quick and easy access to a user’s preferred audio content.

[0077] SYSTEM OVERVIEW

[0078] Referring to FIG. 1, an audio system 100 for the delivery of digital audio (e.g.,
digital music) provides for easy, quick access to a variety of digital audio sources through
the use of preset assignments. At a very high level, there are four main categories of
devices in the audio system 100: (i) audio playback devices 110; (ii) digital audio sources
120a, 120b, 120c (collectively referenced as 120); controllers 130a, 130b, 130c
(collectively referenced as 130); and a server 140.

[0079] The audio playback devices 110 are electronic devices which are capable of
rendering audio content. These devices can access stored audio content (e.g., remotely
stored audio content) and stream it for playback. In some cases, the audio playback
devices 110 may also be capable of playing locally stored content. These devices render
audio with the help of audio codecs and digital signal processors (DSPs) available within.

[0080] The audio playback devices 110 can communicate with each other. For
example, each audio playback device 100 can communicate with the other audio playback
devices 110 within the audio system 100 for synchronization. This can be a
synchronization of device settings, such as synchronization of preset assignments, or, for
synchronization of playback (e.g., such that all or a subset of the audio playback devices
110 play the same content simultaneously and synchronously).

[0081] The digital audio sources 120 are devices and/or services that provide access to
one or more associated entities for supplying content (e.g., audio streams) to the audio
playback devices 110, and which can be located remotely from the audio playback devices
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110. An “entity,” as used herein, refers to a grouping or collection of content for playback.
Exemplary entities include Internet radio stations and user defined playlists. “Content” is
data (e.g., an audio track) for playback. “Associated entity” refers to an entity that is
associated with a particular audio source. For example, if the digital audio source 120 is
an Internet music service such as Pandora®, an example associated entity would be a
radio station provided by Pandora®.

[0082] For the purposes of the audio system 100, audio streams are considered to be
data. They are processed as digital information that is converted to analog before
presentation. Data streaming is the method by which data is moved from an audio source
120 to an audio playback device 110. Typically, there are two models for this data
movement, push and pull. The audio system 100 is capable of managing this audio (data)
streaming in both fashions; descriptions of these processes are as follows.

[0083] In a push model, the digital audio source 120 will move the data to the audio
playback device 110 at a pace that it desires. The recipient (e.g., one of the audio
playback devices 110) of the data will acknowledge the data and the digital audio source
120 will provide more data. This model requires the digital audio source 120 to be
managing the throughput characteristics of the audio system 100. In a pull model, the
audio playback device 110 will request data from the digital audio source 120 at a rate it
desires. This allows the audio playback device 110 to read ahead if data is available.

[0084] The digital audio sources 120 each maintain a repository of audio content which
can be chosen by the user to play. The digital audio sources 120 can be based on the
Digital Living Network Alliance® (DLNA) or other Web based protocols similar to the
Hypertext Transfer Protocol (HTTP). Some of the devices and services in this category
include Internet based music services 120a such as Pandora®, Spotify®, and vTuner®;
network-attached storage (NAS) devices 120b, and a media server daemon 120c (e.g.,

provided as a component of a computer-based controller).

[0085] The digital audio sources 120 include user defined playlists of digital music files

available from network audio sources such as network-attached storage (NAS) devices
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120b, and a DLNA server 120c which may be accessible to the audio playback devices
110 over a local area network such as a wireless (Wi-Fi) or wired (Ethernet) home network
150, as well as Internet radio sites 120a such as Pandora®, vTuner®, Spotify®, etc., which
are accessible to the audio playback devices 110 over a wide area network 160 such as

the Internet.

[0086] The controllers 130 are responsible for controlling the audio playback devices
110 and for browsing the audio sources 120 in the audio system 100. Some of the devices
in this category include desktop computers, laptop computers, and mobile devices such as
smart phones and tablets. These devices control the audio playback devices 110 via a
wireless communication interface (e.g., IEEE 802.11 b /g, Bluetooth LE, infrared, etc.).
The controllers 130 serve as an online management tool for a user’s network enabled
audio playback devices 110. The controllers 130 provide interfaces which enable to the
user to perform one or more of the following: setup a connection to a Wi-Fi network; create
an audio system account for the user, sign into a user’s audio system account and retrieve
information; add or remove an audio playback device 110 on a user’s audio system
account; edit an audio playback device’'s name, and update software; access the audio
sources (via the audio playback devices 110); assign an entity (e.g., a playlist or radio
station) associated with one of the audio sources 120 to a preset indicator; browse and
select recents, where “recents” refers to recently accessed entities; use transport controls
(play/pause, next/skip, previous), view “Now Playing” (i.e., content currently playing on an
audio playback device 110) and album art; and adjust volume levels.

[0087] In some cases, the controllers 130 may include network controllers 130a, 130b
and auxiliary controllers 130c. The network controllers 130a, 130b are controllers that
communicate with the audio playback devices 110 over a wireless (Wi-Fi) network
connection. The network controllers can include primary network controllers 130a and
secondary network controllers 130b. The primary network controllers 130a can be utilized
for: connecting an audio playback device 110 to a Wi-Fi network (via a USB connection
between the audio playback device 110 and the primary network controller 130a); creating

a system account for the user; setting up music services; browsing of content for playback;
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setting preset assignments on the audio playback devices 110; transport control (e.g.,
play/pause, fast forward/rewind, etc.) for the audio playback devices 110; and selecting
audio playback devices 110 for content playback (e.g., single room playback or
synchronized multi-room playback). Devices in the primary network controller category can

include desktop and laptop computers.

[0088] The secondary network controllers 130b may offer some, but not all, of the
functions of the primary network controllers 130a. For example, the secondary network
controllers 130b may not provide for all of the account setup and account management
functions that are offered by the primary network controllers 130a. The secondary network
controllers 130b may be used for: music services setup; browsing of content; setting preset
assignments on the audio playback devices; transport control of the audio playback
devices; and selecting audio playback devices 110 for content playback: single room or
synchronized multi-room playback. Devices in the secondary network controller category
can include mobile devices such as smart phones and tablets.

[0089] The auxiliary controllers 130c communicate wirelessly (e.g., via Bluetooth low
energy (BTLE) or IR) with an associated (e.g., paired) one of the audio playback devices
(item 110, FIG. 1). The auxiliary controllers 130c may offer limited functionality. The
auxiliary controllers 130c may be used for: browsing of content; setting of preset
assignments on the associated one of the audio playback devices 110; and transport

control (play/pause, etc.) of the associated audio playback device.

[0090] The server 140 is a cloud-based server which contains (e.g., within an account
database) information related to a user’s audio system account. This includes user
account information such as the list of the audio playback devices 110 within the system
100, device diagnostic information, preset assignments, etc. The server 140 will be
connected to by the audio playback devices 140 and by the controllers 130 (e.g., by
primary network controllers) for the purpose of preset management, as well as

management of audio sources 120 and management of the user’s audio system account.
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Generally, the controllers 130 (e.g., network controllers 130a, 130b) will login to the server
140 with a user’s login details and 'sync down’ the required information to work with.

[0091] The audio playback devices 110 and one or more of the controllers 130 are
coupled to a local area network (LAN) 150. Other devices such as one or more of the
digital audio sources (e.g., a network-attached storage (NAS) device 120b) may also be
coupled to the LAN 150. The LAN 150 may be a wired network, a wireless network, or a
combination thereof. In one example, the devices (e.g., audio playback devices 110 and
controllers 130 (e.g., primary and secondary controllers 130a, 130b)) within the LAN 150
are wirelessly coupled to the LAN 150 based on an industry standard such as IEEE 802.11
b/g. The LAN 150 may represent a network within a home, an office, or a vehicle. In the
case of a residential home, the audio playback devices 110 may be arranged in different
rooms (e.g., kitchen, dining room, basement, etc.) within the home. The devices within the
LAN 150 connect to a user supplied access point 170 (e.g., a router) and subsequently to a
wide area network (WAN) 160 (e.g., the Internet) for communication with the other digital
audio sources 120 (Internet based music services 120a) and the server 140.

[0092] Notably, the audio system 100 can provide for the management of presets (a/k/a
preset assignments) and recents. Presets are a set of (e.g., six) user-defined shortcuts to
content, intended to provide quick access to entities associated with the digital music
sources 120 from (1 of 6) preset indicators present on each of the audio playback devices
110. In some cases, the preset indicators can be hardware buttons. Alternatively, the
preset indicators may be virtual buttons defined by regions on a touch sensitive display.
The individual preset indicators can be denoted with numerical identifiers.

[0093] The preset indicators the audio playback devices 110 provide access to their
respectively assigned entities irrespective of the associated digital audio source. More
specifically, the preset indicators can provide for single press access to the respectively
assigned entities, irrespective of the digital audio source. That is, a single press of a preset
indicator will start the streaming and rendering of content from an entity assigned to that
preset indicator regardless of the audio source providing that entity. In that regard, the
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presets are said to be source agnostic in that they behave in the same manner regardless
of the audio source. In some cases, the single press access can be facilitated with the
distribution of tokens for accessing account based audio sources which normally require a

user to login with account credentials.

[0094] The presets can be global or local at the user’s option. The user can select the
global or local option, e.g., during set up of the user’s system account. If the user’s
account is set to provide for global presets, the preset assignments will be synchronized on
all the audio playback devices 110 across the audio system 100 such that preset
assignments on any one of the audio playback devices correspond to respective preset
assignments on each of the other audio playback devices (e.g., such that preset indicator
“1” on a first one of the audio playback devices is assigned to the same entity as preset
indicator “1” on all of the other audio playback devices 110 in the audio system 100), and,
such that, if one of the preset assignments is changed on one of the audio playback
devices 110, each of the other audio playback devices 110 is automatically updated such
that a corresponding change is made to a corresponding preset assignment on each of the
other audio playback devices. The synchronization of the preset assignments is managed
through a combination of communications between the audio playback devices 110 with
the server 140, and communications among the audio playback devices 110 themselves.
A copy of the global preset assignments is stored locally on each audio playback device
110 associated with the user’s account, and a copy of the global preset assignments is
also maintained on the server 140.

[0095] FIG. 2 is a swim lane diagram 200 showing steps of managing/synchronizing
“global” presets. “Swim lane” diagrams may be used to show the relationship between the
various “actors” in the processes and to define the steps involved in the processes. FIG. 2
(and all other swim lane Figures) may equally represent a high-level block diagram of
components of the invention implementing the steps thereof. The steps of FIG. 2 (and all
the other FIGS. employing swim lane diagrams) may be implemented on computer
program code in combination with the appropriate hardware. This computer program code
may be stored on storage media such as a diskette, hard disk, CD-ROM, DVD-ROM or
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tape, as well as a memory storage device or collection of memory storage devices such as
read-only memory (ROM) or random access memory (RAM). Additionally, the computer
program code can be transferred to a workstation over the Internet or some other type of

network.

[0096] Referring to FIG. 2, four swim lanes are shown including a lane for one of the
controllers 210, a lane for a first one of the audio playback devices 212, a lane for the other
audio playback devices 214, and a lane for the server 216. At step 220, a first audio
playback device (i.e., a first one of the audio playback devices 110, FIG. 1) receives user
input regarding the assignment of an entity associated with one of the digital audio sources
to one of the preset indicators on the audio playback device. In some cases, the user
provides input directly to the audio playback devices, such as by pressing one of the preset
indicators on the audio playback device. Alternatively, the user may provide input via a
user interface on a selected one of the controllers (218), and the controller communicates
the user input to the first audio playback device (219).

[0097] At step 222, the first audio playback device updates one or more preset
assignments based on the user input. Updating can include updating data corresponding
to the preset assignments stored locally (e.g., within memory) on the audio playback
device.

[0098] At step 224, the first audio playback device sends information regarding the
update to the one or more preset assignments to the remote server for updating a set
preset assignments stored on the server. The update information may include an updated
set of preset assignments. The audio playback devices may communicate with the server
via a hypertext transfer protocol. The first audio playback device may, for example, upload
the update information to the server via an HTTP POST command.

[0099] The server receives the update information from the first audio playback device
(226), and updates a set of preset assignments stored on the server (228). Updating the

set of preset assignments can include replacing previously stored data (e.g., a previously
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stored set of presets) with the updated information (e.g., an updated set of preset

assignments).

[00100] At step 230, the first audio playback device sends a communication to each of
the other audio playback devices (e.g., a separate notification to each of the other audio
playback devices) in the audio system notifying the other playback devices that there has
been a change to one or more preset assignments.

[00101] At step 232, the other audio playback devices receive the notification from the
first audio playback device. In response to receiving the notification of change to the
preset assignments, the other audio playback devices synchronize their preset
assignments with the server. To achieve this synchronization, each of the audio playback
devices sends a communication (e.g., an HTTP GET request) to the server requesting

update information corresponding to the changes to the preset assignments (234).

[00102] At step 236, the server receives the requests from the other audio playback
devices. In response to the requests received from the other audio playback devices, the
server responds by providing update information (which may consist of an updated set of
preset assignments) to the each of the other audio playback devices (238).

[00103] At step 240, the other playback devices receive the update information from the
server. Upon receipt of the update information, the other playback devices update their
respective preset assignments (i.e., by updating preset data) (242). Updating can include
removing (deleting) old data and replacing with new, updated data. For example, updating
can include replacing a previously stored set of preset assignments and replacing with an
updated set of preset assignments. Following these steps all of the audio playback
devices will have the same preset assignments, and the server will have a copy of the
preset assignments.

[00104] Alternatively, if the user elects to set the user’s system account to provide for
local presets, the preset assignments will be device-specific such that the preset

assignments on any one of the audio playback devices 110 will not necessarily correspond
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to the preset assignments on any of the other audio playback devices 110. A copy of the
respective local preset assignments is stored locally on each audio playback device 110
associated with the user’s account, and a copy of the local preset assignments for each

audio playback device 110 is also maintained on the server 140.

[00105] FIG. 3is a swim lane diagram 300 illustrating steps for managing local presets.
Three swim lanes are shown including a lane for one of the controllers 310, a lane for a
first one of the audio playback devices 312, and a lane for the server 316. At step 320, a
selected audio playback device (i.e., a selected one of the audio playback devices 110,
FIG. 1) receives user input regarding the assignment of an entity associated with one of the
digital audio sources to one of the preset indicators on the audio playback device. In some
cases, the user provides input directly to the audio playback devices, such as by pressing
one of the preset indicators. Alternatively, the user may provide input via a user interface
on one of the controllers (318), and the controller communicates the user input to the
selected audio playback device (319).

[00106] At step 322, the selected audio playback device updates one or more preset
assignments based on the user input. Updating can include updating data corresponding
to the preset assignments stored locally (e.g., within memory) on the selected audio
playback device.

[00107] At step 324, the selected audio playback device sends information regarding the
update to the one or more preset assignments to the remote server for updating a set of
preset assignments stored on the server. The update information may include an updated
set of preset assignments. The audio playback devices may communicate with the server
via a hypertext transfer protocol. The first audio playback device may, for example, upload
the update information to the server via an HTTP POST command.

[00108] The server receives the update information from the selected audio playback
device (326), and updates a set of preset assignments stored on the server (328).
Updating the set of preset assignments can include replacing previously stored data (e.g.,

a previously stored set of presets) with the updated information (e.g., an updated set of
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preset assignments). When the presets are set to local, the server will maintain (store and
update) a separate set of presets for each audio playback device in the audio system.

[00109] The maintenance of a copy of the respective preset assignments for each of the
audio playback devices on the server can be beneficial, for example, where the user elects
to change from a local setting to a global setting after the individual devices have already
been programed with respective preset assignments. In such a situation, the server will
prompt the user (e.g., via one of the controllers) to select one of the audio playback
devices to serve as a master device. The server can then set the preset assignments for
the selected master audio playback device as a set of global preset assignments and can
provide the global preset assignments to the other audio playback devices in the audio

system so as to synchronize the presets across the audio system.

[00110] The “recents list” (a/k/a “recents”) is a list of entities that is populated from
content that the user has chosen to play. Recent entities can include Internet radio
stations (e.g., for Pandora® and vTuner®), and a “group of tracks” selected for Spotify®
and stored music. The “group of tracks” is a “parent” of a currently playing track, based on
whatever the user either browsed to or searched for (e.g., Album, Playlist, Genre > All,
Artist > All, etc.). The controllers 130, and, in some cases, the audio playback devices
110, can provide access to the recents by displaying the recents list to the user and
allowing the user to browse the recents list and select entities therefrom.

[00111] The recents can be limited to a predetermined number of entities (e.g., 50-100
entities). Alternatively or additionally, the recents may be limited by date. For example, the
recents may be limited to entities accessed by the user within the last day, month, year,

etc., with older entries being purged from the list.

[00112] FIG. 4 is an exemplary user interface 400 which may be provided by one of the
controllers 130 (FIG. 1), and which displays the recents list 410. The recents entries can
be presented in reverse chronological order. “Now playing” (currently playing) tracks, if

any, can be presented at the top of the list when the recents are displayed to the user
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(412), and may include an indication of where (i.e., on which of the audio playback devices)
they are playing.

[00113] Other entities included in the recents list can be displayed along with an
indication of the time since they were last started. Within the same day this can take the
format of “X hours” + “Y minutes” + “ago” (414). For one day ago (e.g., between 24 and 48
hours ago), “Yesterday” is displayed (416). For more than one day ago (e.g., 48 hours or

more) the time can be display in the format of “X days” + “ago” (418).

[00114] As described below, the controllers 130 can be utilized to control the music
selection on the audio playback devices 110 on a device-by-device (i.e., audio playback
device by audio playback device) basis. Selecting a “Now Playing” entity from the recents

list joins the corresponding music stream if it is not already joined.

[00115] As with the presets, the recents can be global (applied to all audio playback
devices associated with a user’s account) or local (device-specific) at the user’s option.
The same local/global toggle can be leveraged for both the presets and the recents. That
is, one “global/local” setting can dictate whether the presets and recents are global or local.
In some cases, the default setting is “global.”

[00116] FIG. 5 is a swim lane diagram 500 showing steps for managing global recents.
Four swim lanes are shown in FIG. 5 including a lane for a selected one of the controllers
510, a lane for a first one of the audio playback devices 512, a lane for the other audio
playback devices 514, and a lane for the server 516. At step 520, a first audio playback
device (i.e., a first one of the audio playback devices 110, FIG. 1) receives user input
regarding the selection of an entity associated with one of the audio sources for providing
streamed audio. In this regard, the user may provide input via one of the controllers (518),

and the controller can communicate the user input to the first audio playback device (519).

[00117] At step 522, the first audio playback device updates a recents list stored locally
(e.g., within memory) on that audio playback device to include the recently selected entity.
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[00118] At step 524, the first audio playback device sends information regarding the
update to the recents list to the remote server for updating a recents list stored on the
server. The update information may include an updated recents list. The audio playback
devices may communicate with the server via a hypertext transfer protocol. The first audio
playback device may, for example, upload the update information to the server via an
HTTP POST command.

[00119] The server receives the update information from the first audio playback device
(526), and updates a recents list stored on the server (528). Updating the recents list can
include replacing previously stored data (e.g., a previously stored recents list) with the

updated information (e.g., an updated recents list).

[00120] At step 530, the first audio playback device sends a communication to each of
the other audio playback devices (e.g., a separate notification to each of the other audio
playback devices) in the audio system notifying the other playback devices that there has
been a change to the recents list.

[00121] At step 532, the other audio playback devices receive the notification from the
first audio playback device. In response to receiving the notification of change to the
recents list, the other audio playback devices synchronize their locally stored copies of the
recents list with the server. To achieve this synchronization, each of the audio playback
devices sends a communication (e.g., an HTTP GET request) to the server requesting
update information corresponding to the changes to the recents list (534).

[00122] At step 536, the server receives the requests from the other audio playback
devices. Inresponse to the requests received from the other audio playback devices, the
server responds by providing update information (which may consist of an updated recents

list) to each of the other audio playback devices (538).

[00123] At step 540, the other playback devices receive the update information from the
server. Upon receipt of the update information, the other playback devices update their
respective copies of the recents list (i.e., by updating recent data) (542). Updating can
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include removing (deleting) old data and replacing with new, updated data. For example,
updating can include replacing a previously stored recents list and replacing with an
updated recents list. Following these steps all of the audio playback devices will have the

same recents list, and the server will have a copy of the recents list.

[00124] When a user browses recents using one of the controllers, the controller will
retrieve the recents list stored locally on a selected one of the audio playback devices for
display to the user. Thus, when recents are set to global, the user will be presented with
the same list of entities regardless of which one of the audio playback devices the user
selects to control though the controller.

[00125] FIG. 6 is a swim lane diagram 600 showing steps for managing local recents.
Three swim lanes are shown including a lane for one of the controllers 610, a lane for a
selected one of the audio playback devices 612, and a lane for the server 616. At step
520, a selected audio playback device (i.e., a selected one of the audio playback devices
110, FIG. 1) receives user input regarding the selection of an entity associated with one of
the audio sources for providing streamed audio. In this regard, the user may provide input
via one of the controllers (518), and the controller can communicate the user input to the

first audio playback device (519).

[00126] At step 522, the selected audio playback device updates a recents list stored
locally (e.g., within memory) on that audio playback device to include the recently selected
entity.

[00127] At step 524, the selected audio playback device sends information regarding the
update to the recents list to the remote server for updating a recents list stored on the
server. The update information may include an updated recents list. The audio playback
devices may communicate with the server via a hypertext transfer protocol. The first audio
playback device may, for example, upload the update information to the server via an
HTTP POST command.
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[00128] The server receives the update information from the selected audio playback
device (526), and updates a recents list stored on the server (528). Updating the recents
list can include replacing previously stored data (e.g., a previously stored recents list) with
the updated information (e.g., an updated recents list). Thus, when recents are set to local,
the user will be presented with the a device specific list of entities that corresponds to the
entities that had been most recently accessed by the audio playback device that the user
selects to control though the controller. The server will maintain a separate recents list for
each audio playback device in the audio system.

[00129] The maintenance of a copy of the respective recents lists for each of the audio
playback devices on the server can be beneficial, for example, where the user elects to
change from a local setting to a global setting after the individual devices have already
curated their respective recents lists. In such a situation, the server can prompt the user
(e.g., via one of the controllers) to select one of the audio playback devices to serve as a
master device. The server can then set the recents list for the selected master audio
playback device as a global recents list and can provide the global recents list to the other
audio playback devices in the audio system so as to synchronize the recents list across the
audio system.

[00130] AUDIO PLAYBACK DEVICES

[00131] An exemplary audio playback device 110 will now be described in greater detail
with reference to FIGS. 7A through 7C. Referring to FIG. 7A, an audio playback device
110 includes an enclosure 710 and on the enclosure 710 there resides a graphical
interface 712 (e.g., an OLED display) which can provide the user with information
regarding currently playing (“Now Playing”) music and information regarding the presets. A
screen 714 conceals one or more electro-acoustic transducers 715 (FIG. 7C). The audio
playback device 110 also includes a user input interface 716. As shown in FIG. 7B, the
user input interface 716 includes a plurality of preset indicators 718, which are hardware
buttons in the illustrated example. The preset indicators 718 (numbered 1-6) provide the
user with easy, one press access to entities assigned to those buttons. That is, a single
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press of a selected one of the preset indicators 718 will initiate streaming and rendering of
content from the assigned entity.

[00132] The assigned entities can be associated with different ones of the digital audio
sources (items 120a, 120b, 120c, FIG. 1) such that a single audio playback device 110 can
provide for single press access to various different digital audio sources. In one example,
the assigned entities include at least (i) user-defined playlists of digital music and (ii)
Internet radio stations. In another example, the digital audio sources include a plurality of
Internet radio sites, and the assigned entities include individual radio stations provided by
those Internet radio sites.

[00133] Notably, the preset indicators 718 operate in the same manner, at least from the
user’s perspective, regardless of which entities are assigned and which of the digital audio
sources provide the assigned entities. That is, each preset indicator 718 can provide for
single press access to its assigned entity whether that entity is a user-defined playlist of
digital music provided by an NAS device or an Internet radio station provided by an Internet

music service.

[00134] With reference to FIG. 7C, the audio playback device 110 also includes a network
interface 720, a processor 722, audio hardware 724, power supplies 726 for powering the
various audio playback device components, and memory 728. Each of the processor 722,
the graphical interface 712, the network interface 720, the processor 722, the audio
hardware 724, the power supplies 726, and the memory 728 are interconnected using
various buses, and several of the components may be mounted on a common

motherboard or in other manners as appropriate.

[00135] The network interface 720 provides for communication between the audio
playback device 110 and the controller (e.g., items 130a-c, FIG.1), the server (item 140,
FIG. 1), the audio sources (items 120, FIG. 1) and other audio playback devices 110 via
one or more communications protocols. The network interface 720 may provide either or
both of a wireless interface 730 and a wired interface 732. The wireless interface 730

allows the audio playback device 110 to communicate wirelessly with other devices in
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accordance with a communication protocol such as such as IEEE 802.11 b/g. The wired
interface 732 provides network interface functions via a wired (e.g., Ethernet) connection.

[00136] In some cases, the network interface 720 may also include a network media
processor 734 for supporting Apple AirPlay® (a proprietary protocol stack/suite developed
by Apple Inc., with headquarters in Cupertino, California, that allows wireless streaming of
audio, video, and photos, together with related metadata between devices). For example,
if a user connects an AirPlay® enabled device, such as an iPhone or iPad device, to the
LAN 150, the user can then stream music to the network connected audio playback
devices 110 via Apple AirPlay®. A suitable network media processor is the DM870
processor available from SMSC of Hauppauge, New York. The network media processor
734 provides network access (i.e., the Wi-Fi network and/or Ethernet connection can be
provided through the network media processor 734) and AirPlay® audio. AirPlay® audio
signals are passed to the processor 722, using the I°S protocol (an electrical serial bus
interface standard used for connecting digital audio devices), for downstream processing
and playback. Notably, the audio playback device 110 can support audio-streaming via
AirPlay® and/or DLNA’s UPnP protocols, and all integrated within one device.

[00137] All other digital audio coming from network packets comes straight from the
network media processor 734 through a USB bridge 736 to the processor 722 and runs
into the decoders, DSP, and eventually is played back (rendered) via the electro-acoustic

transducer(s) 715.

[00138] The network interface 710 can also include a Bluetooth low energy (BTLE)
system-on-chip (SoC) 738 for Bluetooth low energy applications (e.g., for wireless
communication with a Bluetooth enabled controller (item 130c, FIG. 1)). A suitable BTLE
SoC is the CC2540 available from Texas Instruments, with headquarters in Dallas, Texas.

[00139] Streamed data pass from the network interface 720 to the processor 722. The
processor 722 can execute instructions within the audio playback device (e.g., for
performing, among other things, digital signal processing, decoding, and equalization

functions), including instructions stored in the memory 728. The processor 722 may be
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implemented as a chipset of chips that include separate and multiple analog and digital
processors. The processor 722 may provide, for example, for coordination of other
components of the audio playback device 110, such as control of user interfaces,
applications run by the audio playback device 110. A suitable processor is the DA921

available from Texas Instruments.

[00140] The processor 722 provides a processed digital audio signal to the audio
hardware 724 which includes one or more digital-to-analog (D/A) converters for converting
the digital audio signal to an analog audio signal. The audio hardware 724 also includes
one or more amplifiers which provide amplified analog audio signals to the electroacoustic
transducer(s) 715 for playback. In addition, the audio hardware 724 may include circuitry
for processing analog input signals to provide digital audio signals for sharing with other
devices in the acoustic system 100.

[00141] The memory 728 stores information within the audio playback device 110. In this
regard, the memory 728 may store account information, such as the preset and recent
information discussed above. The memory 728 may also provide storage for “tokens” for
facilitating single press access to the digital audio sources 120 (e.g., the Internet radio
services of FIG. 1). A token, as used herein, is a unique identifier that may be provided by
the digital audio source 120 and which allows the digital audio source 120 to recognize the
audio playback device 110 as being associated with a user’s account with the digital audio
source 120 and without requiring the user to enter credentials (e.g., user name, password,
etc.) each time the audio playback device 110 attempts to access the digital audio source
120.

[00142] The memory 728 may include, for example, flash memory and/or non-volatile
random access memory (NVRAM). In some implementations, instructions (e.g., software)
are stored in an information carrier. The instructions, when executed by one or more
processing devices (e.g., the processor 722), perform one or more processes, such as
those described above (e.g., with respect to FIGS. 2, 3, 5, and 6). The instructions can

also be stored by one or more storage devices, such as one or more computer- or
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machine-readable mediums (for example, the memory 728, or memory on the processor).
The instructions may include instructions for performing decoding (i.e., the software
modules include the audio codecs for decoding the digital audio streams), as well as digital

signal processing and equalization.

[00143] The instructions may also include instructions for enabling certain “browsing”
functionality. That is, at least in some cases, the controllers (items 130a-c, FIG. 1) serve
as graphical remote controls for the audio playback devices 110 and do not communicate
with the digital audio sources 120 (FIG. 1) directly, but, instead, communicate with the
digital audio sources 120 via the audio playback devices 110.

[00144] FIG. 8 is a swim lane diagram 800 showing steps for browsing entities (e.g.,
stations) associated with one of the digital audio sources (items 120a-c, FIG. 1). Three
swim lanes are shown in FIG. 8 including a lane for a selected one of the controllers 810, a
lane for a selected one of the audio playback devices 812, and a lane for a selected one of
the digital audio sources 813.

[00145] At step 820, the controller receives input from a user requesting a list of stations
(entities) from a selected one of the digital audio sources (i.e., a digital audio source, within
the audio system, that is selected by the user via a user interface provided by the
controller). At step 822, the controller sends the request to a selected one of the audio
playback devices (i.e., an audio playback device, within the audio system, that is selected
by the user via a user interface provided by the controller).

[00146] At step 824, the selected one of the audio playback devices receives the request
from the controller. In response, the audio playback device connects to the selected digital
audio source via the router and Internet connection and requests a list of entities (e.g.,

stations) associated with that source (826).

[00147] At step 828, the selected one of the digital audio sources receives the request
from the audio playback device. In response to the request from the audio playback
device, the audio source sends a list of available entities to the audio playback device
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(830). The audio playback device receives the list of available entities (832) and the audio
playback device sends the list of available entities along to the controller (834).

[00148] The controller receives the list of available entities from the audio playback
device (836) and displays the list to the user (838).

[00149] FIG. 9 illustrates another implementation of an audio playback device 110’ in
which the audio playback device hardware is divided between the enclosure 710 and a
separate device (“dongle 900”). The dongle 900 can be connected to the enclosure 710
via a wired connection 902. In the illustrated example of FIG. 9, the network interface 720,
the processor 722, the audio hardware 724, and the power supplies 726 are located within
a housing 904 of the dongle 900. The graphical interface 712 and the user input interface
716 are located on the enclosure 710. The enclosure 710 encloses the electro-acoustic
transducer(s) 715 and may also include additional electronics 906 (e.g., processors,
amplifiers, D/A converters, A/D converters, power supplies, etc.) for processing, converting
and amplifying audio content from local audio sources (e.g., audio content stored in
memory within the enclosure 710, a CD connected to the audio playback device, a portable

music device such as an |IPod connected to the audio playback device 110’, etc.).

[00150] CONTROLLERS

[00151] Referring to FIG. 10, an exemplary controller 130 includes a processor 1000, a
memory 1010, a display 1012, a user input interface 1014, and a network interface 1016,
among other components. The controller 130 may also be provided with a mass storage
device 1018, such as a hard drive, a micro-drive, or other device, to provide additional
storage. Each of the processor 1000, the memory 1010, the display 1012, and the network
interface 1016 are interconnected using various buses, and several of the components

may be mounted on a common motherboard or in other manners as appropriate.

[00152] The processor 1000 can execute instructions (e.g., software) within the controller
130, including instructions stored in the memory 1010 or in a secondary storage device
(e.g., mass storage device 1018). The processor 1000 may be implemented as a chipset
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of chips that include separate and multiple analog and digital processors. The processor
1000 may provide, for example, for coordination of other components of the controller 130,
such as control of user interfaces, applications run by the controller 130, and network
communication by the controller 130. The processor 1000 may communication with a user
through the display 1012 and the user input interface 1014.

[00153] The processor 1000 may communicate with the user through a display interface
1020 coupled to the display 1012. The display 1012 may include an LCD monitor, or a
touch sensitive display (e.g., in the case of a mobile device). The display interface 1020
may comprise appropriate circuitry for driving the display 1012 to preset graphical and
other information to the user.

[00154] The user input interface 1014 may include one or more user input devices such
as a keyboard, a pointer device such as a mouse, and/or a touch sensitive display. In
some cases, the same device (e.g., a touch sensitive display) may be utilized to provide
the functions of the display 1012 and the user input interface 1014.

[00155] The network interface 1016 facilitates wireless communication (e.g., Wi-Fi,
Bluetooth, IR, etc.) with one or more of the audio playback devices (item 110, FIG. 1) via a

corresponding network interface (item 720, FIG. 7C) on the audio playback device 110.

[00156] The memory 1010 stores information within the controller 130. In some
implementations, the memory 1010 is a volatile memory unit or units. In some
implementations, the memory 1010 is a non-volatile memory unit or units. The memory
1010 may also be another form of computer-readable medium, such as magnetic or optical
disk.

[00157] The mass storage device 1018 is capable of providing mass storage for the
controller 130. In some implementations, the mass storage device 1018 may be or contain
a computer readable medium, such as a floppy disk device, a hard disk device, an optical
disk device, or a tape device, a flash memory or other similar solid state memory device, or
an array of devices.
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[00158] Instructions (e.g., software) can be stored in an information carrier. The
instructions, when executed by one or more processing devices (e.g., the processor 1000),
perform one or more processes, such as those described above (e.g., with reference to
FIGS. 2, 3, 5, 6 and 8). The instructions can also be stored by one or more storage
devices such as computer- or machine-readable mediums (for example, the memory 1010,
the storage device 1018, or memory in the processor 1000).

[00159] Referring to FIG. 11, the controller software can include a user application 1100,
a DLNA server daemon 1110, and a USB driver 1112. The user application 1100 is run by
the user and can be started from a daemon in response to a Region Icon command. The
user application 1100 includes computer-executable instructions (e.g., software modules)
for system account creation and management (i.e., creating and managing a user’s system
account) (1114); audio playback device registration and configuration (1116); network
management (1118); preset/recent management (1120); transport control (e.g.,
play/pause, rewind/forward, etc.) for the audio playback devices (1122); initiating firmware
updates for the audio playback devices (1124); music services setup (1126); and context
sensitive help (1128). Each of these functions can be provided by a corresponding

software module.

[00160] The DLNA server daemon 1110 serves music from the user’s computer (e.g.,
iTunes, Windows Media Player, or files in a folder) to audio playback devices 110. The
DLNA server 1110 is installed as a system service and always runs when the computer
(controller 130) is booted. The DLNA server daemon 1110 shows as a tray icon when
running in the background and can continue to serve music even when the user application
1100 is shut down. The DLNA server daemon 1110 can provide the user with the options
for enabling and disabling the serving of the selected music library.

[00161] The USB driver 1112 defines how the audio playback device 110 communicates
with the controller 130 over a local USB connection. The USB driver 1112 is installed as a
device driver. In some cases, the USB driver 1112 is just an .INF file (i.e., a plain text

information file) that points to a standard USB driver. The USB driver 1112 can be loaded
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by the controllers 130 operating system when the audio playback device 110 is connected
via USB.

[00162] FIG. 12 is a state interaction diagram that shows an overview of various user
interface states of the user application 1100. Referring to FIG. 12, the user application
consists of four primary user interface (Ul) states: a setup state 1210; a tutorial state 1212;

a main application state 1214; and a settings state 1216.

[00163] A first run of the user application 1100 initiates the setup state 1210. The setup
state 1210 performs network (e.g., Wi-Fi/Ethernet) setup, system account creation, and
music services setup via the corresponding software modules (FIG. 11). After a first run of
the user application 1100, the Wi-Fi setup is automatically triggered when an audio
playback device 110 (FIG. 1) is connected to a controller 130 (FIG. 1) via USB.

[00164] When the setup state 1210 is completed, the user is shown a pop-up 1218 that
gives him/her the option to view a tutorial, or to skip it and go directly to the main
application state 1214. If the user elects to view the tutorial, the tutorial state 1212 runs
and provides a step-by-step overview of how to use the main application Ul state. As
mentioned above, the secondary network controllers 130b (FIG. 1) may not offer all of the
functionality of the primary network controllers 103a (FIG. 1). More specifically, the
secondary network controllers 130b may not provide the setup functions offered by the
primary network controllers 130a, and, consequently, the secondary network controllers
130b may start at step 1218.

[00165] When the tutorial 1212 is complete, or if the user elects to skip the tutorial, the
main application state 1214 runs. The main application state 1214 is the primary

application view that the user interfaces with.

[00166] The user can access the settings state 1216 via the main application state 1214
(e.g., settings can be a menu item that is selectable from the main application state 1214.
The settings state 1216 is an interface for adjusting system settings. The settings state

1216 can be used to: (i) adjust account settings (e.g., change an account password, delete
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an audio system account, etc.); (ii) adjust device settings (e.g., update software, change a
device name, etc.); (iii) adjust presets and recents settings (e.g., change between local and
global settings); (iv) adjust music services settings (e.g., add a music service, change
location for local Internet radio, edit a Pandora® account, connect another Pandora®

account); and adjust stored music settings (e.g., add or remove a music library).

[00167] FIG. 13 illustrates a high-level workflow for the setup state. The setup state
1210 consists of four main steps: Adding devices (e.g., audio playback devices and
auxiliary controllers) to a user’s system network (1310); audio playback device software
update (1312); system account creation (1314); and music setup (1316).

[00168] The setup state 1210 is generally initiated when an audio playback device 110 is
connected to the controller 130 via a USB connection. This starts the step of adding
devices to an audio system network LAN 150 (FIG. 1), which will begin by prompting the
user to select how the USB connected audio playback device 110 will connect to the LAN
(item 150, FIG. 1) (e.g., via Wi-Fi connection or via Ethernet connection) (1320). Once the
user selects the network connection type, the user will be prompted to setup the network
connection (1322). This can include entering network credentials (e.g., entering a network
name or selecting from a list of available networks and entering a password if the network

is password protected).

[00169] Once a network connection is established, the user interface on the controller
130 can prompt the user to disconnect the audio playback device 110 from the controller
130 (i.e., disconnect the USB connection) and connect the audio playback device 110 to

power where the user intends to use it, and then return to complete setup.

[00170] Next, the user interface can prompt the user to pair an auxiliary controller (BTLE
controller) and can walk the user through the pairing process (1324). Then, the user can
be prompted to setup additional devices (1326). Additional devices can be added by
connecting via USB and going through the aforementioned steps for each subsequently

added device.
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[00171] In the next step (1328) of the setup process, device software is updated. The
controller sends a command to the network connected audio playback devices to check for
software updates (the software updates may be made available through the server and/or
via a separate Internet service). The controller will prompt the user to update the audio
playback devices if any updates are available and sends a command to the audio playback
devices for update. The controller can indicate the software update progress via the user
interface and can display a popup window in case of any errors.

[00172] Once updates are completed, the controller will guide the user through creating
an audio system account or will prompt the user to sign in to an existing account (1330).
The system account will be created on the server via direct interaction between the

controller and the server.

[00173] Next, the controller guides the user through music setup (1316) which includes
setting up the user’s stored music sources including PC stored music, NAS devices, etc.
(1332) as well as setting up Internet based audio sources (e.g., Pandora®, vTuner®, etc.)
(1334).

[00174] In some cases, when setting up the digital audio sources, the user may be
prompted to enter account credentials. For example, when adding a user’'s Pandora®
account to the user’s system account, the Pandora® Internet service may request account
credentials from the user. In return, Pandora® will return a unique identifier (“token”) that
can be stored on the server and in memory on each of the audio playback devices and
which will allow the audio playback devices subsequent access to the remote audio source

without requiring login each time.

[00175] FIG. 14A is a swim lane diagram showing steps for music setup for a digital
audio source such as an Internet music service. Three swim lanes are shown in FIG. 14A
including a lane for one of the controllers 1410, a lane for a selected one of the audio
playback devices 1412, and a lane for a selected one of the digital audio sources (e.g., an

Internet music service such as Pandora®) 1414.
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[00176] At step 1420, the controller receives user input requesting access to an Internet
music service, and, at step 1422, sends the request to a selected one of the audio
playback devices.

[00177] The selected audio playback device receives the request from the controller
(1424) and sends the request to the Internet music source (1426). Internet music source

receives request (1428) and responds with a request for login credentials (1430).

[00178] The selected audio playback device receives the request for credentials (1432)
and sends the request to the controller (1434). At step 1436, the controller receives the
request for login credentials, and, at step 1438, the controller displays the request for login
credentials to the user.

[00179] At step 1440, the controller receives login credentials from the user, and, at step
1442, the controller sends the login credentials to the selected audio playback device. The
selected audio playback device receives the login credentials (1444) and sends the

credentials to the Internet music service (1446).

[00180] At step 1448, the Internet music service receives the login credentials, and, at
step 1450, authenticates the user’s account. If the user’s account is authenticated, the
Internet music service will grant access and return a token to the selected audio playback
device (1452). As discussed above, the token allows the Internet music service to identify
and associate the device with a user’s Internet music service account, thus obviating the

need for login credentials after music services setup.

[00181] The selected audio playback device receives the token (1454), and stores the
token within memory in the selected audio playback device (1456). The token can then be
distributed to other devices within the audio system to allow those other devices to similarly

access the Internet music service.

[00182] FIG. 14B is a swim lane diagram showing steps for for distribution of tokens for

accessing account based digital audio sources such as certain Internet music services.
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Three swim lanes are shown in FIG. 14B including a lane for a first one of the audio
playback devices 1460, a lane for the other audio playback devices in the audio system
1462, and a lane for the remote server 1464. The first one of the audio playback devices
(the first audio playback device) corresponds to the selected one of the audio playback
devices that was utilized by the selected one of the controllers to setup the Internet music
service as described above with respect to FIG. 14A.

[00183] At step 1466, the first audio playback device sends a copy of the token received
from the Internet music service to the server. The server receives the token from the first

audio playback device (1468), and stores a copy of the token locally (e.g., within memory)
on the server (1470).

[00184] At step 1472, the first audio playback device sends a communication to each of
the other audio playback devices (e.g., a separate notification to each of the other audio
playback devices) in the audio system notifying the other playback devices that there have
been changes to the user’s account (i.e., a new digital audio source has been added to the
audio system).

[00185] At step 1474, the other audio playback devices receive the naotification from the
first audio playback device. In response to receiving the notification, each of the audio
playback devices sends a communication to the server requesting information

corresponding to the changes to the user’s account (1476).

[00186] At step 1478, the server receives the requests from the other audio playback
devices. In response to the requests received from the other audio playback devices, the
server responds by providing the new account information (which may consist of a copy of
the token for the recently added Internet music service) to each of the other audio playback
devices (1480).

[00187] At step 1482, the other playback devices receive the new account information

(e.g., a copy of the token) from the server. Upon receipt of the update information, the
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other playback devices update their locally stored copies of the user’s account information
(i.e., by adding the token to stored data) (1483).

[00188] The distribution of “tokens” can help to facilitate single press access to the
sources (e.g., via the preset indicators on the audio playback devices) to provide for source
agnostic operation (i.e., the audio playback devices behave the same regardless of the
source). This can help to allow the preset indicators on the audio playback devices to
provide access to their respectively assigned entities irrespective of the associated digital

audio source.

[00189] Referring to FIG. 15A, the user interface 1500 for the main application state
includes: an audio playback device region 1510, a preset region 1512, and a source region
1514. The audio playback device region 1510 lists audio playback devices 1516 on the
LAN (150, FIG. 1) that are available for control. User can select the audio playback device
1516 from the list of available devices. The device that is currently selected is centered in
the region. This is the device for which now playing information, presets, and recents are
shown. The audio playback device region 1510 includes a volume slider 1518 which can

be used to control the volume of the selected device.

[00190] The preset region provides a list of preset indicators 1520 (in the form of virtual
buttons) which correspond to the preset indicators (item 718, FIG. 7B) on the selected
audio playback device. The list can include a description of the corresponding entity
assigned to the preset indicator along with a numerical identifier for the preset indicator.
Users can select a preset (e.g., by double-clicking) play content associated with the
selected preset with the selected audio playback device. Or, as discussed below, the user

can use the interface to assign entities to the presets.

[00191] The source region 1514 displays one of two modes of the main application. The
two modes of the main application include a “Now Playing” mode (FIG. 15A) and an
“Explore” mode (FIG. 15B). In the Now Playing mode, the source region 1514 displays
album art 1522 for content being played by the selected audio playback device. The
source region 1514 includes an identification of the audio source 1524 for the playing
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content, as well as source specific now playing information 1526 such as Artist
Name/Album Name/Track name. In Now Playing mode, the source region 1514 also
includes source specific buttons 1528, which may include transport functions such as play,
pause, skip forward, etc. Also displays an “Explore” button 1530 which allows the user to

navigate to the Explore mode.

[00192] Referring to FIG. 15B, the Explore mode allows the user to browse available
content and features. In the Explore mode, the source region 1514 displays one of a
plurality of lists that the user can navigate through to select content to play, to select an
entity to assign to a preset, to access Help content, and/or to manage settings.

[00193] A top-level Explore list (FIG. 15B) will include links 1532 to: digital audio sources
(e.g., global and/or local Internet radio provided by vTuner®, stored music, Pandora®,
etc.), recents list, help content, and the settings Ul state. Audio sources with multiple
accounts (e.g., multiple Pandora® accounts all associated with the user’s system account)
may be listed by date, with the first one set up listed first.

[00194] Selection of an audio source opens a sub-list of entities (FIG. 15C, showing sub-
list of entities) associated with the selected source (the “Global Internet Radio” source
(e.g., provided by vTuner®)) in the source region 1514. The sub-list of entities is
generated via communication between the controller, the selected audio playback device,
and the selected audio source as discussed above. A “Now Playing” button 1534 allows
the user to navigate to the Now Playing mode.

[00195] FIGS. 16A through 16C illustrate another implementation of a graphical user
interface 1600 for the main application that may be utilized for mobile devices. In the
implementation of FIGS. 16A-16C, the main application can be in one of three modes:
Presets mode (FIG. 16A), Now Playing mode (FIG. 16B), or Explore mode (FIG. 16C).
The user can navigate between Presets, Now Playing, and Explore modes by
swiping/navigating left/right amongst these modes.
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[00196] Referring to FIG. 16A, the user interface 1600 for the main application includes:
an audio playback device region 1612, a presets region 1614, and a source region 1616.
The audio playback device region 1612 lists audio playback devices on the LAN (item 150,
FIG. 1) that are available for control. User can select the audio playback device from the
list of available devices. The Audio playback device region 1612 includes a volume slider
1616 which can be used to control the volume of the selected device.

[00197] The presets region 1614 includes a list of preset indicators 1620 (in the form of
virtual buttons) which correspond to the preset indicators on the selected audio playback
device. The preset indicators (item 718, FIG. 7B) are identified by corresponding
numerical identifiers for each preset indicator. Users can select a preset (e.g., by double-
clicking) play content associated with the selected preset with the selected audio playback
device.

[00198] The source region 1616 displays the Presets mode, the Now Playing mode, or
the Explore mode of the main application. In the Preset mode, shown FIG. 16A, the source
region 1616 displays additional information for the device presets. The additional
information can include a description of the corresponding entity assigned to the preset

along with a numerical identifier for the preset button.

[00199] In the Now Playing mode (FIG. 16B), the source region 1616 displays album art
1618 for content being played by the selected audio playback device. The source region
1616 also includes an identification of the audio source 1620 for the playing content, as
well as source specific now playing information 1622 such as Artist Name/Album
Name/Track name. In the Now Playing mode, the source region 1616 also includes source
specific buttons 1624, which may include transport functions such as play, pause, skip

forward, etc.

[00200] The Explore mode (FIG. 16C) allows the user to browse available content and
features. In the Explore mode, the source window displays one of a plurality of menus that
the user can navigate through to select content to play, to select an entity to assign to a
preset, to access Help content, and/or to manage settings.
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[00201] A top-level Explore list will include links to: available audio sources, recents, help
content, and the settings Ul state. Audio sources with multiple accounts (e.g., multiple
Pandora® accounts all associated with the user’s system account) may be listed by date,

with the first one set up listed first.

[00202] Selection of an audio source opens a sub-list of entities associated with the
selected source in the source window. The sub-list of entities is generated via
communication between the controller, the selected audio playback device, and the
selected audio source as discussed above.

[00203] FIG. 17 illustrates a process 1700 for setting preset from a controller. The
process 1700 includes selecting an audio playback device from the audio playback device
region of the user interface (1710). The selected audio playback device will be the device
that the controller utilizes to communicate with the digital audio sources. The process 1700
also includes assigning an entity to a preset indicator on the selected audio playback
device (1712).

[00204] In this regard, preset assignments can be set from either the “Now Playing”
mode or the “Explore” mode of the main application. Assigning from the Now Playing

mode will assign entity associated with currently playing content to the selected preset.

[00205] FIGS. 18A and 18B show a sequence of screen displays illustrating the setting of
a preset assignment from the Now Playing mode on a desktop or laptop computer.
Referring to FIGS. 18A and 18B, the user selects (e.g., by clicking with pointing device
(mouse) or tapping in the case of a touch sensitive screen) and holds one of the preset
indicators 1800 to cause the preset indicator to be highlighted (FIG. 18A). After the
selected preset indicator 1800 is held for a predetermined amount of time, the preset
indicator 1800 will be assigned to the “Now Playing” entity. This may be indicated by a
change in the text associated with the preset indicator 1800 (e.g., the text may be updated
to reflect the newly associated entity’s name, as shown in FIG. 18B). The new or updated
preset assignment will take effect on the selected audio playback device 1810 (i.e., the

device selected in the audio playback region) which is being controlled by the controller.
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[00206] Alternatively, as illustrated in FIGS. 19A and 19B, the user can right-click on one
the preset indicators 1900 and select “Set Preset” from a right-click menu 1910 to assign
the entity associated with the currently playing content to be assigned to the selected
preset indicator 1900.

[00207] Alternatively, Referring to FIGS. 20A and 20B, the main application state may
include a menu bar 2000 with a “Set Preset” button 2010. The user can set a preset
assignment by clicking on the “Set Preset” button 2010 to display a Preset menu 2012.

The user can choose a preset from the preset menu 2012 to assign the entity (e.g., Internet
radio station) associated with the “Now Playing” content to. Preset changes may be
indicated by text changes to the station name associated with the preset indicator (FIG.
18B).

[00208] FIGS. 21A through 21C illustrate yet another method of setting a preset from the
“Now Playing” mode. The user can click/tap 2100 and hold within the source region (FIG.
19A). The entity to be assigned to a preset appears in a pop-up 2110 in the clicked/tapped
area (FIG. 19B). And the entity is dragged and dropped on the destination preset indicator
2112 (FIG. 19C).

[00209] FIGS. 22A and 22B illustrate a method of assigning a preset in the Browse
mode. The user selects an entity 2200 from a list of entities 2210 and drags the selected
entity to the preset indicator 2212 (FIG. 20A). The preset assignment is updated to reflect
the change. This can be reflected by a text update on the preset indicator 2212 (FIG. 20B).

[00210] Alternatively, the preset assignment can be set or changed on the audio
playback device itself by pressing and holding one of the preset indicators on the device’s
enclosure. This will assign an entity associated with currently plating content to the

selected preset indicator.

[00211] Once a preset assignment is set for the first time or changed on one of the audio
playback devices, the preset assignments can be synchronized across the audio system as
described above with respect to FIG. 2.
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[00212] SERVER

[00213] FIG. 23 illustrates an exemplary computing device 2300 that can be utilized to
implement the server (item 140, FIG. 1). The computing device 2300 is intended to
represent various forms of digital computers, such as servers, blade servers, mainframes,
and other appropriate computers. The components shown here, their connections and
relationships, and their functions, are meant to be examples only, and are not meant to be

limiting.

[00214] The computing device 2300 includes a processor 2310, a memory 2312, a
storage device 2314, a high-speed interface 2316 connecting to the memory 2312 and
multiple high-speed expansion ports 2318, and a low-speed interface 2320 connecting to a
low-speed expansion port 2322 and the storage device 2314. Each of the processor 2310,
the memory 2312, the storage device 2314, the high-speed interface 2316, the high-speed
expansion ports 2318, and the low-speed interface 2320 are interconnected using various
busses, and may be mounted on a common motherboard or in other manners as
appropriate. The processor 2310 can process instructions (e.g., a software program) for
execution within the computing device 2300, including instructions stored in the memory
2312 or on the storage device 2314 to display graphical information for a GUI on an
external input/output device, such as a display 2324 coupled to the high-speed interface
2316. In other implementations, multiple processors and/or multiple buses may be used,
as appropriate, along with multiple memories and types of memory. Also, multiple
computing devices may be connected, with each device providing portions of the
necessary operations (e.g., as a server bank, a group of blade servers, or a multi-

processor system).

[00215] The memory 2312 stores information within the computing device 2300. In some
implementations, the memory 2312 is a volatile memory unit or units. In some
implementations, the memory 2312 is a non-volatile memory unit or units. The memory
2312 may also be another form of computer-readable medium, such as a magnetic or
optical disk.

45

LINKPLAY EXHIBIT 1004
Page 1388 of 4822



WO 2014/149533 PCT/US2014/019346

[00216] The storage device 2314 is capable of providing mass storage for the computing
device 2300. In some implementations, the storage device 2314 may be or contain a
computer-readable medium, such as a floppy disk device, a hard disk device, an optical
disk device, or a tape device, a flash memory or other similar solid state memory device, or
an array of devices, including devices in a storage area network or other configurations.
Instructions can be stored in an information carrier. The instructions, when executed by
one or more processing devices (for example, processor 2310), perform one or more
processes, such as those described above (e.g., with reference to FIGS. 2, 3, 5, 6, 14B).
The instructions can also be stored by one or more storage devices such as computer-
readable mediums (for example, the memory 2312, the storage device 2314, or memory on
the processor 2310). The storage device 2314 may provide storage for a database 2324.
The database can be used to store audio system account information.

[00217] The high-speed interface 2316 manages bandwidth-intensive operations for the
computing device 2300, while the low-speed interface 2320 manages lower bandwidth-
intensive operations. Such allocation of functions is an example only. In some
implementations, the high-speed interface 2316 is coupled to the memory 2312, the display
2322 (e.g., through a graphics processor or accelerator), and to the high-speed expansion
ports 2318, which may accept various expansion cards (not shown). In the
implementation, the low-speed interface 2320 is coupled to the storage device 2314 and
the low-speed expansion port 2322. The low-speed expansion port 2322, which may
include various communication ports (e.g., USB, Bluetooth, Ethernet, wireless Ethernet)
may be coupled to one or more input/output devices, such as a keyboard, a pointing
device, a scanner, or a networking device such as a switch or router, e.g., through a
network adapter.

[00218] The computing device 2300 may be implemented in a number of different forms,
as shown in the figure. For example, it may be implemented as a standard server 2330, or
multiple times in a group of such servers 2332. It may also be implemented as part of a

rack server system.
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[00219] Implementations of the systems and methods described above comprise
computer components and computer-implemented steps that will be apparent to those
skilled in the art. For example, it should be understood by one of skill in the art that the
computer-implemented steps may be stored as computer-executable instructions on a
computer-readable medium such as, for example, floppy disks, hard disks, optical disks,
Flash ROMS, nonvolatile ROM, and RAM. Furthermore, it should be understood by one of
skill in the art that the computer-executable instructions may be executed on a variety of
processors such as, for example, microprocessors, digital signal processors, gate arrays,
etc. In addition, the instructions may be implemented in a high-level procedural and/or
object-oriented programming language, and/or in assembly/machine language. For ease
of exposition, not every step or element of the systems and methods described above is
described herein as part of a computer system, but those skilled in the art will recognize
that each step or element may have a corresponding computer system or software
component. Such computer system and/or software components are therefore enabled by
describing their corresponding steps or elements (that is, their functionality), and are within
the scope of the disclosure.

[00220] A number of implementations have been described. Nevertheless, it will be
understood that additional modifications may be made without departing from the scope of
the inventive concepts described herein, and, accordingly, other implementations are within

the scope of the following claims.
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What is claimed is:

1. A method for managing presets in an audio system, the method comprising:

syncing preset assignments on a plurality of audio playback devices such that
preset assignments on any one of the audio playback devices correspond to respective
preset assignments on each of the other audio playback devices, and, such that, if one of
the preset assignments is changed on one of the audio playback devices, each of the other
audio playback devices is automatically updated such that a corresponding change is
made to a corresponding preset assignment on each of the other audio playback devices,

wherein each of the preset assignments is an assignment of an entity associated
with one of a plurality of digital audio sources to one of a plurality of preset indicators on

the corresponding one of the audio playback devices.

2. The method of claim 1, wherein the step of syncing preset assignments on a
plurality of audio playback devices comprises:

receiving information from a first audio playback device of the audio system
regarding a change to one or more of a plurality of preset assignments;

updating stored preset data based on the information received from the first
audio playback device; and

providing update information to one or more other audio playback devices of the
audio system such that the one or more other audio playback devices update their

respective preset assignments to correspond to those of the first audio playback device.

3. The method of claim 2, wherein the step of updating stored preset data

comprises updating preset data stored on a remote server.
4. The method of claim 2, wherein the step of updating stored preset data

comprises replacing a first set of preset assignments with a second, updated set of preset

assignments.
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5. The method of claim 1, further comprising receiving user input regarding the
assignment of an entity associated with one of the digital audio sources to one of the
preset indicators on a first one of the audio playback devices.

6. The method of claim 5, wherein the user input corresponds to actuation of a
hardware button on a first one of the audio playback devices.

7. The method of claim 5, wherein the user input is received via a controller

connected to the first one of the audio playback devices via a network connection.

8. The method of claim 1, wherein the assignable entities include at least (i)
user-defined playlists of digital music and (ii) Internet radio stations.

9. The method of claim 1, wherein the digital audio sources include a plurality of
Internet radio sites, and the entities include individual radio stations provided by the
Internet radio sites.

10. The method of claim 1, wherein the preset indicators provide access to their
respectively assigned entities in the same manner irrespective of the associated digital

audio source.

11. The method of claim 10, wherein the preset indicators provide for single

press access to the respectively assigned entities, irrespective of the digital audio source.

12. An audio system server comprising:

a processor; and

instructions stored on a computer-readable media that, when executed, cause
the processor to:

receive information from a first audio playback device of an audio system
regarding a change to one or more of a plurality of preset assignments, each of the preset
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assignments representing an assignment of an entity associated with one of a plurality of
digital audio sources to a corresponding preset indicator;

update stored preset data based on the information received from the first
device; and to

provide update information to one or more other audio playback devices of the
audio system such that each of the one or more other audio playback devices update their
respective preset assignments to correspond to those of the first audio playback device.

13. The audio system server of claim 12, wherein the audio system server is a
cloud-based server.

14. The audio system server of claim 12, wherein the instructions, when
executed, cause the processor to provide the update information to the one or more other
audio playback devices in response to communication received from the one or more other

audio playback devices requesting the update information.

15. The audio system server of claim 12, wherein the update information is an

updated list of preset assignments.

16. The audio system server of claim 12, wherein the instructions, when
executed, cause the processor to:

maintain a global recents list, wherein the global recents list is a list of entities
that is populated from content that the user has chosen to play on one or more of the audio
playback devices.

17. The audio system server of claim 16, wherein the instructions, when
executed, cause the processor to:

receive information from a first audio playback device of an audio system
regarding selection of a first entity for providing streamed music;
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update stored recent data based on the information received from the first
device; and to

provide updated recents information to one or more other audio playback
devices of the audio system such that each of the one or more other audio playback
devices updates a locally stored recents list to correspond to a recents list stored on the
first audio playback device.

18. The audio system server of claim 12, wherein the instructions, when
executed, cause the processor to:

receive a copy of a token from a first audio playback device of an audio system,
wherein the token is a unique identifier that a corresponding one of the digital audio
sources recognizes and associates with a user account, thereby to provide access to the
user account;

store the copy of the token within the audio system server; and to

provide copies of the token other audio playback devices of the audio system
such that the corresponding one of the digital audio sources can recognize the other audio

playback devices as being associated with the user account.

19. An audio system comprising:

i) a plurality of audio playback devices, each audio playback device being
configured to operatively connect to a plurality of digital audio sources for playback of
content from the digital audio sources and each of the audio playback devices comprising:

a set of preset indicators, wherein each preset indicator in the set of preset
indicators is configured to have assigned to it an entity associated with one of the plurality
of digital audio sources; and

ii) a remote server configured to:

receive information from one of the audio playback devices regarding changes to
preset assignments, each of the preset assignments representing an assignment of an
entity associated with one of the digital audio sources to a corresponding one of the preset
indicators;
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update a stored set of global preset assignments based on the information
received; and to

distribute update information to the other ones of the audio playback devices
regarding changes to the global preset assignments,

wherein the other ones of the audio playback devices are configured to update
their respective preset assignments based on the update information distributed from the
remote server such that, following the update, all of the audio playback devices of the
plurality of audio playback devices have the same preset assignments.

20. The audio system of claim 19, wherein the information received from the one
of the audio playback devices is an updated set of global preset assignments.

21. The audio system of claim 19, wherein the remote server is configured to
update the stored set of global preset assignments by replacing the stored set of global
preset assignments with the updated set of global preset assignments.

22. The audio system of claim 19, wherein the remote server is configured to
distribute the update information to the other ones of the audio playback devices in
response to requests for update information received from the other ones of the audio
playback devices.

23. The audio system of claim 19, wherein the assignable entities include at
least individual Internet radio stations and particular user-defined playlists of digital music
files.

24. The audio system of claim 19, wherein the set of preset indicators comprise

hardware buttons.

25. The audio system of claim 19, wherein the preset indicators include

numerical identifiers.
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26. The audio system of claim 19, wherein the digital audio sources include a
plurality of Internet radio sites, and the entities include individual radio stations provided by

the Internet radio sites.

27. The audio system of claim 19, wherein the preset indicators provide access
to their respectively assigned entities in the same manner irrespective of the associated

digital audio source.

28. The audio system of claim 19, wherein the preset indicators provide for
single press access to the respectively assigned entities, irrespective of the digital audio

source.

29. An audio playback device configured to operably connect to a plurality of
digital audio sources, the audio playback device comprising:

a digital-to-analog converter configured to receive a digital representation of
content from the digital audio sources and convert to analog form;

an electro-acoustic transducer;

a set of user-selectable preset indicators, wherein each indicator in the set of
preset indicators is configured to have assigned to it an entity associated with the plurality
of digital audio sources;

a processor; and

instructions stored on a computer-readable media that, when executed, cause
the processor to:

update one or more preset assignments based on user input, each of the
preset assignments representing an assignment of an entity associated with one of
the digital audio sources to a corresponding one of the preset indicators; and to
send information regarding the update to the one or more preset

assignments to a remote server.
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30. The audio playback device of claim 29, further comprising an enclosure,
wherein the digital-to-analog converter and the electro-acoustic transducer are located
within the enclosure and the set of user-selectable present indicators is located on the

enclosure.

31. The audio playback device of claim 29, wherein the digital audio sources
comprise at least (i) one or more libraries of user-defined playlists of digital music files and
(ii) Internet radio sites.

32. The audio playback device of claim 31, wherein the assignable entities
include at least individual Internet radio stations and particular user-defined playlists of
digital music files.

33. The audio playback device of claim 29, wherein the set of preset indicators
comprise hardware buttons.

34. The audio playback device of claim 29, wherein the preset indicators include

numerical identifiers.

35. The audio playback device of claim 29, wherein the digital audio sources
include a plurality of Internet radio sites, and the entities include individual radio stations

provided by the Internet radio sites.

36. The audio playback device of cl aim 29, wherein the preset indicators
provide access to the respectively assigned entities in the same manner irrespective of the
associated digital audio source.

37. The audio playback device of claim 36, wherein the preset indicators provide
for single press access to the respectively assigned entities irrespective of the digital audio

source.
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38. The audio playback device of claim 29, wherein the instructions, when
executed, cause the processor to:
notify one or more other audio playback devices within an audio system

regarding the update to the one or more preset assignments.

39. The audio playback device of claim 29, wherein the instructions, when
executed, cause the processor to:

receive notification from an other audio playback device within an audio system
regarding changes to preset assignments on the other audio playback device;

and, in response to receiving the notification regarding changes to the preset
assignments on the other audio playback device, to contact a remote server for the audio
system to request update information; and to

update one or more preset assignments on the audio playback device based on
the update information received from the remote server such that preset assignments on
the audio playback devices correspond to respective preset assignments on the other

audio playback device.

40. An audio playback device configured to operably connect to a plurality of
digital audio sources, the audio playback device comprising:

a digital-to-analog converter configured to receive a digital representation of
content from the digital audio sources and convert to analog form;

an electro-acoustic transducer;

a set of user-selectable preset indicators, wherein each indicator in the set of
preset indicators is configured to have assigned to it an entity associated with the plurality
of digital audio sources; and

a processor; and

instructions stored on a computer-readable media that, when executed,

cause the processor to:
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update one or more preset assignments based on user input, each of the
preset assignments representing an assignment of an entity associated with one of
the digital audio sources to a corresponding one of the preset indicators; and to

notify one or more other audio playback devices within an audio system

regarding the update to the one or more preset assignments.

41. The audio playback device of claim 40, further comprising an enclosure,
wherein the digital-to-analog converter and the electro-acoustic transducer are located
within the enclosure and the set of user-selectable present indicators is located on the
enclosure.

42. The audio playback device of claim 40, wherein the digital audio sources
comprise at least (i) one or more libraries of user-defined playlists of digital music files and
(ii) Internet radio sites.

43. The audio playback device of claim 40, wherein the assignable entities
include at least individual Internet radio stations and particular user-defined playlists of
digital music files.

44. The audio playback device of claim 40, wherein the set of preset indicators
comprise hardware buttons.

45. The audio playback device of claim 40, wherein the preset indicators include
numerical identifiers.

46. The audio playback device of claim 40, wherein the digital audio sources

include a plurality of Internet radio sites, and the entities include individual radio stations
provided by the Internet radio sites.
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47. The audio playback device of claim 40, wherein the preset indicators provide
access to the respectively assigned entities in the same manner irrespective of the
associated digital audio source.

48. The audio playback device of claim 47, wherein the preset indicators provide
for single press access to the respectively assigned entities irrespective of the digital audio

source.

49. The audio playback device of claim 40, wherein the instructions, when
executed, cause the processor to:

receive notification from an other audio playback device within an audio system
regarding changes to preset assignments on the other audio playback device;

and, in response to receiving the notification regarding changes to the preset
assignments on the other audio playback device, to contact a remote server for the audio
system to request update information; and to

update one or more preset assignments on the audio playback device based on
the update information received from the remote server such that preset assignments on
the audio playback devices correspond to respective preset assignments on the other

audio playback device.

50. An audio playback device configured to operably connect to a plurality of
digital audio sources, the audio playback device comprising:

a digital-to-analog converter configured to receive a digital representation of
content from the digital audio sources and convert to analog form;

an electro-acoustic transducer;

a set of user-selectable preset indicators, wherein each indicator in the set of
preset indicators is configured to have assigned to it an entity associated with the plurality
of digital audio sources;

a processor; and
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instructions stored on a computer-readable media that, when executed, cause
the processor to:

receive notification from an other audio playback device within an audio
system regarding changes to preset assignments on the other audio playback
device;

and, in response to receiving the notification regarding changes to the
preset assignments on the other audio playback device, to contact a remote server
for the audio system to request update information; and to

update one or more preset assignments on the audio playback device
based on the update information received from the remote server such that preset
assignments on the audio playback devices correspond to respective preset
assignments on the other audio playback device, each of the preset assignments
representing an assignment of an entity associated with one of the digital music

sources to a corresponding one of the preset indicators.

51. The audio playback device of claim 50, further comprising an enclosure,
wherein the digital-to-analog converter and the electro-acoustic transducer are located
within the enclosure and the set of user-selectable present indicators is located on the

enclosure.

52. The audio playback device of claim 50, wherein the digital audio sources
comprising at least (i) one or more libraries of user-defined playlists of digital music files

and (ii) Internet radio sites.

53. The audio playback device of claim 50, wherein the assignable entities
include at least individual Internet radio stations and particular user-defined playlists of

digital music files.

54. The audio playback device of claim 50, wherein the set of preset indicators
comprise hardware buttons.
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55. The audio playback device of claim 50, wherein the preset indicators include

numerical identifiers.

56. The audio playback device of claim 50, wherein the digital audio sources
include a plurality of Internet radio sites, and the entities include individual radio stations
provided by the Internet radio sites.

57. The audio playback device of claim 50, wherein the preset indicators provide
access to the respectively assigned entities in the same manner irrespective of the
associated digital audio source.

58. The audio playback device of claim 57, wherein the preset indicators provide
for single press access to the respectively assigned entities irrespective of the digital audio

source.

59. An audio system comprising:

i) a plurality of audio playback devices, each audio playback device being
configured to operatively connect to a plurality of digital audio sources for playback of
content from the digital audio sources and each of the audio playback devices comprising:

a set of preset indicators, wherein each preset indicator in the set of preset
indicators is configured to have assigned to it an entity associated with one of the plurality
of digital audio sources; and

ii) a software program configured to run on a separate device, wherein the
software program provides a user interface configured to present an audio playback device
selection region that enables user to select one of the audio playback devices to control
with the separate computer,

wherein the user interface is further configured to present a set of preset
indicators that corresponds to the set of preset indicators of the selected one of the audio
playback devices, and to
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present a source selection region that enables a user to select an entity to assign
to one of the preset indicators of the selected one of the audio playback devices.

60. The audio system of claim 59, wherein the source selection region also
enables a user to select an entity to provide audio content to the selected one of the audio
playback devices for playback of the audio content.

61. The audio system of claim 59, wherein the user interface is further
configured to present a global recents list, wherein the global recents list is a list of entities
that is populated from audio content that the user has chosen to play on one or more of the
audio playback devices.

62. The audio system of claim 59, wherein the software program includes
instructions to procure the global recents list from data stored on the selected one of the
audio playback devices.

63. The audio system of claim 59, wherein the user interface is further
configured to enable a user to select whether the preset assignments are to be global or
local,

wherein global preset assignments are synchronized across the plurality of
audio playback devices such that preset assignments on any one of the audio playback
devices correspond to respective preset assignments on each of the other audio playback
devices, and, such that, if one of the preset assignments is changed on one of the audio
playback devices, each of the other audio playback devices is updated such that a
corresponding change is made to a corresponding preset assignment on each of the other
audio playback devices, and

wherein local preset assignments are device-specific such that each of the audio
playback devices can have a unique set of preset assignments and such that the preset
assignments on any one of the audio playback devices do not necessarily correspond to
the preset assignments on any of the other audio playback devices.
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64. A computer-implemented method comprising:

storing a set of local preset assignments for each of a plurality of audio playback
devices of an audio system, wherein the local preset assignments are device-specific such
that the local preset assignments for any one of the audio playback devices do not
necessarily correspond to the local preset assignments for any of the other audio playback
devices;

receiving input regarding a change from a local setting to a global setting;

receiving input regarding selection of one of the audio playback devices to serve
as a master audio playback device;

setting the set of stored local preset assignments associated with the selected,
master audio playback device as a set of global preset assignments; and

providing the global preset assignments to the other playback devices of the
audio system so as to synchronize the preset assignments across the audio system, such
that preset assignments on any one of the audio playback devices correspond to
respective preset assignments on each of the other audio playback devices.
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(57) A remote-controlled audio system comprises sets of loudspeakers (14A-14D) connected to power amplifier units
(22A - 22D) in an audio distribution unit (10) to which several audio sources, such as a compact disc unit, a tape deck,
ele., are connecled. Remole unils (34) are provided, one in each zone with a set ol loudspeakers. The loudspeakers and
the remote unit are connected to the audio distribution unit by four wires whereby audio and data signals and power are
transmitted to the loudspeakers and the remote unit, respectively. Each power amplifier unit mayv have a pair of power
amplifiers, each connected o one of the loudspeakers in the sel, referenced Lo a [irst ground (1) and a second ground
(2), respectively. The second ground (2) 1s maintained at a prescribed voltage relative to the first ground. The remote
unit (34A) 1s connected between the "ground” terminals of the two loudspeakers of the set, i.e. those connected via the
speaker cables 0 the [irst and second grounds in the audio distribution unil. The remole unil has 4 transmiller unit
which transmits control signals to the audio distribution unit via the "ground" cables. In the audio distribution unit, an
mterface circuit connected between the grounds conveys the control signals to a control device which adjusts the
settings of the audio distribution unit in dependence thereupon. The remole unils may receive power [rom the audio
distribution unit via the transmission channel to supply their internal components.
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ABSTRACT OF THE DISCLOSURE

A remote-controlled audio system comprises sets of loudspeakers (14A -

14D) connected to power amplifier units (22A - 22D) in an audio distribution
unit {10) to which several audio sources, such as a compact disc unit, a tape
deck, etc., are connected. Remote units (34) are provided, one in each zone
with a set of loudspeakers. The loudspeakers and the remote unit are
connected to the audio distribution unit by four wires whereby audio and data
signals and power are transmitted to the loudspeakers and the remote unit,
respectively. Each power amplifier unit may have a pair of power amplifiers,
each connected to one of the loudspeakers in the set, referenced to a first
ground (1) and a second ground (2), respectively. The second ground (2) is
maintained at a prescribed voltage relative to the first ground. The remote unit
(34A) is connected between the "ground” terminals of the two loudspeakers
of the set, i.e. those connected via the speaker cables to the first and second
grounds in the audio distribution unit. The remote unit has a transmitter unit
which transmits control signals to the audio distribution unit via the "ground"
cables. In the audio distribution unit, an interface circuit connected between
the grounds conveys the control signals to a control device which adjusts the
settings of the audio distribution unit in dependence thereupon. The remote
units may receive power from the audio distribution unit via the transmission

channel to supply their internal components.
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TRANSMISSION OF POWER AND/OR SIGNALLING BETWEEN AN AUDIO
DISTRIBUTION UNIT AND A PLURALITY OF REMOTE AUDIO TRANSDUCERS
BACKGROUND OF THE INVENTION

TECHNICAL FIELD

The invention relates to the transmission of power and/or
signalling between an audio distribution unit and a plurality of remote audio
transducers and is especially applicable to multi-zone audio systems or
entertainment centres comprising an audio distribution unit for driving several

sets of loudspeakers in different zones, such as different rooms of a house.

BACKGROUND ART

A multi-zone audio/entertainment system may have a plurality of
loudspeaker sets, each set located in a different zone, such as a room of a
house or other building. Typically, such a system comprises an audio
distribution unit having inputs for audio signals from several sources (tuner, CD
player, tape player, etc.), output ports for connection to the sets of
loudspeakers, and a switching matrix for connecting the sources to respective
ones of the loudspeaker sets. Some known systems provide local control of
volume by means of an autotransformer, but these are susceptible to distortion,
heating and poor frequency response. It is desirable for the user to be able to
control settings of the audio distribution unit from the zones where the
loudspeakers are located.

It is known to provide remote control of audio source selection, volume
and tone control, balance adjustment, and so on, by means of keypad units,
one for each zone. Each keypad unit communicates with a microcontroller in
the audio distribution unit to provide control of most of its functions. A
disadvantage of such systems is that each keypad unit is connected to the
audio distribution unit by a muiti-conductor cable which comprises some
conductors for exchanging control signals between the remote keypad unit and
the audio distribution unit, and others for supplying power from the audio
distribution unit to the remote keypad unit. It is expensive to provide such

multi-conductor cabling for every keypad, and such expense is especially
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unacceptable when adding remote control to an existing multi-zone loudspeaker
system, which usually would require installation of multi-conductor cables in
addition to existing two-conductor loudspeaker cables.

It is also known to use wireless communication links between remote
control units and an audio distribution unit. Disadvantageously, however, the
radio frequency circuitry is relatively expensive and susceptible to interference,
and the remote control unit requires a local power supply. Also, speaker drive
conductors would usually still be required unless the audio drive also used
wireless links. The latter systems either are expensive or deliver poor quality

results.

SUMMARY OF THE INVENTION

The present invention seeks to eliminate, or at least mitigate, the
disadvantages of these known remote control systems.

According to one aspect of the present invention, there is provided
apparatus comprising an audio distribution unit (10) having means (11) for
providing audio signals from audio sources and output ports {12A...12D) for
supplying sets of audio transducers, each said set comprising at least a first
audio transducer (14A(L)) and a second audio transducer {(14A{R)) and having
associated therewith at least one remote unit {34A), the first and second audio
transducers (14A(L), 14A(R)) and the remote unit (34A) being connected to the
audio distribution unit (10} by a set of four conductors, the apparatus further
comprising means (22A...22D,44,76,80-96) for supplying audio signals to the
audio transducers (14A(L),14A(R)) and transferring at least one of power and
data signals between said audio distribution unit (10) and said remote unit
(34A), all by way of the four conductors.

In one embodiment of this first aspect, the audio distribution unit (10)
comprises first and second power amplifiers (24A(L},24A(R)), a first conductor
(26A(L1)) connects one terminal of each of said first and second audio
transducers (14A(L),14A(R)) and one terminal of the remote unit (34A) to a
ground terminal of the audio distribution unit {10), a second (26A(L2)) of the
conductors connects a drive-signal terminal of said first audio transducer

(14A(L)) to a corresponding output terminal (30A(L})} of said first power
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amplifier (24A(L)}, a third conductor {26A(R1)’) connects a second terminal of
the remote unit (34A) to an interface unit (44) of the audio distribution unit
(10}, and a fourth conductor (26A(R2)) connects a drive-signal terminal of said
second audio transducer (14A(R)) to a corresponding output terminal (30A(R))
of said second power amplifier (24A(R)), the audio signals being supplied by
way of the first, second and fourth conductors and the at least one of power
and data signals being transferred by way of the first and third conductors.

In another embodiment of the first aspect, the audio distribution unit (1 0)
comprises first and second power amplifiers (24A(L),24A(R}) each connected
to a respective one of two grounds (1,2) that are separated electrically from
each other, a first conductor (26A(L1)) connects one drive-signal terminal of
the first audio transducer (14A(L)) to a ground terminal of the first power
amplifier (24A(L)}, a second conductor (26A(L2}) connects the other drive-
signal terminal of the first audio transducer (14A(L}} to an output terminal
(30A(L)) of the first power amplifier (24A(L)), a third conductor {26A(R1))
connects one terminal of the second audio transducer {(14A(R)) to a ground
terminal of the second power amplifier (24A(R)), and a fourth conductor
{26A(R2)) connects the other drive-signal terminal of the second audio
transducer (14A(R)) to a corresponding output terminal (30A{R)) of the second
power amplifier (24A(R}}, the audio signals being supplied to the first audio
transducer (14A(L})) by way of the first and second conductors, and to the
second audio transducer (14A(R)} by way of the third and fourth conductors,
and said at least one of power and data signals being transferred by way of the
first (26A(L1)) and third {(26A(R1)) conductors.

According to a second aspect of the invention, there is provided
apparatus comprising an audio distribution unit having input means for audio
signals from audio sources and output ports connected to at least one set of
audio transducers. The set of audio transducers comprises at least a first audio
transducer and a second audio transducer connected to a respective set of said
output ports by a set of conductors comprising first, second, third and fourth
conductors. The apparatus further comprises at least one remote unit
associated with the set of audio transducers. The audio distribution unit has

a first ground and a separate second ground. The first conductor and the

LINKPLAY EXHIBIT 1004
Page 1449 of 4822



10

15

20

25

30

CA 02320451 2000-09-22

4

second conductor connect respective drive-signal terminals of the first audio
transducer to the first ground and a line terminal of a first of the set of output
ports, respectively, of the audio distribution unit. The third conductor and the
fourth conductor connect respective drive signal terminals of the second audio
transducer to the second ground and a line terminal of a second of the set of
output ports, respectively, of the audio distribution unit. The remote unit is
connected to the first ground and the second ground. The apparatus further
comprises transferring means for transferring at least one of power and data
signals between the audio distribution unit and the remote unit by way of a
transmission path including the first ground and second ground.

Preferably, the or each remote unit is connected to the first ground and
the second ground by the first conductor and third conductor, respectively.

The transferring means may comprise means for maintaining a potential
difference between the first and second grounds, and the remote unit then may
comprise a power extraction circuit connected to the first ground and secaond
ground for extracting power for operation of components of the remote unit.

The apparatus may comprise a plurality of such sets of audio transducers
connected by a corresponding plurality of sets of conductors and having a
carresponding plurality of associated remote units. Each remote unit may then
be connected to the first ground and second ground in the audio distribution
unit by conductors of the same set of conductors that connect the associated
audio transducers to the audio distribution unit. Alternatively, one or more of
the remote units may be connected to the audio distribution unit by at least
one of the conductors of a set connecting a different set of audio transducers
to the audio distribution unit, i.e. not the set of audio transducers with which
that remote unit is associated.

Where the apparatus comprises a plurality of audio transducer sets, the
transferring means may include means at each remote unit for including an
identifier in its transmitted data signals and means at the audio distribution unit
for detecting the identifier and identifying therefrom the corresponding remote
unit.

The or each remote unit may comprise modulator means for providing

signals modulated in dependence upon data input thereto, and the audio
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distribution unit then may have a corresponding demodulator means connected
between the grounded conductors for detecting and demodulating such
modulated signals. The audio distribution unit then may comprise cantrol
means, such as a microcomputer, responsive to the demodulated signais for
controlling operation of the audio distribution unit.

The audio distribution unit also may have modulation means for
transmitting onto the transmission path signals modulated according to data
signals received from components of, or attached to, the audio distribution
unit. The remote unit then may have a corresponding demodulator for
detecting and demodulating such signals received via the transmission path
from the audio distribution unit.

The remote unit and audio distribution unit may employ any suitable
bandpass data transmission scheme, such as Frequency Shift Keying or
Amplitude Shift Keying, for communicating said signals.

Preferably, the audio distribution unit comprises a preamplifier unit and
an audio power amplifier unit for supplying audio signals from the preamplifier
unit to the set of audio transducers, the audio power amplifier unit comprising
first and second power amplifiers coupled to the first and second audio
transducers, respectively, and having their ground terminals coupled to the first
and second grounds, respectively. The first power amplifier then has its input
connected directly to a corresponding first audio output port of the preamplifier
unit and the second power amplifier has its input coupled to the corresponding
second audio output port of the preamplifier unit by way of a coupling device
arranged to permit a patential difference between the ground terminals of the
second power amplifier and the preamplifier unit, respectively.

In one preferred embodiment, the first power amplifier has a ground
terminal and an output terminal connected by said first and second conductors,
respectively, to said one of the two audio transducers, the ground terminal
being connected to said first ground, and an input terminal connected to a first
audio output port of the preamplifier unit. The second power amplifier has a
ground terminal and an output terminal connected by said third and fourth
conductors, respectively, to said other of the two audio transducers, and an

input terminal connected to an output of the coupling device, the coupling
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device having its input connected to the second audio output port of the
preamplifier unit, and the second power amplifier ground terminal being
connected to said second ground.

The audio distribution unit may have a third ground separate from both
the first ground and the second ground, the set of output ports comprise a third
output port, the one set of audio transducers comprise a third audio transducer
and the set of conductors further comprise a fifth conductor and a sixth
conductor connecting drive terminals of the third audio transducer to ground
and line terminals, respectively, of the third output port. The remote unit then
may be connected also to the third ground, and the transferring means be
connected to the reference, second and third grounds for transference of power
to the remote unit via one pair of the three grounds and transference of the
data signals via a different pair of the three grounds. Alternatively, signalling
might be transferred via either or both of the channels.

The apparatus may comprise a second set of audio transducers
connected to a corresponding second set of output ports of the audio
distribution unit by a second set of first, second, third and fourth conductors
and the audio distribution unit have a third ground separate from both the first
ground and second ground, with a first audio transducer of the second set
connected to the first ground and a second audio transducer of the second set
connected to the third ground, a second remote unit being associated with the
second set of audio transducers and connected to the audio distribution unit
by a transmission path, canveniently different from the first transmission path.
The transferring means then may be coupled to the third ground for
transmission of either or both of power and signalling between the audio
distribution unit and the second remote unit connected to the third ground and
first ground.

Each remote unit may be connected to conductors connecting to the
audio distribution unit the set of audio transducers with which it is co-located:
or connected to conductors connecting a different set of audio transducers.
In either case, signals to and from the remote unit will include an identifier

identifying the location of the remote unit.
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The apparatus may be provided with an intercom feature, whether the
remote unit is connected to the audio distribution unit by a multiconductor
cable or via the loudspeaker conductors. Thus, the remote unit may comprise
voice circuitry for producing voice signals in response to a microphaone and
transmitting the voice signals to the audio distribution unit via the two grounds
and means for adding to the signals at least one address of a remote unit, the
audio distribution unit comprising means for detecting the voice signals and
applying the detected voice signals to an input of the audio distribution unit,
the audio distribution means comprising means for detecting the address and,
in dependence thereon, directing the voice signals to one or more audio
transducer sets other than that fram which the voice signals originated.

According to a third aspect of the invention, there is provided apparatus
comprising an audio distribution unit and a plurality of sets each of at least one
audio transducer connected by a signal transmission path to the audio
distribution unit, at least one of the sets of at least one audio transducer being
remote from the audio distribution unit and having a remote unit associated
therewith, the remote unit comprising voice circuitry for transmitting voice
signals from a microphone via a transmission channel interconnecting the
remote unit and the audio distribution unit, and means for adding to the signals
at least one address corresponding to one of the sets of audio transducers, and
the audio distribution unit comprises means for extracting the voice signals
from the transmission channel and applying the extracted voice signals to an
input of the audio distribution unit, and means for detecting the address and,
in dependence thereon, directing the voice signals to one or more audio
transducer sets other than that from which the voice signals originated.

The transmission channel may comprise conductors connected to the
audio transducers, ar separate conductors.

The audio distribution unit may have separate grounds, and the
transmission channels be coupled between those grounds.

According to a fourth aspect of the invention, there is provided
apparatus comprising an audio distribution unit having means for providing
audio signals from at least one audio source controllable by infrared control

signals, at least one audio transducer at a location remote from the audio
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distribution unit and connected thereto by a signal transmission path, and a
remote unit associated with the audio transducer and connected thereto by a
transmission channel, the apparatus further comprising an infrared transmitter
for transmitting said infrared control signals for controlling said audio source,
and wherein the remote unit comprises a receiver for receiving, from an infrared
remote control device, infrared signals corresponding to said infrared control
signals, generating in response thereto corresponding source control signals,
and transmitting the source control signals to the audio distribution unit by way
said transmission channel, the audio distribution unit having means for
detecting said source control signals and controlling the infrared transmitter in
dependence thereupon to generate said infrared control signals.

In embodiments of any of these aspects of the invention, the audio
distribution unit and the audio transducers may be supplied separately. Hence,
according to a fifth aspect of the invention, there is provided an audio
distribution unit for use as part of the apparatus of the first aspect, and having
means for providing audio signals from audio sources, a first ground, a separate
second ground, at least one set of output ports each having a line terminal and
a ground terminal, such set of output ports including a first output port and a
second output port having their respective ground terminals connected to the
first ground and second ground, respectively, for connection to a first and a
second of a corresponding set of audio transducers, and means for transferring
by way of said first ground and said second ground, and said first and second
output ports, at least one of power and data signals between said audio
distribution unit and a remote unit associated with said set of audio
transducers.

According to a sixth aspect of the invention, there is provided an audio
distribution unit for use as part of apparatus according to the second aspect,
namely with a piurality of sets each of at least one audio transducer connected
by a signal transmission path to the audio distribution unit, at least one of the
sets of at least ane audio transducer being remote from the audio distribution
unit and having a remote unit associated therewith, the remote unit comprising
voice circuitry (102) for transmitting voice signals from a microphone via a

transmission channel interconnecting the remote unit and the audio distribution
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unit, and means for adding to the signals at least one address corresponding
to one of the sets of audio transducers, said audio distribution unit comprising
means for extracting the voice signals from the transmission channel, and
means for detecting the address and, in dependence thereon, directing the
voice signals to one or more audio transducer sets other than that from which
the voice signals originated.

According to a seventh aspect of the invention, there is provided an
audio distribution unit having means for providing audio signals from at least
one audio source controllable by infrared control signals and configured for use
with at least one audio transducer at a location remote from the audio
distribution unit and connected thereto by a signal transmission path, and a
remote unit associated with the audio transducer and connected thereto by a
transmission channel, the remote unit comprising a receiver for receiving, from
an infrared remote control device, infrared signals corresponding to said infrared
control signals, generating in response thereto corresponding saource control
signals, and transmitting the source control signals to the audio distribution unit
by way said transmission channel, the audio distribution unit having an infrared
transmitter for transmitting said infrared control signals for controlling said
audio source, and means for detecting said source control signals and
controlling the infrared transmitter in dependence thereupon to generate said
infrared control signals.

Various other objects, features, aspects and advantages of the present
invention will become more apparent from the following detailed description,
taken in conjunction with the accompanying drawings, of preferred

embodiments of the invention, which are described by way of example only.

BRIEF DESCRIPTION OF DRAWINGS:

Figure 1 is a schematic diagram of an audio system comprising an audio
distribution unit and several sets of loudspeakers, each set located in a
different zone and having an associated remote unit:

Figure 2 is a more detailed block schematic diagram of a line interface
unit of the audio distribution unit; and

Figure 3 is a more detailed block schematic diagram of the remote unit;
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Figure 4 is a schematic circuit diagram of a power extraction circuit of
the remote unit;

Figure 5 is a schematic circuit diagram of a microphone and a
microphone interface of a first modification;

Figure 6 illustrates an alternative coupling device for coupling audio
signals in the audio distribution unit;

Figure 7 illustrates modifications to parts of the audio system of Figure
1 to provide different grounds for different sets of loudspeakers;

Figure 8 illustrates a madification which uses three grounds to provide
two transmission channels to a set of three loudspeakers, one channel for
transmitting power and the other for signalling;

Figure 9 illustrates a modified interface unit for the modified apparatus
of Figure 8;

Figure 10 illustrates modifications to a remote unit for use with the
modified apparatus of Figure 8; and

Figure 11 illustrates a further embodiment of the invention in which two
speakers and a remote control in a zone are connected to the audio unit by four

conductors, one being a common ground conductor.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Figure 1, a multi-zone audio system comprises an audio
distribution unit 10 which has several stereo inputs. Figure 1 shows inputs 11
for a compact disc player (CD), a radio tuner (TUNER} and a tape unit {TAPE),
and an auxiliary input (AUX). Usually, there would be additional inputs for
other sources, such as a video cassette recorder, digital video disc player (DVD)
and so on. The audio distribution unit 10 has four sets of outport ports 12A,
12B, 12C and 12D connected to four sets of audio transducers, specifically
loudspeakers, located in four zones A, B, C and D, respectively. Each set of
the output ports comprises a stereo pair of output ports 12A{L),
12A(R),...12D(L), 12D(R). For clarity, only two sets of loudspeakers, namely
loudspeakers 14A(R) and 14A(L) and 14D(R) and 14D(L) are shown. The
letters (R) and (L) designate RIGHT and LEFT stereo channels, respectively, and

the letters A and D designate the zones in which the sets of loudspeakers are
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located. Although Figure 1 shows only two loudspeakers in each set, it could
comprise more than two loudspeakers, such as might be used in a "surround
sound” or home theater system.

The audio distribution unit 10 comprises a preamplifier unit 16 which
includes the usual preamplifier and a switching matrix allowing some or all of
the inputs 11 to be connected simultaneously to respective sets of the
loudspeakers. The preamplifier unit 16 also has a data input port 18 for
receiving data signals to caontrol operation of the audio distribution unit 10, to
vary, for example, volume, bass, treble and balance, and to operate the
switching matrix to make or alter input/source selections. The construction of
such a preamplifier unit 16 is known to persons skilled in this art, so it will not
be described in detail here.

The audio distribution unit 10 also comprises four identical stereo power
amplifier units (22A...22D), one for each set of loudspeakers, connected to the
four sets of stereo output ports 12A, 12B, 12C and 12D, respectively,

The loudspeakers 14A(L} and 14A(R) have the usual "RED" and
"BLACK" drive signal input terminals, indicating the polarity of the windings so
that the pair of loudspeakers can be connected to the associated power
amplifiers with the same polarity, thereby ensuring proper stereo reproduction.
For convenience of illustration, only two of the stereo power amplifier units,
22A and 22D, are shown, and only one unit, 22A, will be described. Stereo
power amplifier unit 22A comprises two identical audio power amplifiers
24A(L) and 24A(R), connected to loudspeakers 14A(L) and 14A(R),
respectively, by a set of loudspeaker cables comprising first and second
conductors 26A(L1) and 26A(L2) connecting the BLACK and RED terminals of
LEFT loudspeaker 14A(L) to the ground terminal and line terminal 30A(L),
respectively, of amplifier 24A(L) via output port 12A(L) and third and fourth
conductors 26A(R1) and 26A(R2) connecting BLACK and RED terminals of the
RIGHT loudspeaker 14A(R) to the ground terminal and line output terminal
30A(R) respectively, of amplifier 24A(R) via output port 12A(R). LEFT stereo
channel power amplifier 24A(L) has its input connected to LEFT channel line
output terminal 20A(L) of preamplifier unit 16, and its power supply terminals

connected to a first power supply 28 which supplies voltages V,* and V,, with
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amplitude of, say, +35 volts and -35 volts, respectively, relative to a first,
reference ground designated as ground "1". The GROUND terminal of LEFT
power amplifier 24A(L) is connected to first ground "1". The preamplifier unit
16 is shown grounded to ground 1 and supplied with power at + 15 volts,
conveniently derived from power supply 28 by means of a suitable regulator
circuit {(not shown).

The RIGHT channel power amplifier 24A(R) is powered by supply
voltages V2* and V2, also, say, + 35 volts and -35 volts, respectively, derived
from a second power supply 30, which supplies voltages V,* and V, relative
to a second ground designated as ground "2". The GROUND terminal of power
amplifier 24A(R) is connected to second ground "2". Hence, the BLACK
terminais of loudspeaker 14A{L) and 14A(R) are connected to first ground 1
and second ground 2, respectively.

The signal input 21A(L) of power amplifier 24A(L) is connected directly
to the LEFT channel output terminal 20A(L) of the preamplifier unit 16. The
signal input 21A(R) of power amplifier 24A(R), however, is connected to the
corresponding RIGHT channel output terminal 20A(R) of preamplifier unit 16
by way of a coupling device, specifically, a differential amplifier 32A which has
its output terminal connected to the input 21A(R) of RIGHT channel power
amplifier 24A(R), its non-inverting input terminal (+) connected to the RIGHT
channel output terminal 20A(R} of the preamplifier unit 16, and its inverting
input terminal (-) connected to first ground 1. The GROUND terminal of
differential amplifier 32A is connected to second ground 2.

The differential amplifier 32A will maintain the difference between its
output and ground 2 so that it is the same as the difference between its non-
inverting and inverting inputs. The signal applied to the input 21A(R) of power
amplifier 24A(R), relative to first ground 1, will be the sum of the RIGHT
channel audio signal from preamplifier terminal 20A(R) and any voltage
difference between first ground 1 and second ground 2. Because the output
30A(R) of power amplifier 24A(R) is referenced to second ground 2, however,
only the audio signal will appear on the RED and BLACK loudspeaker
conductors 26A(R1) and 26A(R2), as a differential mode signal. Any variations

in the voltage between first ground 1 and second ground 2, however, will
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appear on both conductors 26A(R1) and 26A(R2), i.e. as common mode
signals, and hence will not be "seen" by loudspeaker 14A(R). Accordingly,
grounds 1 and 2 and the two loudspeaker ground (BLACK) conductors
26A(L1) and 26A(R1) may be used as a transmission path or channel for
"common mode" transmission of power and signalling, as will be described
later.

It should be appreciated that the connections between the loudspeaker
cable conductors and the RED and BLACK terminals could be transposed, i.e.
the RED terminals of the loudspeakers 14A(L) and 14A(R) could be connected
to the grounds 1 and 2, instead of the BLACK terminals.

A remote control unit 34A for controlling the loudspeakers in zone A is
connected across the conductors 26A(L1} and 26A(R1) and hence between the
respective BLACK terminals of the loudspeakers 14A(R) and T4A(L).

Power amplifier unit 22D is identical to power amplifier unit 22A and so
will not be described in detail. In Figure 1, its components have the same
reference numbers as the corresponding components in power amplifier 24A,
but with the zone suffix "D".

The system includes means for transferring power and signalling
between the audio distribution unit 10 and the remote unit 34A via the above-
mentioned transmission path. At the audio distribution unit 10, the
transferring means includes a microcontroller 40, with its own 5 volt power
supply 42 referenced to first ground 1, and a line interface unit 44 supplied by
power supply 28 and referenced to first ground 1. The line interface unit 44
is connected to the microcontroller 40 by a first link 46 for data signals (RX)
received from the remote control units 34A to 34D and a second link 48 for
data signals (TX) from the microcontroller 40 which are to be transmitted to
the remote control units 34A to 34D. The output of line interface unit 44 is
connected to second ground 2 of power supply 30 and maintains second
ground 2 at a potential difference of about 20 volts d.c. relative to ground 1.

It should be noted, therefore, that second ground 2 and voltages vy, and

v, "float" relative to ground 1 and voltages Vv, and v/ with a potential
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difference of about 20 volts d.c., subject to variations due to modulation
signals, as will be described later.

In operation, the line interface unit 44 maintains this potential difference
of about 20 volts d.c. between the first and third conductors 26A(L1) and
26A(R1) and likewise between the corresponding "grounded"” canductors of the
other loudspeaker sets in zones B, C and D. Because the remote control units
are connected between these "grounded™ conductors, they are able to extract
power at 20 volts d.c. from the interface unit 44. At each of the remote
control units 34A to 34D, the afore-mentioned transferring means includes
means for transmitting signals to the microcontroller 40 via the signal
transmission channel defined by the pair of "grounded™ conductors to which
it is connected, specifically by applying modulated signals to them. Also, the
line interface unit 44 can transmit modulated signals to the remote units via the
transmission channels.

Referring to Figure 2, a suitable line interface unit 44 comprises a

transconductance amplifier and D.C. voltage source unit 50 formed by an

amplifier 52 which is supplied with voltages vy and vy, from power supply
28 (Figure 1) and has a non-inverting input ( + )} coupled to a 20 volt d.c. source
54 by a resistor 56. The source 54 has its negative terminal connected to first
ground 1. The inverting input (-) of amplifier 52 is connected to its output by
a first feedback loop comprising a resistor 58. An output resistor 60 connects
the output of the amplifier 52 to ground 2. A second feedback loop is formed
by a capacitor 62 and a resistor 64 connected in series between the second
ground 2 and the non-inverting input {+) of amplifier 52. In operation, and
when quiescent unit 50 maintains a potential difference of about 20 volts d.c.
between grounds 1 and 2.

An output terminal of a modulator 66 is connected to the inverting input
{(-) of amplifier 52 by a second capacitor 68 and resistor 70, in series. The
input of the modulator 66 is connected to the link 48 to receive digital data
signals (TX) from the microcontroller 40 (Figure 1). The modulator 66 may use
Frequency Shift Keying (FSK}, Amplitude Shift Keying (ASK), or any other type
of modulation suitable for digital data transmission. When half duplex FSK is

used, suitable mark and space carrier frequencies might be 100 kHz for "1" and
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90 kHz for a zero. Full duplex FSK could be implemented using two additional
frequencies.

A demodulator 72 has its input connected to the output of the
transconductance amplifier unit 50 (and hence to second ground 2), and its
output connected to the link 46 to pass demodulated digital data signals (RX)
received on second ground 2 to the microcontroller 40 (Figure 1).

In use, signals received on link 48 from the microcontroller 40, for
example to give the status of the controls of audio distribution unit 10, are
modulated by modulator 86 and supplied to amplifier 52, which transmits them
onto the second ground 2 and hence broadcasts them to all of the remote
control units 34A-34D. Each remote control unit has a unique address
assigned during a set-up procedure and mapped to the corresponding zone by
suitable entries in the memory of the microcontroller 40. The microcontroller
40 will include in each broadcast signal the address of the remote control unit
34A-34D for which the signal is intended. The remate control unit for which
the signal is intended will detect its own address in the signal, process the
signal accordingly, using known techniques, and provide a suitable response,
such as displaying a setting for one of the parameters of the audio distribution
unit 10. Conversely, signals applied to one of the transmission channels by
one of the remote control units 34A-34D, when received in the interface unit
44, will be demodulated by demodulator 72 and transmitted via link 46 to the
microcontroller 40. All of the remote control units 34A-34D are effectively
connected in parallel between first grounds 1 and second ground 2, and all
transmitters in both the interface unit 44 and, as will be described later, the
remote control units, have low output impedances, of the order of 100 ohms.
Consequently, as soon as one of them transmits a signal, all of the others will
receive it. Each of the remote control units 34A-34D is arranged to inhibit
operation of its own transmitter while its own receiver is receiving a signal, as
is commaon in transceivers. This same feature will operate to inhibit the
transmitters of all other remote control units as soon as one of them begins to
transmit, thereby avoiding "collisions" if two users using different ones of the
remote control units 34A-34D attempt to control the audio distribution unit 10

at the same time.
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The remote control units 34A-34D are identical, so only one will be
described. As shown in Figure 3, a suitable remote control unit 34A camprises
a power extraction circuit 76 connected across terminals 77 and 79 which, in
use, are connected to the BLACK terminals of the LEFT and RIGHT
loudspeakers, respectively, and hence across “"grounded" first and third
conductors 26A{L1) and 26A(R1), respectively. The power extraction circuit
76 supplies the various components of the remote control unit 34A, including
a second microcontroller 84, at a voltage of 5 voits d.c., and has a "backlight”
output 85 which supplies the backlight of a display 86. (For clarity, the supply
connections to second microcontroller 84 and display 86 only are shown). The
backlight supply is turned on and off by the microcontrolier 84 by way of a
control signal line 87 connecting a backlight on/off output of the
microcontroller 84 to the power extraction circuit 76. The connection of
terminal 77 to the BLACK terminal of the left loudspeaker 14A(L), i.e. to first
conductor 26A(L1) and indirectly to ground 1, constitutes the ground for the
remote control unit 34A.

The third conductor 26A(R1) (BLACK terminal) of the RIGHT loudspeaker
14A(R) is connected via an isolating capacitor 78 to an input of a receiver
amplifier 80, the output of which is connected to the input of a demodulator
82, which operates conversely to the modulator 66 in the interface unit 44 to
demodulate received signals. The output of the demodulator 82 is coupled to
an input of the second microcontroller 84 which controls display 86. An input
device 88, for example a keypad having a set of pushbuttons, or a touch-
screen overlay on display 86, is coupled to a second input of the
microcontroller 84 for manual inputting of instructions or data by a user.

An output of micracontroller 84 is connected to an input of a modulator
90 which corresponds to the demodulator 72 in interface unit 44. The output
of the modulator 90 is connected to an input of a transmitter amplifier 94, the
output of which is coupled to the third conductor 26A(R1), and hence the
second ground 2, by way of a {100Q) termination resistor 96 which connects
the output of the transmitter amplifier 94 to the isolating capacitor 78.

The power extraction circuit 76, microcontroller 84, modulator 90,

demodulator 82, and amplifiers 80 and 94 constitute parts of the afore-
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mentioned transferring means, the other parts being in the audio distribution
unit 10.

The power extraction circuit 76, shown in detail in Figure 4, comprises
a first transistor 110 with its collector connected to third conductor 26A(R1)
and its emitter coupled to first conductor 26A(L1) by way of a capacitor 112,
A resistor 114 and capacitor 116 are connected in series between the
transistor emitter and first conductor 26A(L1). The capacitors 112 and 116
and resistor 114 form a filter to remove digital noise. A 5.6 volt Zener diode
118 and feed resistor 120 are connected in series between the conductors
26A(R1) and 26A(L1). The cathode of the Zener diode 118 is connected to
the base of transistor 110 and, by way of a smoothing capacitor 122, to the
local ground, i.e. conductor 26A(L1). The transistor 110 acts as a voltage
follower with a voltage drop equivalent to that of one diode, and the 5 volt
supply for the various components of the remote control unit is taken from the
junction between resistor 114 and capacitor 116, on line 124.

The backlight supply circuitry comprises a second transistor 126
connected as a constant current source, with its emitter connected by way of
a resistor 128 to conductor 26A(R1) and its collector connected to the
backlight output 85 and hence to display 86 (Figure 3). Transistor 126 is
biased by means of a pair of diodes 132 and 134 connected in series between
conductor 26A{R1) and the base of transistor 126. A second smoothing
capacitor 136 is connected in parallel with the diodes 132 and 134 to smooth
switching transients.

The backlight supply transistor 126 is turned on and off by means of a
switching transistor 138 which has its emitter grounded (to the local ground -

conductor 26A(L1)), its collector coupled by way of a resistor 140 to the
cathode of diode 134 and its base coupled by way of a resistor 142 and
control line 87 to the backlight an/off output of the microcontroller 84 (Figure
3). The microcontroller 84 is programmed so that, as soon as the user
operates the input device 88 (Figure 3), for example presses a key, it turns on
transistor 138 which turns on the backlight current.

The microcontroller 84 stores the address for the remote unit in the

system. When a user presses a key, the microcontroller 84 extracts the
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address of its own remate unit and includes it in a data signal, which then is
transmitted to the microcontroller 40 in the audio distribution unit 10, allowing
the latter to determine the source of the data signal. The microcontroller 40
will control the audio distribution unit 10 according to the content of the data
signals received from the remote unit 34A and will communicate to the
transmitting remote unit 34A such data signals as are appropriate.

Referring again to Figure 3, when the system is in use, signals received
from the interface unit 44 via conductors 26A(R1) and 26A(L1) are amplified
by receiver amplifier 80, which also provides bandpass filtering to limit the
signal to the transmit bandwidth of the modulator 66 (Figure 2}, demodulated
by demodulator 82 and supplied to the microcontroller 84, which deciphers the
signals and controls the display 86 accordingly. Conversely, when a user
inputs information or commands by way of input device 88, corresponding
digital data signals from the microcontroller 84 are modulated by modulator 90,
amplified by transmitter amplifier 94 and applied to the conductor 26A(R1).

As mentioned previously, each of the remote control units 34A-34D has
the ability to turn off its own transmitter when its receiver is receiving a data
signal. Thus, the microcontroller 84 continuously monitors the output of the
demodulator 82 and compares it with the input to the madulator 90. If they
are not the same, a "collision” is assumed. If the microcontroller 84 is not
driving the modulator 90 and transmitter amplifier 94, and the demodulator 82
is outputting a data signal (the demodulator output has a data valid line and a
data line), the microcontroller 84 inhibits its own transmissions. In a similar
manner, in the audio distribution unit 10 (Figure 1), the microcontroller 40 wili
monitor RX data line 46 and inhibit its own transmissions as required. In
essence, the arrangement is like a netwaork, with the audio distribution unit 10
acting as a hub to which the remote control units 34A-34D are connected by
their respective transmission channels formed by pairs of loudspeaker
conductors. When any network element is transmitting, the other elements
wait until the transmission ends before seizing the opportunity to transmit
themselves. The network analogy also applies to the use of unique addresses
for the remote units, enabling selective communications using known network

signalling techniques.
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Various modifications and substitutions may be made to the above-
described embodiment without departing from the scope of the present
invention. Thus, it is envisaged that a full wave rectifier could be interposed
between the conductors 26 A{R1) and 26A(L1) and the power extraction circuit
76 of each of the remate control units 34A-34D, so that the power supply to
the remote control units would be independent of the polarity of the potential
difference on the corresponding transmission channel. This would, of course,
require the use of a polarity-insensitive signalling scheme, such as FSK or ASK.

Itis also envisaged that the system could be modified to add an intercom
feature, in which case the signals transmitted between the audio distribution
unit 10 and the remote unit(s) 34A-34D would include baseband voice signals
as well as the data signals, the latter being above baseband.

Figures 2 and 3 illustrate, in dashed lines, a modification to the interface
unit 44 two alternative modifications to the remote unit 34A, which would
permit intercom use, it being understood that similar modifications would be
made to the other remote units 34B-34D. As shown in dashed lines in Figure
3, remote control unit 34A could have a microphone 96A connected by way
of a microphone amplifier 98A and intercom ON/OFF switch 99A (conveniently
controlled by microcontroller 84) directly to the conductor 26A(R1) allowing
transmission of voice signals via the conductors 26A(L1) and 26A(R1) to the
interface unit 44. As shown in broken lines in Figure 2, the interface unit 44
could then have a capacitor 104 or other suitable voice circuitry for extracting
the voice signal and supplying it to an extra input (not shown), such as the
microphone input MIC, of preamplifier unit 16, by way of a suitable connection
100 shown in broken lines in Figure 1.

Alternatively, and preferably, the voice signal could be transmitted by
modulating the "backlight" current of the power extraction unit 76. Suitable
additional circuitry for doing so is shown in chain-link lines in Figures 3 and 4.
Thus, referring to Figure 3, microphone 96A’ is connected to microphone
amplifier and interface circuit 102, the output of which is connected to an input
of the power extraction circuit 76. As shown in Figure 4, within the power
extraction circuit 76, the output of the microphone amplifier and interface unit

102 (Figure 3) is coupled to the base of transistor 126 by way of an additional

LINKPLAY EXHIBIT 1004
Page 1465 of 4822



10

15

20

25

30

CA 02320451 2000-09-22

20

capacitor 144 and an additional resistor 146 connected in series. An additional
resistor 148 is inserted in series with the base of transistor 126. Resistors 1486
and 148 are equal in value, suitably 100 ohms, so about one half of the voice
signal is applied to the base of the transistor 126. The voice signal modulates
the backlight current on the collector of transistor 126, which typically has a
quiescent value of about 100 mA. The backlight supply circuitry of power
extraction circuit 76 is a constant current source. Consequently, variations in
the backlight current will appear as changes in the voltage across first ground
1 and second ground 2 in the audio distribution unit 10. When the user
speaks, the backlight current will vary in proportion to the output of
microphone amplifier and interface unit 102.

It is also envisaged that the voice signal could be used to modulate the
total current consumed by the remote unit.

The system may be capable of paging, in which case the message is
broadcast to all of the other zones, or directed messaging, in which case the
message is sent to one or more zones selected by the user. A user wishing to
send, for example, broadcast voice signals, will press a corresponding key or
symbol on the input device 88. The microcontroller 84 will respond by turning
on the backlight (if it is not already on), detecting the "intercom" selection,
generating a corresponding data signal including the address of the local remote
unit 34A and transmitting it to microcontroller 40 in the audio distribution unit
10, at the same time operating switch 99A to enable voice transmissions. On
receipt of the "intercom" data signal on line 46, the microcontroller 40, which
is suitably programmed, will detect the address of remote unit 34A only and
issue a control signal to the preampilifier unit 16 to cause the switching matrix
to route the voice signals from the MIC input 18 to the loudspeaker sets in all
of the other zones B, C and D, muting or reducing their existing signals as
appropriate. When, subsequently, the user speaks into the microphone 96A,
the voice signal will be broadcast to the loudspeakers in the other zones B, C
and D. It will be appreciated that, to avoid feedback problems, the voice signal
will not be transmitted to the audio transducer set in the zone from which the

voice signal originated.
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If the user wished to direct the message to a particular zone, he would
first select the "intercom™ mode and then identify the reception zone using the
input device 88. The microcontroller 84, which would have all of the zone
addresses stored in memory, would select the appropriate address and include
it in the message, as a "recipient” address, together with the "sender" zone
address. At the audio distribution unit 10, the microcontroller 40 would detect
the recipient zone address and control the switching matrix so as to direct the
message to the one zone only.

It will be appreciated that this intercom system could also be modified
to allow the user to input several recipient addresses and send the same voice
message to several selected zones, but not broadcast to all of them.

As shown in Figure 5, a suitable microphone amplifier and interface unit
102 comprises an amplifier 150 having its non-inverting input connected to the
microphone 96A’ by way of an ON/OFF switch 152 and a blocking capacitor
154 in series. The switch 162 may be a CMOS analag switching device or
other suitable device controlled by the microcontroller 84 by way of line 156.
The poles of the switch 152 are connected to local ground by resistors 158
and 160, respectively. As depicted in Figure 5, the microphone 96A’ is an
electret microphone comprising an internal field effect transistor (not shown)
connected between the 5 volt supply and, by way of a bias resistor 162, local
ground. The inverting input of amplifier 150 is connected to local ground by
way of a resistor 164 and, by way of a feedback resistor 166, to the output
of amplifier 150, which output is connected to the capacitor 144 in power
extraction unit 76 (Figure 4).

In use, the user will select the intercom function by means of the input
device 88. The microcontroller 84 will respond by turning on the backlight
current (if it is not already on), closing normally-open switch 152, and, as
before, transmitting data signals to select the loudspeaker sets to receive the
voice signals. When the user speaks into the microphone 96A’, the amplified
voice signal will modulate the current flowing through constant current source
transistor 126 (Figure 4). At voice frequencies, the constant current flows

through a substantially constant impedance, i.e. the output impedance of
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interface unit 44. As a result the potential difference across the conductors
26A(R1) and 26A(L1) will be modulated with the voice signal.

As before, at the interface unit 44, a capacitor 104 connected between
the input of the demodulator 72 and the line 100 will extract the voice signal
and supply it to the appropriate input 18 of the preamplifier unit 16.

It is envisaged that the intercom arrangement could be used with a
multiconductor system, the transmission channel via which the voice signals
are transmitted being defined by conductors other than those used to transmit
the audio signals to the audio transducers.

Where a zone is equipped with a set of more than two loudspeakers,
with a carrespondingly greater number of "ground" wires, any two of the
ground wires could be selected to form the transmission channel, providing that
they were connected to the separate first ground 1 and second ground 2, so
that the signalling was common mode with respect to the power amplifiers and
loudspeakers and did not interfere with the audio signals.

For example, if there were four loudspeakers in a particular zone, two
with their respective "ground” conductors connected to first ground 1 and two
with their respectively "ground” conductor connected to second ground 2, the
remote unit could be connected between either one of the first ground 1
conductors and either one of the second ground 2 conductors.

It is also envisaged that the audio distribution unit 10 could have at least
a third ground 3, isolated from both first ground 1 and second ground 2, and
the "ground” conductors of one or more of the audio transducer sets could be
connected between the first ground 1 and the third ground 3, thereby forming
a separate transmission channel and providing better segregation between
signals from the different remote units. Modifications to do so are illustrated
in Figure 7 which shows a modified power amplifier unit 22B and the
loudspeakers of zone B, together with an additional interface unit 44/2 and
additional power supply 29 in the audio distribution unit 10. Other components
of the system, t.e. for zones A, C and D, will be as shown in Figure 1.

As shown in Figure 7, the third power supply 29 provides
voltages vy and v; , say +3b volts and -35 volts, relative to third ground 3,
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conveniently, but not necessarily, the same as that between first ground 1 and
second ground 2. The second interface unit 44/2, which is similar in
construction to first interface unit 44, is connected between the microcontrolier
40 and third ground 3, and maintains third ground 3 at a predetermined voltage
relative to first ground 1. It also may have a capacitor {(not shown) for coupling
voice signals via line 100’ to a microphone input, or other suitable audio input,
of the preamplifier unit 16 if the intercom feature is provided. Data links 46/2
and 48/2 couple received and transmitted data signais (RX2, TX2),
respectively, between the microcontroller 40 and the third ground 3. The
power amplifier unit 22B for zone B is generally similar to the power amplifier
unit 22A of Figure 1 and is connected to zone B loudspeakers 14B(L) and
14B(R) in a similar manner. It differs, however, in that the "ground" terminals
of differential amplifier 32B and power amplifier 24B(R), and hence the
"grounded" loudspeaker conductor 26B(R1), i.e. connected to the BLACK
terminal of loudspeaker 14B(R), are connected to the third ground 3.
Consequently, the transmission channel for zone B is defined by conductors
26B(L1) and 26B(R3) which connect the zone B remote unit 34B to first ground
1 and third ground 3, respectively.

As before, the differential amplifier 32B ensures that the audio signal
from preamplifier output 20B(R) appears as a differential signal across the
conductors 26B(R1) and 26B(R2) while variations in the potential difference
between ground 1 and ground 3 appear on both of these conductors, i.e. in
common mode, and so are not "seen" by the loudspeaker 14B(R).

Figure 8 illustrates how, when the set of audio transducers in a zone
includes a third audio transducer, it would be possible to provide a third ground
in the audio distribution unit 10 and connect the "ground” conductor of the
third audio transducer to the third ground.

Thus, Figure 8 shows a modified power amplifier unit 22A’ connected
to three loudspeakers 14A(L), 14A(R) and 14A(C) in zone A. The power
amplifier unit 22A“ comprises three power amplifiers 24A(L), 24A(R) and
24A(C) connected to the LEFT, RIGHT and CENTRE channel loudspeakers
14A(L), 14A(R) and 14A(C}, respectively, by a set of six conductors 26A(L1)
and 26A(L2), 26A(R1) and 26A(R2), and 26A(C1) and 26A(C2) connected to
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output ports 12A(L}, 12(R) and 12(C). The ground terminals of power
amplifiers 24A(L), 24A(R) and 24A(C) are connected to grounds 1, 2 and 3,
respectively. The power amplifiers 24A(R} and 24A(C) are connected by
differential amplifiers 32A(1) and 32A(2), respectively, to the corresponding
outputs of preamplifier unit 16 and are supplied from power supplies 30 and
29, respectively. The audio distribution unit 10 has a madified interface unit
44’ which has two outputs, one connected to ground 2 and the other
connected to ground 3. A suitably modified remote unit 34A’ is connected to
all three ground conductors 26A(L1}, 26A(R1) and 26A(C1)

As shown in more detail in Figure 9, the modified interface unit 44’
supplies power to the modified remote unit 34A’ via grounds 1 and 3 and
signalling via grounds 1 and 2. Thus, the modified interface unit 44’ comprises
a modulator 66 and demodulator 72 connected between data lines 48 and 46,
respectively, and an amplifier 562. Amplifier 52 has its non-inverting input
connected to the output of modulator 66 and its output connected to second
ground 2 by a resistor 60. The input of demodulator 72 is connected to
second ground 2. A feedback resistor 64 interconnects the output and
inverting input of amplifier 52 and the inverting input is coupled to first ground
1 by resistor 56. The modulator 66, demodulator 72 and amplifier 52 operate
in a similar manner to those shown in Figure 2 to communicate signals between
microcontroller 40 and remote unit 34A’ via the transmission channel defined
by grounds 1 and 2 and the loudspeaker conductors 28A(L1) and 26A(R1).

Power is supplied to the remote unit 34A" via first ground 1 and third
ground 3 and conductors 26A (L1) and 26A(C1) by a separate power supply
68 which has its negative pole coupled to first ground 1 and its positive pole
coupled to third ground 3 by way of a current limiting resistor 55.

Figure 10 illustrates corresponding modifications to the remote unit
34A’°. In particular, the voltage regulatar comprises transistor 110, Zener diode
118, capacitors 122 and 112 and resistor 120, as in the voltage regulator of
Figure 4, but without the additional smoothing capacitor 116 and resistor 114.
The backlight circuitry is not shown in Figure 10 but would be similar to that

shown in Figure 4.
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The receiver amplifier 80 and transmitter amplifier 94 have their ground
terminals coupled to first ground 1 via conductor 26A(L1). The input of
receiver amplifier 80 is connected to second ground 2 via conductor 26A(R1)
and the output of transmitter amplifier 94 is connected by way of resistor 96
to second ground 2. Other components of remote unit 34A’ will be configured
in a similar manner to those of remate unit 34A {Figure 3).

With such an arrangement, the transmission channel formed by
conductors 26A(L1) and 26A(C1), between first ground 1 and third ground 3,
is used to transfer power from the audio distribution unit 10 to the remote unit
34A’ and the other transmission channel defined between conductors 26A(L1)
and 26A(R1), first ground 1 and second ground 2, is used to transfer signals
between the audio distribution unit 10 and the remote unit 34A°.

It should be appreciated that the intercom arrangement described as a
modification with reference to Figures 1 to 5 could be adapted for use with the
embodiment of Figure 8.

It is also envisaged that, in any of the foregoing embodiments, each
remote unit could provide an interface for an infrared remote control device.
As illustrated in broken lines in Figure 3, an infrared receiver 106, of the kind
used in remote-controlled audio or video equipment, for receiving infrared
signals transmitted by a separate infrared remote control device 107, may be
coupled to the microcontroller 84 of remote unit 34A. The microcontroller 84
then would be programmed to transmit corresponding signals onto the signal
transmission channel. At the audio distribution unit 10, the "infrared” data
signals (or source control signals) would be demodulated and detected by the
interface unit 44 along with other data signais from the remote units 34A-34D
and passed to the microcontroller 40, which would supply corresponding
source control signals to an infrared transmitter 101 (shown in broken lines in
Figure 1} for communicating with one or more of the various source
components. In order to differentiate the source control or "infrared” data
signals from other data signals, the microcontroller 84 in the remote unit would
add an identifier to the source control signal, for example, several control bits.
The microcontroller 40 would detect the infrared identifier in the received data

signal RX and control the infrared transmitter 101 to generate a corresponding
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infrared control signal and broadcast it to the infrared receiver{s) on the front(s)
of the source unit(s). It should be appreciated that the infrared signals could
substitute for, or supplement, the other data signals.

Most infrared remote controls use ASK modulation. Consequently,
where the remote unit is equipped with such an infrared receiver, the modulator
could use ASK to transmit the signals from the infrared remote control device
107 for controlling the source unit (CD, tape, etc.) and use FSK to transmit the
data signals for controlling operation of the audio distribution unit. The same
demodulator could be used for both FSK and ASK. When the microcontroller
40 detected that the received signal was ASK modulated, it would pass it
directly to the afore-mentioned infrared transmitter 101. Hf it detected that the
signal was FSK modulated, however, the microcontroller 40 would determine
the content of the signal and process it accordingly.

It should be appreciated that the infrared signals passed between the
infrared remote contral device 107 and the infrared receiver 106 need not be
identical to the infrared control signals passed between the infrared transmitter
101 and the audio source unit(s}), so long as they convey the appropriate
information. It would be convenient, of course, if they were substantially
identical.

Various other modifications are envisaged. Thus, one or more of the
differential amplifiers 32A - 32D which allow the required referencing of the
signal from terminal 20A(R) to the second ground 2 could be replaced by an
isolation amplifier 32A” which, as shown in Figure 6, would be connected in
a similar manner to the differential amplifier 32A (Figure 1) but would provide
electrical isolation between its inputs and outputs, hence providing better
common mode rejection. Suitable isolation amplifiers may use optical,
magnetic, capacitive, or other suitable forms of isolation. It is also envisaged
that a transformer could be used instead of the differential amplifier.

Where it is desired to use a larger potential difference than can be
tolerated by the differential amplifier 32A, a capacitor could be interposed
between the input of the differential amplifier 32A and the preamplifier unit 16.

If it is required to transmit power only, the differential amplifier 32A

couid be replaced by a suitable capacitor connected directly between the
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preamplifier output terminal 20A(R) and the input of power amplifier 24A(R).
In the embodiment of Figure 8, therefore, the second differential amplifier
32A(2) could be replaced by a suitable capacitor connected directly between
the preamplifier output 20A(C) and the input of power amplifier 24A(C).

It would be possible for the microcontrollers 40 and 84 to perfarm the
required modulation, in which case modulators 66 (Figure 2) and 90 {Figure 3)
could be omitted. It is also envisaged that the power amplifier units
24A(L)...24D(R) could be duplicate channels of a multi-channel power amplifier
unit. The power amplifier units 24A(L)...24D(R), the interface unit 44, the
microcontroller 40, and the remote control units 34A-34D could be supplied to
a customer without the preamplifier unit 16, for addition to an existing
preamplifier unit capable of external contro! by microcontroller 40 or the like.
The microcontroller 40 also could be omitted if the preamplifier unit 16 already
had a microcontroller capable of interfacing with the interface unit 44.

Although the above-described embodiments transmit both power and
signalling between the audio distribution unit 10 and the remote control units
34A-34D, the invention embraces systems which transmit power only, or
signalling only. The appropriate components could then be omitted.

Although a four-zone audio system has been described, it will be
appreciated that more zones could be added simply by adding loudspeaker sets
and duplicating the power amplifier units; or fewer zones served with
correspondingly fewer power amplifier units and loudspeaker sets. Appropriate
modifications would, of course, be made to other components, such as the
switching matrix and the programming of the microcontrollers 40 and 84.

It should be appreciated that, although an audio system has been
described, specifically, the invention is applicable to audio-video systems, such
as home theatre systems, which have sets of several loudspeakers in different
zones. In such a case, the audio distribution unit 10 could be combined with
a video distribution unit which itseif might have severa! sources and a suitable
switching matrix. The video sources also might be distributed. The same
microcontroller might then control the audio and video distribution.

It should be noted that more than one remate control unit could be

mapped to the same zone, for example a large room.
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It should also be noted that a particular remote unit could be physically
associated (co-located} with the loudspeakers of one zone, and associated
logically by having an address linked to that zone by the microcontroller 40, yet
be connected to the ground conductors of loudspeakers in a different zone.

For example, if two sets of audio transducers were located in adjacent
rooms, the conductors from both sets of audio transducers might follow a
common path back to the audio distribution unit, perhaps initially within a wall
shared by the two rooms. In such a case, it might be convenient for both
remote units to be connected to the same pair of grounded conductors and
share the same transmission channel. The microcontroller 40 would be able
to discriminate between their signals because each remote unit would include
its own address with any signals it transmitted and detect its own address in
the broadcast signals it received.

Although, in the above-described embodiments, each remote unit is
connected to the loudspeaker terminals, each remote unit could be connected
to the loudspeaker conductors anywhere along their length, or even be
connected to the audio distribution unit by a pair of conductors of a
multiconductor cable, which were connected to the two grounds.

It is also envisaged that any of the foregoing embodiments of the
invention could be modified so that two speakers and a remote unit in a zone
shared four conductors, one of which connected the "ground" terminals of the
remote unit and speakers to a common ground of the associated power
amplifiers. Such an arrangement will now be described with reference to
Figure 11. The system shown in Figure 11 is similar to that shown in Figure
1 and corresponding components have the same reference number. The
system of Figure 11 differs from that of Figure 1, however, as follows: (i) the
power amplifiers 24A(L),24A(R),...,24D(L),24D(R} share the same ground 1;
(ii) the input terminals 21A(R),...,21D(R) of the RIGHT channel power amplifiers
24A(R),...,24D(R), respectively, are connected directly to output ports
20A(R),...,20D(R), respectively, of the preamplifier unit16; (iii) the second
power supply unit 30 and ground 2 are omitted; {iv) both loudspeakers 14A(L)
and 14A(R) have their BLACK terminals connected in common to the first

conductor 26A(L1) and thereby to ground 1; (v) the terminal of remote unit
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34A which, in the system of Figure 1, would have been connected to the
BLACK terminal of speaker 14A(R) is connected directly to the interface unit
44 by a conductor 26A(R1)"; {vi) in zone D, both loudspeakers 14D(L) and
14D(R) have their BLACK terminals connected in common to the conductor
26D(L1) and thereby to ground 1; (vii) the terminal of remote unit 34D which,
in the system of Figure 1, would have been connected to the BLACK terminal
of speaker 14D(R) is connected directly to the interface unit 44 by a conductor
26D(R1)’. Atthe interface unit 44, the two conductors 26A(R1}" and 26D(R1)’
are connected in common. The primes signify that, in a practical system, the
conductors 26A(R1)’ and 26D(R1)’ would be the loudspeaker conductors
26A(R1) and 26D(R1) of Figure 1 connected differently at their respective
ends.

The other terminals of the remote units 34A and 34D are connected to
respective BLACK terminals of the audio transducers 14A(L) and 14D{L),
respectively, as in the embodiment of Figure 1.

In this modified system, one of the usual four conductors used to
connect the loudspeakers to the audio distribution unit 10, two conductors per
loudspeaker, is reallocated. Thus, in zone A, the first conductor 26A(L1)
serves to connect the BLACK terminals of both of the two loudspeakers 14A(L)
and 14A(R) to the audio distribution unit ground 1, and the second and fourth
conductors 26A(L2) and 26A(R2), with the first conductor, supply the RIGHT
and LEFT channel audio signals to the LEFT and RIGHT loudspeakers,
respectively. The third conductor 26A{R1)*, and the first conductor 26A(L1)
supply power to the remote unit 34A and communicate control signals to and
from it. The speakers and remote units in the other zones are connected in a
similar manner.

Generally, it is envisaged that, providing the distance between the
loudspeakers and the audio distribution unit 10 is not too great, cross talk or
reduction in stereo separation will not be unacceptable. Where the situation
precludes it, perhaps because the distance is much greater, the embodiments
which use separate grounds would be used instead.

Although the above-described embodiments have been shown, and

described, with the audio distribution unit connected to the various sets of
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audio transducers, the invention comprehends audio distribution units and
remote units supplied as a kit, without the audio transducers. Moreover,
although the above-described embodiments have input means for receiving
audio signals from separate sources, the input means could itself comprise one
5 or more of such sources, for example as a tuner-amplifier unit with input ports
for connecting to a tape deck, CD player, DVD player, and so on.
Although embodiments of the invention have been described and
illustrated in detail, it is to be clearly understood that the same are by way of
illustration and example only and not to be taken by way of limitation, the spirit

10 and scope of the present invention being limited only by the appended claims.
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CLAIMS
What is claimed is:
1. Apparatus comprising an audio distribution unit (10) having means (11)

for providing audio signals from audio sources and output ports (12A...12D)
for supplying sets of audio transducers, each said set comprising at least a first
audio transducer (14A(L)) and a second audio transducer (14A(R)) and having
associated therewith at least one remote unit (34A), the first and second audio
transducers (14A(L), 14A(R)) and the remote unit (34A) being connected to the
audio distribution unit (10) by a set of four conductors, the apparatus further
comprising means (22A...22D,44,76,80-96) for supplying audio signals to the
audio transducers (14A(L),14A(R)) and transferring at least one of power and
data signals between said audio distribution unit {(10) and said remote unit

{34A), all by way of the four conductors.

2. Apparatus according to claim 1, wherein the audio distribution unit (10)
comprises first and second power amplifiers {24A{L),24A(R}), a first conductor
(26A(L1)) connects one terminal of each of said first and second audio
transducers (14A(L),14A(R)) and one terminal of the remote unit (34A) to a
ground terminal of the audio distribution unit {(10), a second (26A(L2}) of the
conductors connects a drive-signal terminal of said first audio transducer
{14A(L)) to a corresponding output terminal (30A(L)) of said first power
amplifier {24A{L)}, a third conductor {26A(R1}’) connects a second terminal of
the remote unit {(34A) to an interface unit {44) of the audio distribution unit
(10), and a fourth conductor {(26A(R2)) connects a drive-signal terminal of said
second audio transducer (14A(R)) to a corresponding output terminal (30A(R))
of said second power amplifier (24A(R)), the audio signals being supplied by
way of the first, second and fourth conductors and the at least one of power

and data signals being transferred by way of the first and third conductors.

3. Apparatus according to claim 1, wherein the audio distribution unit (10)
comprises first and second power amplifiers (24A(L),24A(R)) each connected
to a respective one of two grounds (1,2) that are separated electrically from

each other, a first conductor (26A(L1)) connects one drive-signal terminal of
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the first audio transducer (14A(L}} to a ground terminal of the first power
amplifier {24A(L)), a second conductor (26A(L2)) connects the other drive-
signal terminal of the first audio transducer (14A(L)}) to an output terminal
{30A(L)) of the first power amplifier (24A(L}), a third conductor {26A(R1))
connects one terminal of the second audio transducer {14A(R}) to a ground
terminal of the second power amplifier (24A(R)}, and a fourth conductor
(26A(R2)} connects the other drive-signal terminal of the second audio
transducer (14A(R)) to a corresponding output terminal (30A(R)) of the second
power amplifier (24A(R}), the audio signals being supplied to the first audio
transducer (14A(L)) by way of the first and second conductors, and to the
second audio transducer (14A{R)) by way of the third and fourth conductors,
and said at least one of power and data signals being transferred by way of the
first (26A(L1)) and third (26A(R1}) conductors.

4. Apparatus comprising an audio distribution unit {10) having means (11)
for providing audio signals from audio sources and output ports (12A...12D)
each having a line terminal and a ground terminal, at least one set of audio
transducers, said set comprising at least a first audio transducer (14A(L)) and
a second audio transducer (14A(R)) connected to a respective set {12A(L),
12A(R)} of said output ports by a set of conductors comprising a first
conductor {26A(L1})), a second conductor {26A(L2)), a third conductor
(26A(R1)) and a fourth conductor (26A(R2)}, said apparatus further comprising
at least one remote unit (34A) associated with said set of audio transducers,
wherein the audio distribution unit {10} has a first ground (1) and a separate
second ground (2), said set of output ports including a first output port
(12A(L)) and a second output port (12A(R}) connected to the first ground (1)
and second ground (2), respectively, said first conductor (26A(L1)) and said
second conductor (26A(L2)) connecting respective drive-signal terminals of said
first audio transducer (14A(L})) to the ground terminal and line terminal,
respectively, of said first output port (12A(L)), and said third conductor
{(26A(R1)) and said fourth conductor (26A(R2)) connecting respective drive
signal terminals of said second audio transducer (14A(R)) to the ground

terminal and line terminal, respectively, of said second output port (12A(R)),
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the remote unit (34A) being connected to said first ground (1) and said second
ground (2), the apparatus further comprising means (22A...22D,44,76,80-96)
for transferring at least one of power and data signals between said audio
distribution unit {10) and said remote unit (34A) by way of said first ground (1)
and said second ground {2).

5. Apparatus according to claim 4, wherein the remote unit (34A) is
connected to the first ground (1) and second ground (2) by the first conductor
(26A(L1)) and the third conductor {26A(R1)), respectively, the power or data

signals being transferred by way of these first and second conductors.

6. Apparatus according to claim 4, wherein the remote unit (34A) is
connected to said first ground (1) and said second ground (2) by conductors
other than the conductors connected to the drive signal terminals of the audio
transducers (26A(L1),26A(L2),26A(R1),26A(R2}).

7. Apparatus according to claim 4, comprising a plurality of said sets of at
least two audio transducers (14A{L),14A(R),...14D(L}, 14D(R)) connected to a
corresponding plurality of sets of said output ports, and a corresponding
plurality of remote units (34A...34D), each remote unit being cannected to said
first ground (1) and second ground (2) and associated with a respective one of
the sets of audio transducers, and wherein the transferring means (44,76,80-
96) comprises, at each of said remote units (34A-34D), means (84,90,94) for
transmitting to said audio distribution unit {10) data signals including an
identifier specific to the set of audio transducers with which that remote unit
is associated and, at the audio distribution unit (10), means (40,44} for
receiving said data signals and using said identifier to identify the remate unit,

whereby the data signal was transmitted.

8. Apparatus according to ciaim 4, comprising a plurality of said sets of
audio transducers (14A(L), 14A(R),...14D(L), 14D(R)) connected to a plurality of
said sets of output ports (12A...12D) by a plurality of said sets of conductors,

and a corresponding plurality of said remote units (34A,...34D}, connected to
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said first ground (1) and secaond ground (2), wherein at least one of said remote
units {34A,...34D) is co-located with one of said sets of audio transducers and
connected to the first ground (1) and the second ground (2) by one or more
conductors of a said set of conductors connecting a different set of audio
transducer units (14A,...14D} to the audio distribution unit (10} and the
transferring means (44,76,80-96) comprises, at each of said remote units
(34A-34D), means (84, 90, 94) for transmitting to said audio distribution unit
{10) data signals each including an identifier specific to the set of audio
transducers with which that remote unit is associated and, at the audio
distribution unit {10), means (40,44) for receiving said data signals and using

said identifier to identify the transmitting remote unit.

9. Apparatus according to claim 4, wherein the audio distribution unit (10)
has a third ground {3) separate from both of the first ground (1) and the second
ground {2}, said set of output ports includes a third output port (12A(C)), said
at least one set of audio transducers (14A(L), 14A(R)) comprises a third audio
transducer (14A(C)) and said set of conductars further comprises a fifth
conductor (26A(C1)) and a sixth conductor (26A(C2)} connecting drive
terminals of said third audio transducer {14A(C)) to ground and line terminals,
respectively, of said third output port {30A(C)}, the remote unit (34A7) is
connected also to the third ground {3), and the transferring means (44°,76,80-
96) is connected to the first, second and third grounds (1,2,3) for transference
of power to the remote unit (34A’) via one pair of the three grounds and
transference of said data signals via a different pair of the three grounds
(1,2,3).

10. Apparatus according to claim 4, wherein there is provided at least a
second set of audio transducers (14B(L), 14B(R}} connected to the audio
distribution unit {10} by a second set of conductors and a second remote unit
{34B) associated therewith, and the audio distribution unit (10) has a third
ground (3) separate from the first ground (1} and second ground (2) and a
second set of said output ports {(12B(L), 12B(R)}) each having a ground terminal

and a line terminal, the second set of output ports inciuded one port (12B{L})
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with its ground terminal connected to the ground (1) and another port (12B(R))
with its terminal connected to the third ground (3), drive terminals of one of the
audio transducers (14B(L)} of the second set of audio transducers being
connected to said one port (12B(L)) and drive terminals of a second audio
transducer (14B(R}) of said second set being connected to said another output
port (12B(R)}, and wherein the transferring means (44,44/2,76,80-96) is
connected alsc between said first ground (1) and said third ground (3} for
transferring either or both of power and data signals also between said audio
distribution unit (10) and said second remote unit (34B), the apparatus further
comprising means (40) for determining the set of audio transducers to which

a particular one of said data signals relates.

11. Apparatus according to claim 10, wherein the transferring means
(44,44/2) is coupled to the first and second sets of audio transducers,
respectively, and to the first, second and third grounds (1, 2,3) the determining
means (40} determining the set of audio transducers according to the interface

unit whereby the data signal is communicated.

12. Apparatus according to claim 4, wherein the transferring means
comprises, at the or each remote unit {34A-34D), transmitter means
(84,90,94) coupled to the grounds for transmitting said data signals to the
audia distribution unit {10} and, at the audio distribution unit (10), receiver
means (72) coupled to said grounds for receiving said data signals and means
{40) responsive to said data signals for controlling operation of said audio

distribution unit (10} in dependence thereupon.

13. Apparatus according to claim 4, wherein the transferring means
(44,76,80-96) comprises, at the audio distribution unit {10) transmitter means
(50,66) for transmitting data signals via said grounds and the or each remote
unit (34A...34D) further comprises corresponding receiver means (82)

connected between the said grounds for receiving said data signals.
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14. Apparatus according to claim 4, wherein said transferring means
(44,76,80-96) comprises means (50,54 for establishing a potential difference
between the pair of grounds used for power transfer and the remote unit
(34A...34D) comprises means (76) coupled to the grounds for extracting power
therefrom.

15.  Apparatus according to claim 4, wherein the audio distribution unit (10)
comprises a preamplifier unit (16) and one or more power amplifier units
{22A...22D), each connected to a corresponding set of audio transducers by
way of the corresponding set of output parts 12A...12D, the or each audio
power amplifier unit 22A...22D comprising a first power amplifier
(24A(L)...24D(L)), a second power amplifier (24A(R)...24D(R)}) and a coupling
device (32A...32D), the first power amplifier (24A(L)...24D(L)) having a ground
terminal and an output terminal connected to, respectively, the ground terminal
and line terminal of one (12A(L)...12D(L)) of the set of output ports, the graund
terminal being connected also to said first ground (1), and an input terminal
(21A(L)...21D(L)) connected to a first audio output port (20A(L)...20D(L)) of
the preamplifier unit (16), the second power amplifier (24A(R)...24D(R)) having

a ground terminal and an output terminal connected to, respectively, the

ground terminal and line terminal of another (12A(R)...12D(R)) of the set of

output ports, said coupling device (32A...32D) connecting a second audio
output port (20A(R)...20D(R)} of the preamplifier (168) to an input
{21A(R)...21D(R)) of the second power amplifier (24A(R)...24D(R)).

16. Apparatus according to claim 15, wherein the or each coupling device
(32A...32D) comprises a differential amplifier having a signal output terminal
and an output ground terminal connected to, respectively, an input
(21A(R)...21D(R)) of the second power amplifier (24A(R)...24D(R)) and said
second ground (2), a first input terminal connected to said first ground (1), and
a second input terminal connected to said second audio output port
{20A(R)}...20D(R)) of the preamplifier unit (16).
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17.  Apparatus according to claim 15, wherein the or each coupling device
(32A’} comprises an isolation amplifier having an input connected to said
second audio output port {20A(R)) of the preamplifier unit (16), and an output
connected to an input (21A(R)) of the second power amplifier (24A(R)).

18. Apparatus according to claim 15, wherein the coupling device (32A)
comprises a capacitor connected between said second audic output port
(20A(R)) of the preamplifier unit {16) and an input of the second power
amplifier {24A(R)).

19. Apparatus according to claim 4, wherein the remote unit (34A...34D)
comprises infrared receiver means (1086) for receiving an infrared signal from
a separate control unit (107) and transmitter means (84,20,94) for transmitting
corresponding signals via said grounds, and the audio distribution unit

comprises means for detecting said corresponding signals.

20. Apparatus according to claim 4, wherein the remote unit (34A...34D)
comprises voice circuitry (102) for converting signals from a microphone (96A ")
into voice signals for transmission to said audio distribution unit (10) and the
audio distribution unit (10) further comprises means (16) for relaying the voice

signals to one or more of said sets of audio transducer units.

21. Apparatus according to claim 20, wherein the remote unit (34A) includes
means {84,90,94) for associating with the voice signal an address of said
remote unit (34A} and the audio distribution unit {10} comprises means (40, 16)
for detecting said address and broadcasting the voice signals to audio

transducer sets other than that from which the voice signais originated.

22. Apparatus according to claim 20, wherein the remote unit further
comprises means (84,90,94) for associating with the voice signals an address
of a recipient set of audio transducers to which the voice signals are to be

sent, and the audio distribution unit (10) comprises means (40,186) for
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detecting the address and controlling the audio distribution unit to transmit the

voice signal to the recipient set of audio transducers.

23. Apparatus according to claim 14, wherein the means {76) for extracting
power comprises means response to a voice control signal for modulating at
least a part of the power extracted for the remote unit, the power transfer
means at the audio distribution unit (10) comprises a constant current source
and the audio distribution unit further comprises means for detecting the
modulation as a corresponding fluctuation of a potential difference between
said grounds to recover the voice signals and relaying the voice signals to one
or more of said sets of audio transducer units, the remote unit further
comprising voice circuitry (102) for converting signals from a microphone (96A)

to produce said voice control signal.

24. Apparatus according to claim 23, wherein the remote unit has a
backlight supplied with current by the power extraction unit and the power
modulating means modulates the backlight current with the voice control

signal.

25. Apparatus comprising an audio distribution unit (10) and a plurality of
sets each of at least one audio transducer (14A(L), 14A(R)} connected by a
signal transmission path to the audio distribution unit, at least one of the sets
of at least one audio transducer being remote from the audio distribution unit
and having a remote unit {34A) associated therewith, the remote unit
comprising voice circuitry (102) for transmitting voice signals from a
micraphone (36A°) via a transmission channel interconnecting the remote unit
and the audio distribution unit, and means (84,90,94) for adding to the signals
at least one address corresponding to one of the sets of audio transducers, and
the audio distribution unit (10) comprises means {104) for extracting the voice
signals from the transmission channel and applying the extracted voice signals
to an input of the audio distribution unit (10), and means {16) for detecting the
address and, in dependence thereon, directing the voice signals to one or more

audio transducer sets other than that from which the voice signals originated.
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26. Apparatus according to claim 25, wherein the means (84,90,94) for
adding at least one address is arranged to add the address of at least one of

the other audio transducer sets .

27. Apparatus according to claim 25, wherein the means {84,90,94) for
adding at least one address adds only the address of the remote unit from
which the voice signal is being transmitted, and the audio distribution unit
comprises means (16,40) for detecting said address and distributing the voice
signal to all audio transducer sets other than that set associated with the

remote unit transmitting the voice signal.

28. Apparatus according to claim 25, wherein said transmission path and

said transmission channel comprise the same medium.

29. Apparatus according to claim 28, wherein said transmission channel
comprises a pair of conductors interconnecting one or more of the audio

transducer units and the audio distribution unit.

30. Apparatus according to claim 4, further comprising an infrared
transmitter coupled to the audio distribution unit for transmitting infrared
control signals for controlling one of the audio sources, and wherein the remote
unit comprises a receiver for receiving, from an infrared remote control device,
infrared signals corresponding to said infrared control signals, generating in
response thereto corresponding source control signals, and transmitting the
source control signals to the audio distribution unit, the audio distribution unit
having means for detecting said source control signals and controlling the
infrared transmitter in dependence thereupon to generate said infrared control

signals.

31. Apparatus according to claim 30, wherein said means for transmitting
said data signals and said means for transmitting the source control signals
transmit their respective signals via the same transmission path but each using

a different form of modulation.
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32. Apparatus according to claim 31, wherein the means for transmitting the
source control signals uses amplitude shift keying (ASK) and the means for

transmitting the data signals uses frequency shift keying (FSK).

33. Apparatus comprising an audio distribution unit (10) having means (11)
for providing audio signals from at least one audio source controllable by
infrared control signals, at least one audio transducer at a location remote from
the audio distribution unit and connected thereto by a signal transmission path,
and a remote unit associated with the audio transducer and connected thereto
by a transmission channel, the apparatus further comprising an infrared
transmitter for transmitting said infrared control signals for controlling said
audio source, and wherein the remote unit comprises a receiver for receiving,
from an infrared remote control device, infrared signals corresponding to said
infrared control signals, generating in response thereto corresponding source
control signals, and transmitting the source control signals to the audio
distribution unit by way said transmission channel, the audio distribution unit
having means for detecting said source control signals and controlling the
infrared transmitter in dependence thereupon to generate said infrared control

signals.

34. Apparatus according to claim 33, wherein the means for transmitting
said data signals and said means for transmitting the source control signals
transmit their respective signals via the same transmission path but each using

a different form of modulation.

35. Apparatus according to claim 30, wherein the means for transmitting the
source control signals uses amplitude shift keying (ASK) and the means for

transmitting the data signals uses frequency shift keying (FSK).

36. Apparatus according to claim 33, wherein said transmission path and

said transmission channel comprise the same medium.
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37. Apparatus according to claim 36, wherein said transmission channel
comprises a pair of conductors interconnecting one or more of the audio

transducer units and the audio distribution unit.

38. An audio distribution unit (10) for the apparatus of claim 4 and having
means (11) for providing audio signals from audio sources, a first ground {1},
a separate second ground (2}, at least one set of output ports (12A...12D)
each having a line terminal and a ground terminal, said set of output ports
including a first output port (12A(L) and a second output port {12A(R)), each
having a line terminal and a ground terminal, having their respective ground
terminals connected to the first ground {1) and second ground (2), respectively,
and their line terminals for connection to a first and a second, respectively, of
a corresponding set of audio transducers, and means (44) for transferring by
way of said first ground (1) and said second ground (2} and said first and
second output ports at least one of power and data signals between said audio
distribution unit {10} and a remote unit (34A) associated with said set of audio

transducers.

39. An audio distribution unit according to claim 38, for use with a plurality
of said sets of at least two audio transducers (14A(L),14A(R),...14D(L),14D(R))
connected to a corresponding plurality of sets of said output ports, and a
corresponding plurality of remote units (34A...34D), each remote unit being
connected to said first ground (1) and secand ground (2) and associated with
a respective one of the sets of audio transducers, the transferring means
(76,80-96) at each of said remote units (34A-34D) comprising means
(84,90,94) for transmitting to said audio distribution unit (10) data signals
including an identifier specific to the set of audio transducers with which that
remote unit is associated, the audio distribution unit {10} further comprising
means (40,44) for receiving said data signals and using said identifier to

identify the remote unit whereby the data signal was transmitted.
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40. An audio distribution unit according to claim 39, for use in apparatus
according to claim 8, further comprising means (40,44) for receiving said data

signals and using said identifier to identify the transmitting remote unit.

41.  An audio distribution unit according to claim 38, for use in the apparatus
according to claim 9, further comprising a third ground (3) separate from both
of the first ground (1) and the second ground (2), and wherein said set of
output ports includes a third output port (12A(C)), and the transferring means
{44") is connected to the first, second and third grounds (1,2,3) for
transference of power to the remote unit (34A’) via one pair of the three
grounds and transference of said data signals via a different pair of the three
grounds (1,2,3).

42, An audio distribution unit according to claim 38, for use in apparatus
accaording to claim 10, further comprising a third ground {3) separate from the
first ground (1) and second ground (2) and further comprising a second set of
said output ports (12B(L}, 12B(R)) each having a ground terminal and a line
terminal, the second set of output ports included one port {12B(L)) with its
ground terminal connected to the first ground (1) and another port (12B(R})
with its ground terminal connected to the third ground (3), drive terminals of
one of the audio transducers (14B(L)) of the second set of audio transducers
being connected to said one port (12B{L)}} and drive terminals of a second audio
transducer (14B(R)} of said second set being connected to said another output
port {12B(R)), and wherein the transferring means (44,44/2) is connected also
between said first ground (1) and said third ground (3) for transferring either
or both of power and data signals also between said audio distribution unit (10)
and said second remote unit (34B), the audio distribution unit further
comprising means {40} for determining the set of audio transducers to which

a particular one of said data signais relates.

43. An audio distribution unit according to claim 42, for use in apparatus
according to claim 10, wherein the transferring means (44,44/2) comprises a

first interface unit and a second interface unit coupled to the first and second
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sets of output ports, respectively, and to different pairs of the first, second and
third grounds (1,2,3}, the determining means (40) determining the set of audio
transducers according to the interface unit whereby the data signal is

communicated.

44. An audio distribution unit according to claim 38, for use in apparatus
according to claim 12, further comprising receiver means (72) coupled to said
grounds for receiving said data signals and means (40) responsive to said data
signals for controlling operation of said audio distribution unit (10} in

dependence thereupon.

45. An audio distribution unit according to claim 38, for use in apparatus
according to claim 13, wherein the transferring means (44) comprises

transmitter means (50,66) for transmitting data signals via said grounds.

46. An audio distribution unit according to claim 38, for use in apparatus
according to claim 14, wherein said transferring means (44) comprises means
{54) for establishing a potential difference between the pair of grounds used for

power transfer .

47. An audio distribution unit according to claim 38, for use in apparatus
according to claim 15, further comprising a preamplifier unit (16) and one or
mare power amplifier units (22A...22D), each connected to a corresponding set
of audio transducers by way of the corresponding set of output ports
(12A...12D), the or each audio power amplifier unit (22A...22D) comprising a
first power amplifier (24A(L)...24D(L)}), a second power amplifier
(24A(R)...24D(R}) and a coupling device {32A...32D), the first power amplifier
(24A(L)...24D(L)) having a ground terminal and an output terminal connected
to, respectively, the ground terminal and line terminal of one {12A(L)...12D(L))
of the set of output ports, the ground terminal being connected also to said
first ground (1), and an input terminal (21A(L)...21D(L)} connected to a first
audio output port {20A(L)...20D{L)) of the preamplifier unit {16}, the second
power amplifier (24A(R)...24D(R)) having a ground terminal and an output
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terminal connected to, respectively, the ground terminal and line terminal of
another (12A(R)...12D(R)) of the set of output ports, said coupling device
(32A...32D) connecting a second audio output port (20A(R)...20D(R)}) of the
preamplifier (16) to an input {22A(R)...22D(R) of the second power amplifier
(24A(R)...24D(R)).

48. An audio distribution unit according to claim 47, for use in apparatus
according to claim 16, wherein the or each coupling device {(32A...32D)
comprises a differential amplifier having a signal output terminal and an output
ground terminal connected to, respectively, an input (22A(R)...22D(R)) of the
second power amplifier {24A(R)...24D(R)}) and said second ground {2), a first
input terminal connected to said first ground {1), and a second input terminal
connected to said second audio output port (20A(R)...20D(R)) of the

preamplifier unit (16).

49. An audio distribution unit according to claim 47, for use in apparatus
according to claim 17, wherein the or each coupling device (32A’) comprises
an isolation amplifier having an input connected to said second audio output
port (20A(R)) of the preamplifier unit {16), and an output connected to an input
{22A(R) of the second paower amplifier (24A(R).

50. An audio distribution unit according to claim 47, for use in apparatus
according to claim 18, wherein the coupling device (32A) comprises a capacitor
connected between said second audio output port (20A(R)) of the preamplifier

unit (16) and an input of the second power amplifier (24A(R)).

51. An audio distribution unit according to claim 38, for use in apparatus
according to claim 19, and comprising means for detecting, between said

grounds, signals corresponding to infrared signals received by the remote unit.

52. An audio distribution unit according to claim 39, for use in apparatus

according to claim 20, further comprises means (16) for relaying the voice
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signals to one or more of said sets of output ports for said audio transducer

units.

53. An audio distribution unit according to claim 52, for use in apparatus
according to claim 21, further comprising means for detecting said address and
broadcasting the voice signals to audio transducer sets other than that from

which the voice signals originated.

54. An audio distribution unit according to claim 52, for use in apparatus
according to claim 22, further comprising means {40,16) for detecting the
address and controlling the audio distribution unit to transmit the voice signal

to the recipient set of audio transducers.

55. An audio distribution unit according to claim 46, for use in apparatus
according to claim 23, wherein the power transfer means (10) comprises a
constant current source and the audio distribution unit further comprises means
(40,16) for detecting the modulation as a corresponding fluctuation of a
potential difference between said grounds to recover the voice signals and
relaying the voice signals to one or more of said sets of output ports for the

audio transducer units.

56. An audio distribution unit (10) for use with a plurality of sets each of at
least one audio transducer (14A(L}, 14A(R}} connected by a signal transmission
path to the audio distribution unit, at least one of the sets of at least one audio
transducer being remote from the audio distribution unit and having a remote
unit (34A) associated therewith, the remote unit comprising voice circuitry
(102) for transmitting voice signals from a microphone (96A°) via a
transmission channelinterconnecting the remote unit and the audio distribution
unit, and means {84,90,94) for adding to the signals at least one address
corresponding to one of the sets of audio transducers, said audio distribution
unit {10) comprising means (104) for extracting the voice signals from the

transmission channel and means (16) for detecting the address and, in
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dependence thereon, directing the voice signals to one or more audio

transducer sets other than that from which the voice signals originated.

57. An audio distribution unit according to claim 56, wherein the detecting
means (16,40) is arranged to detect said address of at least one of the other

audio transducer sets and direct said voice signals thereto.

58. An audio distribution unit according to claim 57, wherein the means
{16,40) for detecting said address is arranged to distribute the voice signal to
all audio transducer sets other than that set associated with the remote unit

transmitting the voice signal.

59. An audio distribution unit according to claim 38, for use with a remote
unit comprising a receiver for receiving, from an infrared remote control device,
infrared signals corresponding to said infrared control signals, generating in
response thereto corresponding source control signals, and transmitting the
source control signals to the audio distribution unit, the audio distribution unit
having an infrared transmitter coupled to the audio distribution unit for
transmitting infrared control signals for controlling one of the audio sources,
and means for detecting said source control signals and controlling the infrared

transmitter in dependence thereupon to generate said infrared control signals.

60. An audio distribution unit according to claim 59, wherein said receiver
is arranged to receive and demodulate both said data signals and said source

control signals.

61. An audio distribution unit according to claim 60, wherein the receiver
comprises means for demodulating said source control signats modulated using
amplitude shift keying (ASK) and said data signals modulated using frequency
shift keying (FSK).

62. An audio distribution unit (10) having means (11) for providing audio

signals from at least one audio source controllable by infrared control signals,
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and configured for use with at least one audio transducer at a location remote
from the audio distribution unit and connected thereto by a signal transmission
path, and a remote unit associated with the audio transducer and connected
thereto by a transmission channel, the remote unit comprising a receiver for
receiving, froman infrared remote control device, infrared signals corresponding
to said infrared control signals, generating in response thereto corresponding
source control signals, and transmitting the source control signals to the audio
distribution unit by way of said transmission channel, the audio distribution unit
having an infrared transmitter for transmitting said infrared control signals for
controlling said audio source, and means for detecting said source control
signals and controlling the infrared transmitter in dependence thereupon to

generate said infrared control signals.

63. An audio distribution unit according to claim 62, wherein the receiver
comprises means for receiving both said data signals and said source control

signals via the same transmission path.

64. An audio distribution unit according to claim 62, wherein the receiver
comprises means for demodulating said source control signals modulated using
amplitude shift keying (ASK) and said data signals modulated using frequency
shift keying {FSK).

65. An audio distribution unit according to claim 38, in an assemblage with

one or more of said remote units.

66. Apparatus according to claim 1, wherein the remote unit (34A...34D)
comprises infrared receiver means (106) for receiving an infrared signal from
a separate control unit (107) and transmitter means (84,90,94) for transmitting
corresponding signals to the audio distribution unit (10), and the audio

distribution unit comprises means for detecting said corresponding signals.

67. Apparatus according to claim 1, wherein the remote unit (34A...34D)

comprises voice circuitry (102) for converting signals from a microphone (96A°)
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into voice signals for transmission to said audio distribution unit {10} and the
audio distribution unit (10) further comprises means (16) for relaying the voice

signals to one or more of said sets of audio transducer units.
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A mobile wirgless communication terminal
includes a wirgless communication
module and a contralier. The wirelass
communication module is configurad o
communicate with other communication
tarminals over a wireless interface. The
controfier is configured 1o establish a
connection with a participant wirelass
communication terminal via the wirgless
communication module, o mainiain a play
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A SYNCHRONIZATION SERVICE FOR A DISTRIBUTED OPERATING SYSTEM OR THE LIKE

This invention relates generally to the field of
computers, and more specifically to a synchroniza-
tion service for use with computers.

Background of the Invention

As computing tasks increase in size and com-
plexity, one approach to speed up the execution of
these tasks is to use distributed programs. A dis-
tributed program can be defined as a computer
program which is partitioned into muitiple concur-
rent components which execute on separate pro-
cessing sites which do not share a common mem-
ary.

In this context, the term "program™ is used to
imply a global objective (i.e. common goal). Each
component (or portion) of the program performs
some portion of the overall activity required to
attain this common goal. Thus, a distributed pro-
gram represents a set of (functionalily) tightly-coup-
led compaonents operating in a (physically) loosely-
caupled environment.

Asynchronous operation of concurrent coop-
erating activities results in the time-dependencies
and race conditions which can lead to errors. For
example, two processes attempting fo simuita-
neously update a shared variable may interfere
with each other so that an incorect value is as-
signed to the variable. The solution to such prob-
lems is through synchronization. Synchronization
can be defined as the organization of actions and
interactions of a system of concurrent asynchro-
nous entities for the purpose of achieving some
common objective.

One exampie of a distributed computer system
is the case of a replicated database where each
copy of the database is on a separate processing
element. When a change is made to one copy then
this change must be propagated to all the others if
consistency is to be maintained. This involves syn-
chronization. The situation may be compiicated fur-
ther if two or more conilicting changes are initiated
simultaneously on different copies. In that case
synchronization is required not only to ensure that
all copies end up in the same state but also that
the resulting state is valid. Other situations where
synchronization is necessary include the restoration
of the current state to new or recovering copies
and the handling of failures.
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Distributed synchronization can aiso be useful
in standby schemes where redundant components
are configured for greater system availability. In
this case the compnoents have fo agree as to
which will be the active and which the standby
components and must also arrange for proper
switchover in case of failures. 7

The cited examples illustrate the diverse ways
in which synchronization is used in distributed sys-
tems. As can be expected, different applications
can have diiferent demands on synchronization:
some may require fast response while others may
place more emphasis on reliability and fault toler-
ance. This indicates that the choice of the most
suitable synchronization technique and tis imple-
mentation can only be made if the particular needs
of the application are considered.

Unfortunately, in a large system supporting
many different types of distributed application pro-
grams, leaving synchronization entirely to the ap-
plication program could resuit in excessive duplica-
tion of effort, unreliable design, and suboptimal
utilization of resources. Even worse, perhaps, is the
possibility that the relatively complex issue of syn-
chronization could dominate the design to such an
extent that functional concerns are neglected. From
that point of view a trusted, system-based, syn-
chronization facility is preferred.

There are several important characteristics of
distributed programs which make them significantly
more difficult to design and implement compared
o conventional non-distributed programs:

(1) Concurrent execution. This means that
there is no single sequential conirol thread such as
represented by the execution trace of a non-distrib-
uted program. Concurrency introduces fiming de-
pendencies among the system components which
can lead to deadlocks or instability.

(2) Significant communication delays. The
exchange of information between components of a
distributed program involves non-negligible and
randomly-distributed transmission delays. If these
delays are comparable t0 the rate at which the
components change state, the system may be-
come unstable.

~ {3) Partial failure modes. Failures of distrib-
uted components require compiex detection and
recovery algorithms which are difficult to design
and verify. Two types of partial failures exist:

- Communication path failures can result in the
duplication, temporal reordering, or total loss of
information being exchanged; and

-Processing component failures (hardware and soft-
ware) lead to temporary loss of functionality.
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The recovering action for each type of failure is
quite different. Unfortunately, It is often difficult to
distinguish them on the basis of the abserved
symptoms.

From the definition of synchronization it can be
seen that the need for synchronization is deter-
mined by the shared objective of the cooperating
distributed entities. This common objective places
interdependencies on the individual entities so that
a change in the state of one necessitates appro-
priate changes (reactions) in others. This can be
expressed as a requiresment to preserve certain
application-dependent  state consistency con-
straints. The problem of maintaining consistency is
further complicated by the fact that each entity, in
addition to internal interactions, is aiso exposed to
independent interactions with the environment.
(The environment consists of other distributed
components which do not share the same objective
as the synchronized system, but which use it for
their own purposes). This means that the stimulus
to change state can occur simuitaneously in two or
more synchronized entities. The synchronization
problem can then be viewed as one of ordering
cancurrent interdepenent activities.

The simplest form of ordering which guaran-
tees consistency is serialization: the execution of
activities one at a fime. Although synchronization
strategies exist which are not based on serializa-
tion, they will not be considered here due to their
relative complexity.

Two basic, and not necessarily exclusive,
classes of strategies exist for achieving serialization
in distributed systems;

(1) Centralized strategies.

In this case, the ordering of activities is per-
formed by a unique distinguished entity. Synchro-
nized entities, with externally induced work re-
quests, first approach the distinguished entity for
permission. This entity resolves concurrent re-
quests by granting a right to only one of the
competing entities. When that entity completes its
work, the right is granted to another entity, and so
on.

A major feature of this type of scheme is that
there is a single point of control. This allows the
implementation of relatively complex yet reliable
and efficient scheduling algorithms. Examples of
centralized strategies can be found in A Decentral-
ized Control Method in a Distributed System by
J.P. Cabanel et al, Proceedings 1st Ceonference,
Distributed Proc. Systems, Huntsville, Al, 1979 and
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in A Failure Tolerant Centralized Mutual Exclusion
Algorithm by G. N. Buckley et al, Proceedings 4th
Conference, Distributed Computer Systems, San
Francisco, Ca. 1984.

(2) Distributed strategies.

in this case, there is no central scheduler.
Instead, ordering is accompiished through distrib-
uted agreement. Key to this scheme is a shared
"clock™ (logical or physical). This is generally a
monotonically increasing numeric variable which is
maintained consistently by all the synchronized
entities. Work requests are timestamped with the
clock value at the time of amival and then pro-
cessed in order. However; because two or more
requests can be concurrent (i.e., they have the
same timestamps), ties are resolved through group
negotiation: a new work request is first broadcast to
all other entities which respond either with a simple
acknowledgement or a work request of their own.
Once an entity is aware of all concurrent work
requests within the group, it orders them according
to some tie-breaking rule and then processes them.
Since each entity uses the same ordering algorithm
each will perceive the same sequence of events as
all the others.

The distinguishing feature of distributed strat-
egies is that operation does not depend on a single
critical entity at any time. This makes them very
fault-tolerant. However, they are generally less effi-
cient than centralized strategies when the number
of entities to be synchronized is large. Examples of
distributed strategies can be found in Time, Clocks,
and the Ordering of Events in a Distributed System
by L. Lamport, Comm. ACM, (21,7), July 1978, in
An Algorithm for Maintaining the Consistency of
Muitiple Copies by D. Herman et al, Proceedings,
ist Confersnce Distributed Proc. Systems, Hunts-
ville, Al., 1979 and in Synchronization in Distributed
Programs by F.B. Schneider, ACM Transactions on
Prog. Lang. & Syst, (4,2), April, 1982.

Combinations of these two forms, such as the
circulating sequencer proposed in Algorithms for
Distributed Data Sharing Systems Which Use Tick-
ets by G. Le Lann, Proc. 3rd Berkeley Workshop
on Dist. Data, Aug. 1978, are possible. In that -
scheme, a centralized controller is used to control
the clock used for timestamping. (Although the
controller function is circulated among the distrib-
uted entities, at any given time it is performed by
only one entity.) The ordering of activities is then
done in a distributed fashion, based on timestamp
values and a tie-breaking rule.
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The following: patents depict examples of dis-
tributed: processing: in general; and attention is di-
rected to thenm. U.S. patentt 3411,139 dated No-
vember 12, 1968 by J:T. Lynch et af; U.S. patent
3631405 dated: Decembier 28, 1971 by G.S. Hoff
et al; U.S: patent' 3,771,137 dated November 6,
1973 by R:P. Barner et al; and U.S. patent
4,115,866 dated September 19, 1978 by J.L.G.
Janssens et al.

Summary of the: Invention

One objective: of the Synchronization Service of
the: present invention is toc provide a set of
applicatian-independent capabifities which would
allow the construction of specific synchronization
strategies belonging to the categories listed above.
To do this it must incorporate the essential absiract
features of those sirategies. These are defined in
the form of a general synchronization paradigm
described in a following section.

Because of concurrent execution and the pos-
sibility of partial failures, it is necessary to closely
synchronize the operation of the distributed compo-
nents of a program. Synchronization can be de-
fined: as the ardering: of actions and interactions of
comparents im & distributed program so that the
staie of each component remains consistent with
the common goal.

Experience with concurrent systems has shown
that the synchreonization prablem is difficult to solve
even for non-distributed: situations; the number of
possible component interactions is usually very
large, increasing the probability of a design error.

A further difficulty is caused by the fact that no
single synchronization strategy is adequate for all
distributed programs. f multiple distributed pro-
grams are to be supported on a system, this
means that the synchronization problem may have
to be solved in many different ways.

Given the diversity of synchronization strat-
egies and the difficulty of implementing them, is it
possible to provide some assistance to designers
of distributed programs to increase the reliability of
their designs?

The approach to this problem, presented by
the present invention, consists of providing a set of
primitive synchronization operators at the level of a
distributed operating system. Such operators can
be used to construct more complex forms of syn-
chronization customized to different applications.
This approach has the following advantages:

-It provides a one-time trusted implementation of
common mechanisms;

-lt does not favour any particular synchronization
strategy which would favour some applications but
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penalize others;

-It provides a systematic framework (programming
model) for designing and implementing distributed
programs.

The operating system component which imple-
mentis the synchronization primitives (operators) is
called the Synchronization Service.

The essential idea behind the Synchronization
Service is that the synchronization probiem can be
tackled hierarchically. Each level in the hierarchy
may have different synchronization mechanisms
based on the synchronization facilities of the levels
below. The lower leveis of this hierarchy can be
designed to be application-independent and can
therefore be provided as a reliable system service.
This, in turn, increases the reliability of programs
and reduces development time.

This approach to distributed synchronization
atiempts to decompose the synchronization prob-
lem. At the lowest level of decomposition a general
set of application-independent synchronization
primitives is defined. These are provided by the
distributed operating system in the form of a syn-
chronization service 10. By themselves the primi-
tives are insufficient to provide synchronization.
However, they can be combined in different ways
to realize customized synchronization strategies.
This leaves the ultimate responsibility for synchro-
nization with the application program, but in a
much simplified form. The role of the synchroniza-
tion service 10 is to hide many of the more basic
housekeeping functions inherent in distributed syn-
chronization. For instance, all fault-tolerant synchro-
nization schemes require a monitoring function to
keep track of the operational status of all relevant
distributed components. The present invention con-
solidates such a function as a system service
where it can be shared by many application pro-
grams.

Stated in other terms, the present invention is a
general service, provided within a distributed op-
erating system, which can be used by application
and system programs to implement synchroniza-
tion between program components that are phys-
ically distributed.

Stated in other terms, the present invention is a
synchronization service for use with a computer
having a distributed operation system, to allow the
construction of a customized synchronization -
scheme, for synchronizing the constituent portions
of a distributed program, the service comprising: a
general set of application-independent synchroniza-
tion primitives, whereby the construction of the
customized synchronization scheme is achieved by
the selective implementation of the application-in-
dependent synchronization primitives.
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Stated in yet other terms, the present invention
is a synchronization service for use with a com-
puter having am aperating system distributed over a
plurality of pracessing elements, to allow the con-
struction of & customized synchronization scheme,
for synchronizing the constituent components of a
distributed program, the service comprising the
steps of:

a) joining a program component on a fist
processing element to a group of existing program
components orr at least a second processing ele-
ment so that each of the existing components is
aware of the present and location of the joining
components;

b) informing each member of the group of
physically distributed program components when
one or more components which are members of
the group, depart from it;

c) selecting, as a distinguished member, one
program companent from a group of distributed
program companents such that, within the group,
there is never more than one distinguished mem-
ber; and

d) providing mutually exclusive rights to the
group of distributed program components such that
no more than one caomponent can appropriate a
given right at any time.

Stated in still other terms the present invention
is a synchranization service, for use with a com-
puter having an operating system distributed over a
pluraiity of processing elements, to allow the con-
struction of customized synchronization schemes
for synchronizing the constituent components of a
distributed program, the service including a syn-
chronization master control comprising: master
control means for activating the synchronization
service; polling means for polling the processing
elements associated with the components of the
distributed program so as to monitor the status of
the processing elements; control means for joining
new members to the group, and for handling de-
partures of members from the group; and a
database means containing information representa-
tive of the current siate of the synchronization
service at a given point in time.

Brief Description of the Drawings

The present invention will now be described in
more detail with reference {o the accompany draw-
ings, wherein like parts in each of the severai
figures are identified by the same reference char-
acter, and wherein:

Figure 1 depicts a simplified block diagram
of the synchronization service of the present inven-
tion;
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Figure 2a is similar to Figure 1 but is for one
specific embodiment thereof;

Figure 2b is a variation on the embodiment
of Figure 2a;

Figure 2c is similar to Figure 2b;

Figure 3a is a chart depicting the primitives
and corresponding replies employed by the inven-
tion; '

Figure 3b is a symbolic representation of the
constituent tasks of synchronization master control
of Figure 1;

Figure 3¢ is a symbolic representation-of the
constituent tasks of member agent 11 of Figure 1;

Figure 4 is a simplified functional flow dia-
gram for a database;

Figure 5 is a simplified functional flow dia-
gram for a database;

Figures 6 to 8, 9a, 9b, and 10 to 13 inClusive
represent action sequences helpful for understand-
ing the operation of the present invention; and

Figure 14 is a simplified representation of
the useage dependencies helpful in understanding
the operation of the present invention.

Detailed Description

Synchronization service 10 is based on & gen-
eral distributed program paradigm. This paradigm
is represented by the concept of synchronization
groups. A synchronization group is a set of distrib-
uted program components called "members”, and
referred to by the reference character 18, which
cooperate to achieve a common objective. Note
that members 18 are not a part of synchronization
service 10, but they use synchronization service
10.

in other words, the distributed operating sys-
tem 15, to which synchronization service 10 is
applied, will support both distributed application
programs and distributed system programs. Both
the distributed application and system programs
consist of several program components (called
members 18) which in turn consist of subcom-
ponents cailed tasks. In synchronization service 10
there is one synchronization group for each distrib-
uted application or system program.

A primitive synchronization operator has effect
only within the domain of a particular synchroniza-
tion group. Synchronization groups, therefore, en-
capsulate units of tightly coupled distributed func-
tionality. Of course, synchronization service 10 al-
lows many “synchronization group to coexist on a
single distributed operating system 15.

The basic construct of synchronization service
10 is the synchronization group representing a set
(i.e., a system) of distributed entities which are
tightly coupled to each other in some way. The

LINKPLAY EXHIBIT 1004
Page 1554 of 4822



g 0251 584 10

state and action dependencies which bind these
entities are not specified at this level sa that syn-
chronization groups are decoupled fram. application
semantics.

Formally;, & synchronizatior group i & set of
components, called members 18, in which: each
group ideally has the following properties:

(1) Uniqueness: There can be any number of
synchronization groups in a larger system but each
synchronization group is distinguished from all oth-
ers by a unique synchronization gruop identifier.

(2) Physical distribution: Each member of a
synchranization graup exists on a different pro-
cessing element 12. (This is simply a matter of
convenience: exiending the concept of synchra-
nizatiom groups to logically distributed: entities is
possible). Note that there are no restrictions con-
ceming the number of synchronization groups
which may have members 18 on a particular pro-
cessing element 12. This means that two or more
synchronization groups can . overlap in physical
space.

(3) Reliable communication: Communication
between any pair of members 18 is non-lossy, non-
dupiicating, and order-preserving. Furthermore, full
connectivity is assumed; i.e., each member 18 can
communicate directly with alt other members 18. K
the physical system does not have these properties
then it is assumed that an underlying communica-
tion service exists which provides them. The intent
here is to isolate communications issues from syn-
chronization issues.

(4) Dynamic behavior: Members 18 can de-
part or join the synchronization group at any time
and independently of each other. (The group exists
as long as at least one member 18 exists.) Depar-
tures may be either application-driven or due to
processing element 12 failure. This property cap-
tures the dynamic nature of real-world components.

(5) Mutual exclusion: Each synchronization
group maintains a set of shared objects called
rights, each of which can be either free or asso-
clated with at most one member 18. They are
functionaily equivalent to semaphores (reference:
E.W. Dijkstra, Cooperating Sequential Processes,
Technical Report EWD-123, Technological Univer-
sity, Eindhoven, 1865) but for a distributed environ-
ment. (However, a member 18 can hold more than
one right at a time.) A departing member 18 cannot
abscond with a right since any rights it holds are
automatically freed. In essence, rights are a gen-
eral mechanism for distinguishing between group
members 18. The assignment of functional signifi-
cance to rights is up to the application.

(6) Distinguished member: One and only one
member 18 of every synchronization group is des-
ignated as its distinguished member. The appoint-
ment is made at random and is transferred to
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another member 18 if the current distinguished
member 18 departs. This property is intended to
serve those synchronization strategies which re-
quire a central coordinator although synchronization
service 10 makes no assumpfions regarding the
functionat significance of the distinguished member
18. (Note that the distinguished member feature is
simply a special case of the mutual exclusion prop-
erty but has been singled out purely for conve-
nience.) Since the selection and preservation of a
distinguished member 18 is by synchronization
service 10, application programs need not imple-
ment their own election algorithms.

A synchronization group represents a unit of
synchronization. The facilities of the synchroniza-
tion service 10 (described later) are all limited in
scope to the respective synchronization group.

The synchronization problem is often formu-
lated as a problem of maintaining data consistency
in a dynamic environment. From that point of view,
the synchronization service 10 ensures consistency
of the folowing information sent to members 18:

(1) current membership list;

(2) the identity of the distinguished member;
and

(3) the status of all group rights.

This information is maintained consistently and
correctly in the face of continual departures and
arrivals of members 18.

The concept of synchronization groups does
not encompass application program-level consis-
tency; that is the responsibility of the application
program. Instead, a synchronization group main-
tains a consistent view (on all its members 18)
concerning the status of iis objects: the list of
active members 18, the status of rights, the distin-
guished member designation. These responsibil-
ities are therefore removed from the view of the
application program.

Figure 1 depicts a simpilified block diagram™of
synchronization service 10 of the present invention.
A distributed application program, structured as a
synchronization group, typically has members 18
(i.e. distributed program components) which are
physically distributed across two or more process-
ing elements 12a....12n (referred to collectively as
processing elements 12). In the implementation of
Figure 1, the structure of synchronization service
10 matches the structure of the synchronization
group by providing a local synchronization controi-
ler, i.e. member agent 11, for each group member
18. Thus, there is a separate implementation of
synchronization service 10 for each application pro-
gram; note, however, that there is only one syn-
chronization master control 13 regardiess of how
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many implementations, and only ane synchroniza-
tion agent 14 per processing element 12. Each
implementation is functionally independent of the
athers. ’

Note that the graup of processing elements 12
together with processing element 19 form part of
the distributed computing environment (.e. distrib-
uted operating system 15) which synchronization
service 10 is designed to synchronize. Not also
that each processing element 12 may have a plu-
rality of member agents 11, and that processing
element 19 may be combined witr one of the
processing elements 12.

Member agents 11 provide the main interfacs
to the synchranization service 10. Application pro-
gram components (i.e. members 18) initiate syn-
chronization activities by invoking the desired syn-
chronization primitives (to be described later). This
is communicated to the local member agent 11
which then interacts with other member agents 11
in order to effect the specified synchronization
function. The member agent 11 also informs the
members 18 of synchronization requests initiated
by other membaers 18 as well as group events such
as the failure of active members 18 and the joining
of new ones.

Member agents 1T are dyrmamic entities which
follow the dynamics of the application programs
they serve. A member agent 11 is created (by the
local synchronization agent 14) when an application
program component (i.e. member 18) requests to
be synchronized: with ather members 18 in a syn-
chronization group. It is destroyed when the mem-
ber 18 is unsynchronized.

To ensure coherent behaviour of synchroniza-
tion service 10, control of the individuat implemen-
tations of the service 10 is centralized. This is done
through a three-level hierarchy with a unique mas-
ter controller at the top (i.e. synchronization master
control 13), an intermediate layer of controllers in
the middle (i.e. synchronization agents 14a to 14n,
referred to collectively as synchronization agents
14), and a layer of member agents 11 at the
bottom. This hierarchy allows a decomposition of
the control probiem into smaller mare comprehen-
sive subprobiems. Note from Figure 1 that there is
one synchronization agent 14 for each processing
element 12, and it controls all the member agents
11 in that processing element 12.

Figure 2a is similar to Figure 1, but depicts a
specific embodiment of the synchronization ser-
vice, referred to by reference character 100 as
applied to distributed operating system 115. In
Figure 2a there is a synchronization master control
13 on processing element 119, three processing
elements 112a, 112b, and 112c, three synchroniza-
tion agents 14a, 14b, and 14c, along with six mem-
bers 18a to 18f along with their corresponding
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member agents 11a to 11f respectively. In the
distributed computing example of Figure 2a, pro-
cessing elements 112a, 112b, 112c and 119 are
each an IBM PC-AT. Note that the members 18z to
18f inclusive are not part of synchronization service
100 while everything else shown in Figure 2a is.
Members 18a to 18f inciusive use the synchroniza-
tion service 100. Note also that there is another
synchronization master conirol (not shown) on stan-
dby.

Figure 2b is similar to Figure 2a, but is further
simplified and depicts only those items that con-
stitute one impiementation of synchronization ser-
vice 100 (i.e. implementation 100a). That is, mem-
bers 18a and 18e (Figures 2a and 2b) form one
synchronized group. Members 18b, 18c, 18d, and
18f (Figure 2a) form at least one other synchro-
nized group.

Figure 2c is a simplified application to exem-
plify synchronization service 100a of Figure 2b. In
Figure 2c the hardware implementating synchro-
nization service 100a is a group of IBM personal
computers of the AT series, linked by an IBM LAN
(local area network) 228. That is, processing ele-
ment 112a is an IBM PC-AT computer 212a, pro-
cessing element 112b is an IBM PC-AT computer
212b, and processing element 119 is an IBM PC-
AT computer 219,

In Figure 2c, computer 212a is a telephone
operator's workstation as is computer 212b. The
application in Figure 2c is to maintain a telephone
directory and to allow the user at both computers
212a and 212b to have access to the telephone
directory, to access it to determine an individual's
telephone number, and to be able to update the
telephone directory as changes occur. Computer
219, in this example, handles the tasks of synchro-
nization master control 13 and database 16 (Fig.
2b)

Returning now to the general case of Figure 1,
the role of synchronization master control 13 is to
provide internal synchronization between the com-
ponents of the local synchronization service 10. In
essence, it performs those functions where a con-
sistent (but not necessarily correct) view of the
system 15 is required. More precisely, synchro-
nization master control 13 is responsible for:

(1) Activation of synchronization service 10.

This is done by activating the synchronization
agents 14 as the processing elements 12 are re-
started.
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(2) Monitoring of processing elements 12.

This function involves observing (palling) the
status of all processing elements 12 by commu-~
nicating with locat synchronization agents 14 Anmy
changes in these states are detected by synchro-
nization master control 13 and appropriate notifica-
tions are dispatched to the synchronization service
components affected by the change.

(3) Management of synchronization groups.

synchronization master control 13 is the centrat
arbiter for all synchronization groups in the local
synchronization service 10. It is involved in han-
diing transient conditions which occur in group
operation:

-group establishment,

-joining of new members 18, and

-departures of joined members 18.

Note that synchronization master control 13 does
not participate in the steady-state operation of syn-
chronization groups and, consequently, is not nor-
mally a performance bottleneck.

Synchronization master control 13 must be
highly fauli-tolerant since synchronization service
10 may be used to implement standby schemes by
applications. For that reason it is backed up by at
least one other .instance operating in standby
mode. If the currently active synchronization mas-
ter control 13 fails, the standby will take its place.
Because this is the Synchronization Service, the
selection of an active synchronization master con-
trol 13 from the set of instances must be done
through an internal agreement (glection). This is the
oniy place in the entire system where the synchro-
nization service 10 cannot be used for such a
purpose. However, in this case, the problem occurs
in a very specific context and can be solved in a
specific way (for example, by using a bully al-
gorithm for a distributed election as described in
Elections in a Distributed Computing System by H.
Garcia-Molina, IEEE Trans. on Computers, (G-
31,1), Jan. 1982).

Once the active synchronization master control
13 has been selected, the standby resorts to a
monitoring mode in which it periodically polis the
active instance until a failure is detected.

Since a standby is used, following a failure of
the synchronization master control 13, its previous
state must be reconstructed on the standby, prefer-
ably without involving the application program. This
can be achieved through the information kept by
the synchronization agents 14. As a consequence,
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except for slightly extended service times due to
the recovering process, application programs are
unaware of synchronization master control 13 fail-
ure.

SYNC MASTER TASK

The Sync Master Task 20 is the root task (i.e.
program) of the synchronization service 10 control
hierarchy. It provides the central control point for all
synchronization groups. It consists of four main
subcomponents as depicted in Figure 3b and is
located within synchronization master control 13.
The four main subcomponents of the Sync Master
Task 20 are as follows:

SYNC MASTER CONTROL 21 establishes and
maintains the operational state of the Sync Master
Task 20. This includes the Sync Master recovery
algorithm. Sync Master Conirol 21 consists of the
main procedure of the Sync Master Task 20.

POLLING CONTROL 22 is responsible for de-
tecting failure of processing elements 12. This sub-
component sends periodic messages to all syn-
chronization agents 14. If a reply is not received
within a certain time interval (after several refries
have been attempted) the corresponding process-
ing element 12 is declared as failed and a nofifica-
tion is sent to all remaining synchronization agents
14. This subcomponent is implemented within the
Sync Master Task 20.

SYNC AGENT CONTROL 23 deals with events
which occur at the processing element 12 level.
This subcomponent is responsible for activating
newly-recovered synchronization agents 14 as well
as for accepting notifications, from the synchroniza-
tion agents 14, about the arrivais and departures of
group members 18. These are then relayed to the
appropriate Group Control 24. This' subcomponent
is also implemenied within the Sync Master Task
20.

GROUP CONTROL 24 handles events which
are relevant to one group. This includes the joining
and departure of group members 18. The Group
Control function is implemented by the Group Mas-
ter Task 25. There is one such task 25 for each
synchronization group. Tasks 25 are created dy-
namically by the Sync Master Task 20.

The tasks comprising the Sync Master Task 20
maintain a shared detabase 16 (Figure 1) which
represents a snapshot of the current state of the
synchronization service 10. This database is de-
scribed later.
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SYNCHRONIZATION AGENT

A synchronization agent t4 resides in the con-
trot program of each processing element 12 which
requires synchronization service 1@ and it is the
sole representative of the Sync Master Task 20 i
that processing element 12. The synchronization
agent 14 has the following responsibilities:

-It accepts SYNCHRONIZE directives and creates
corresponding member agents 11.

-it monitors the status of all active member agents
11 on its processing element 12 and detects their
disappearance (spontansous or planned).

-it notifies the synchronization master control 13 of
all changes (arrivals and departures) of Member
Agents 11 on its processing element 12.

The synchronization agent 14 is implemented by
the Sync Agent Task which is part of the operating
system 15 on the corresponding processing ele-
ment 12.

The synchronization agents 14 are permanent
representatives of synchronization master control
13 within their host processing slement 12. They
have three main purposes:

(1) Synchronization agents 14 are a focal
point for controliing all member agents 11 within a
single processing element 12. This reduces the
load on synchronization master conirol 13 which
simply sends common control information to syn-
chronization agents 14 for distribution to local
member agents 11.

(2) Synchronization agents 14 isolate mem-
ber agents 11 from the effects of synchronization
master control 13 failures. All communication be-
tween the synchronization master control 13 and
Member Agents 11 is channeled through the syn-
chronization agents 14. If the synchronization mas-
ter control 13 is temporarily unavailable (due to
failure), the synchronization agents 14 will hold
member agent 11 messages destined for the syn-
chronization master control- 13 until the latter is
reinstated. In this way failures of the synchroniza-
tion master control 13 are masked from member
agents 11 and hence the applications.

(3) Synchronization agents 14 participate in
the recovery of the synchronization master controi
13. When a synchronization master control 13 is
being reinstated it can reconstruct its operational
state simply by querying all the synchronization
agents 14. This is much faster and more reliable
than querying the member agents 11 since these
are more dynamic and more numerous.

The synchronization master control 13 main-
tains a database 16 (Figure 1) which represents the
current state of the synchronization service 10 with-
in the system 15. The database can be accessed
through two keys:

-by group identifier --for access to the data for a
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particular synchronization group, and

-by processing element identifier ~for access to
synchronization service components located on a
particular processing element 12.

The basic structure used is the linked list of
dynamically allocated control blocks, each bilock
corresopnding {0 some synchronization service
component. This represents a irade-off between
the requirement to minimize storage costs and the
need for fast access to the data.

The next section describes the operation of the
internal mechanisms used to achieve the synchro-
nization functions. in the following discussion the
communication between member agents 11 is as-
sumed to be reliable; i.e., it is non-lossy, non
duplicating, and order preserving. ¥ the commu-
nication medium is unreliable an underlying reliabie
communication service provided within the distrib-
uted operating system can be used.

Rights are a set of shared objects within each
synchronization group; each right can be free or
assicated with at most one member 18. One sxam-
ple of a right is a database lock whereby only one
user at a time can write {0 a database and no one
else can read or write at that time. See also the
"Update” right referred to later.

Rights are distributed in a centralized fashion
since that minimizes overhead and complexity. In
principle, this can be done by any member agent
11. For convenience, the control and distribution of
rights are performed by the distinguished member
(one of the members 18). The distinguished mem-
ber 18 already has the uniqueness and fault-toler-
ant properties which are also required by the con-
troller for rights. Thus, the Member 18 selected as
the distinguished member has to perform this spe-
cial function in addition to its standard synchroniza-
tion functions. The selection of a distinguished
member is done, by the synchronization master
control 13, at the time the group is established (see
below).

When a member 18 requires a right, its mem-
ber agent 11 directs the request to the distin-
guished member 18. If the right is availabie, the
distinguished member 18 wiill grant the right and
inform the requesting member agent 11. If the right
is already appropriated, then depending on the
type of request made, the request is either queued
by the distinguished member 18 or it is refused. In
the first case, requests are handled on a first-come
first-served basis.

Shouid the current distinguished member 18
fail, a new one is appointed by the synchronization
master control 13 (which is also resonsible for
detecting the failure). Of course, until a new distin-
guished member 18 is appointed, rights cannot be
distributed or retrieved, but all the other synchro-
nization services are stiil available. In order to mini-
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mize the eifect of a distinguished member 18 fail-
ure, the state of rights is reconstructed to the point
just priar to failure. Each member 18 keeps a list of
al rightss whichr it has appropriated as well as a list
of all itss autstending rights requests. This informa-
tion is themr exchanged with the new distinguished
member 18 which can then assume the same state
as the previous distinguished member 18. The
entire switchover process is fransparent to the ap-
plication program.

If a member 18 fails, the distinguished member
will automatically release any rights held by that
member 1& and also purge any queued requests
generated: by that member 18.

Member agent t1 is the main functional com-

panent of synchronization service 10 and is re-
sponsible for handling all directives initiated by the
user. It perfarms four classes of functions as de-
picted in Figure 3c and as represented by the
fallowing:

The- COMMUNICATIONS HANDLER 33 pro-
vides a reliable (order-preserving, non-lossy, non-
duplucating) communications service between
group members 18; in order to minimize deadlocks
the communication mode used is asynchronous
message: passing. This function is required only if
there is no reliable communications service present
withim. the: distributed operating system 15.

The GRQUP STATE HANDLER 32 maintains a
local. versiarr of the current state of all the other
group members 18.

The DOIRECTIVE HANDLER 31 provides the
interface between user tasks (components of mem-
kers 18) and the member agent 11.

The DM HANDLER 30 implements the distin-
guished member functionality and is active on only
one member 18 of the group at a time. This
member 18 is selected by the Group Master Task
25 (Figure 3b). The distinguished member 18 is
responsible for allocation of rights as well as for
broadcasting group status change notifications to
all other members 18 of the group. (This informa-
tion is received from the Group Master Task 25.)

Member agents 11 are created dynamically by
the synchronization agent 14 in response to a
SYNCHRONIZE directive (Primitive). They are aiso
destroyed by the synchronization agent 14 after
they have left the group or following a failure.
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Broadcasts and Acknowledgements

When an application program initiates a broad-
cast (via the GROUP-BROADCAST primitive), its
local member agent 11 distributes the mmformation
to all other active member agents 11. It then accu-
mulates acknowiedgements until all active member
agents 11 have replied after which the application
program is notified (via the GRP-ACK reply signal).

If an element 12 fails before its acknowledge-
ment is dispatched, the broadcasting member
agent 11 will assume an implicit acknowledgement
from that member so that failures will not disrupt
the application.

Group Establishment and Joining of New Members

A newly joining member 18 first informs the
synchronization master contral 13 (via its synchro-
nization agent 14) of its intent to join the synchro-
nization group. The synchronization master control
13 then determines if this is the first reported
member of the group. If it is, then this Member 18
is designated as the distinguished member 18 and
a notification is sent back. This establishes the
group.

If the group is already established, synchro-
nization master conirol 13 registers the new mem-
ber 18 as being in the joining state and informs the
group's distinguished member agent 11. Upon re-
ceiving this notification the distinguished member
agent 11 broadcasts a join request to all member
agents 11 on the list and waits for the correspond-
ing group acknowledgement. The period between
the broadcast of the join request and the full ac-
knowledgement of that request by all joined mem-
ber agents 11 is called the joining interval. During
that time some member agents 11 will become
aware of the new member agent 11 before others.
This opens up the possibility that some messages
broadcast within the group may bypass the par-
tially synchronized member agent 11. If messages
recsived by this member agent 11 are passed to
the application program, then the application pro-
gram function of this member 18 would not nec-
essarily perceive the same sequence of group
events as other members 18; it could miss some.
Therefore, the new member agent 11 must ac-
knowledge any messages received from other
member agents 11 (in order to satisfy the acknowi-
edgement requirement) but, once acknowledged,
the messages are discarded; i.e. they are not
passed on to the application (an exception is mes-
sages containing other joining or departure re-
quests which are processed by the member agent
11 but still not relayed to the application). This
mode of operation remains in effect until the join
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request is finally acknowledged by the entire
group. At that point, the new member 18 informs
its application that it is fully joined and switches to
mormal operation. The overall effect, as perceived
by the: application, is that the joining operation is
atomic.

The handling of messages that were discarded
during the joining interval is no different to the
application program than the handling of messages
missed by the member 18 while it was down; that
is, once synchronized with the gruop, the applica-
tiom program must proceed to upgrade its func-
tional state to be consistent with the functional
states of other members 18. The best method for
achieving this depends on the application program.

Beparture of Members

The departure of a member 18 from a synchro-
nization group occurs when the member 18 de-
cides to unsynchronize or when the host process-
ing element 12 fails. In the former case, the depart-
ing procedure is as follows: the synchronization
group (i.e. agent 11) notifies the Sync Master Task
20 of its intention. This event is relayed, via the
appropriate Group Master Task 25 (Figure 3b), to
the distinguished member 18 of the group. The
distinguished member 18 then broadcasts this in-
formation to all other group members 18. Note that
there is one Group Master Task 25 for every syn-
chronization group defined in service 10.

In the case of a processing element 12 failure,
the failure is detected by the Polling Control 22
within Sync Master Task 20 (Figure 3b) and the
same sequence as described above is executed.

If the departed member 18 was a distinguished
member, Group Master Task 25 will first select a
new distinguished member 18 and then proceed in
the same manner as above.

The synchronization agents 14 are intermediar-
ies between synchronization master control 13 and
the member agents 11. Synchronization agents 14
are created and dispatched when their host pro-
cessing element 12 is initialized. Upon creation
they wait to be contacted by the synchronization
master 13, if one exists. Any application level re-
quests for synchronization are queued until an ac-
knowledgement is received from synchronization
master control 13.

During normal operation, the synchronization
agents 14 serve as a relay point for communication
between the synchronization master control 13 and
the member agents 11. All communication is buf-
fered until acknowledged by the recsiver so that
the Member Agents 11 are protected from tem-
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porary failures of synchronization master control
13. The synchronization agents 14 also extract and
store any information relevant to the reestablish-
ment of the synchronization master control 13.

Most of the operation of the synchronization
master control 13 has already been described
above. The only aspect remaining is the monitoring
function.

The monitoring of the existence of processing
elements 12 is done by the Polling Control 22
which polls each individual synchronization agent
14. The failure of a processing slement 12 implies
that the corresponding synchronization agent 14 is
down as well as all member agents 11 that were
present on that processing element 12. When that
happens the synchronization master control 13 no-
tifies all affected Group Master Tasks 25. These, in
turn, inform their distinguished member agents 11
which then broadcast this information to other
member agents 11.

Before we go any further, it may be advanta-
geous to introduce the primitives used with syn-
chronization service 10. The primitives can be spilit
into two categories:

(1) Synchronous Primitives are in the form of
request-reply pairs; member agents 11 submit re-
quests for some action to be performed on their
behalf and synchronization service 10 -eventually
maiches these with appropriate replies.

(2) Asynchronous Notifications are sponta-
neous signals informing a member agent 11 about
changes in the status of its group or conveying a
message sent by some other member agent 11.

There are only two types of asynchronous no-
tifications that can be sent to a member agent 11:
-GROUP-CHANGE (group status) is sent when a
new member 18 has joined or an active member
18 has departed from the group. The status in-
formation includes the complete new membership
list and the id of the new distinguished member.
-GROUP-MSG (message) signals the arrival of a
message from some other member 18 (broadcast
or point-to-point).

The application program must allow forms of
communication (i.e. synchronous and asynchro-
nous) although it may choose to handle asyn-
chronous communications in a synchronous man-
ner by ignoring them until the current activity se-
quence is complete.

The synchronous primitives and corresponding
replies are depicted in chart form in Figure 3a, to
which attention is directed.

The primitives are:

LINKPLAY EXHIBIT 1004
Page 1560 of 4822



21 0 251 584 22

-SYNCHRONIZE (group-id)

This is directives which is issued by a member
18 (via its member agent 11) whem it wishes io
become synchronized: withr the groug specified by
<group-id>. If no group exists at the time, one is
established. The only signal expected in reply to
this directive is the SYNCH-DONE signal.

-SYNC-DONE (group-status)

This i & signal: franr the synchronization ser-
vice 10 (i.e= member agent 11) in response to a
successiul: synchronization of a member 18 follow-
ing the invocation of the SYNCHRONIZE directive.
The return parameter, <group status>, contains the
same information about the status of the group as
the GROUP-CHANGE primitive described below. It
includes a. <dm-flag> parameter which informs the
member 18 if it is the bearer of the distinguished
member status.

- UNSYNC

This directive is used whem a member 18 de-
cides to depart from its group. it easures orderly
deactivation.

-UNSYNC-DONE

This signal is a confirmation that the member
18 has been removed from its synchronization
group.

-GROUP-CHANGE (group-status)

This is an asynchronous signal which is gen-
erated by the member agent 11 whenever a new
member 18 joins the group or when a member 18
departs from the group. If this mmeber 18 is the
new distinguished member as a result of the
change, a <dm-flag> parameter in the <group-
status> data record will be set appropriately. The
treatment of this situation is left to the application
program. The new status of the group is also
returned.

-REQ-RIGHT (right-id, mode)

This directive is issued when a member 18
needs exclusive access to a group right. If the right
is available, it is guaranteed to be granted to only
one requesting member 18 (there may be muliiple
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simultaneous requests for the same right). If the
right is not available, then if the <mode> paramester
specifie & "queued™ request, it is queued until it
can be serviced. Alternatively, if the <mode> pa-
rameter specifies "immediate” the request is re-
fused since the right has aiready been appropriated
by another member 18 of the group.

- R-GRANTED (right-id)

This signal informs a member 18 that it has
been granted the required right.

-R-REFUSED (right-id)

This signal informs a member 18 which has
requested a right, with the "immediate reply” mode
specified in the request, that the right is not avail-
able. (If 2 queued request was made then this
signal will never be generated.)

-REL-RIGHT (right-id)

This directive is used to release an appropriat-
ed right.

-R-RELEASED (right-id)

This signal is the reply to the REL-RIGHT
directive.

-QRY-RIGHTS

This is a directive which is used to obtain a
snapshot of the distribution of group rights among
group members.

-R-STATUS (rights-status)

This is a reply signal to the QRY-RIGHTS
directive. The <righis-status> parameter lists, for
each group right, the member-id of the member
which owns it, it any.

Note that service 10 cannot guarantee the cur-
rency of the returned information since changes in
the distribution of rights can occur at any time.
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-GRP-BRDCST (message)

This directive is used: to broadcast a synchro-
nization event (message) ta all synchronized mem-
bers 18. It is the respansibility of the synchronize-
tion service 10 (via member agent 11) to ensurs
that all members 18 receive the message. The
<message> parameter can be used to timestamp
the synchronization event. The higher level sofi-
ware is responsible for supplying this parameter as
well as interpreting its functional significance.

-GROUP-ACK

This is an acknowledgement signal for the
GRP-BRDCST directive. It signifies that all mem-
bers 11 have received the latest broadcast mes-
sage.

-SND-TO-MEM (message)

This directive is used to send a point-to-point
message to anotirer group member 18.

-MSG-ACK.

This is am acknowledgement that the latest
point-to-point message has been received by the
destination member 18.

Before the invention is described further, it
may be of value ta give some brief examples of the
application of the primitives.

The first example is the control of a standby
configuration. In this configuration there are two or
more distributed program components (i.e. mem-
bers 18) each on a different processing element
12, each of which is equally capable of providing
the necessary function. Only one should be active
at any given time while the others are standing by,
ready to be activated should the active one fail.
Assuming that they are all part of the same syn-
chronization group that the algorithm which each
member 18 executes is the same (the synchroniza-
tion service primitives are highlighted in capitals):
SYNCHRONIZE;

Wait for SYNC-DONE signali;

If not selected as the distinguished member then
Repeat

Listen for SYNC-CHANGE signals;

until selected as the distinguished member;
Execute funciton;

If 2 member 18 is not selected as the distin-
guished member following synchronization with the
group, then it simply waits until it is designated as
the distinguished member.
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The next exampled concerns the updating of a
replicated database, i.e. the same example men-
tioned in the Background of the Invention. in this
case there are multiple instances of a database,
each of which can initiate an update request as a
result of external activity. Such requests will be
calied external to distinguish them from "shadow
requests”. Shadow request are copies of an exter-
nal request which a member 18 sends to all other
members 18 so that they can make the appropriate
changes to their copies of the database. For brev-
ity, the handling of any other requests except up-
date requests is ignored.

The solution shown below uses the mutual
exclusion feature of the synchronization group. A
right, called the Update right, is defined. The holder
of this right is the member 18 whose request will
be honored; all other members 18 must withhold
their requests and perform the shadow request
sent by the holder of the right:

Solution A

Repeat

Wait for next request;

If external request then

begin

REQ-RIGHT (update);

While waiting for R-GRANTED

Handle any incoming shadow requests;
GRP-BRDCST (external request);

Handle external request;

REL-RIGHT (Update);

end

else

Handle shadow request;

until termination;

Note that the application program need not be
concerned with spontaneous failures of other mem-
bers 18 since that is handied by the synchroniza-
tion service 10.

An important problem which must be handied
by this application (i.e. Solution A, above) is the
addition of new or recovering instances. These will
not necessarily have the same .state as the others
and therefore must be brought to the same func-
tional level. The situation is complicated by the
possibility that updates may be initiated at other
instances whil the new instance is being upgraded.
One method of dealing with this is for the new
instance to appropriate the Update right to ensure
that the state remains unchanged while it is being
upgraded. The algorithm performed by a restarting
instance is then:

SYNCHRONIZE;
Wait for SYNC-DONE signal;
REQ-RIGHT (Update);
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While waiting for R-GRANTED

Discard any shadow requests received::
Obtain current copy of database;:
REL-RIGHT (Update);:

Following this, the mormal! requestipresessing

algorithm described above (i.e. Solution A) is ex-
ecuted. :
The current copy of the database is obtained
from any other member 18 through an internal
protocol using point-to-point messages (i.e. SND-
TO-MEM directives). Instead of a copy of the entire
database it may be more convenient: to request an
update log and therm perfornar the: updates missed
while the member 18& instance was dawr..

Figure 4 is a functional flow- diagram represent-
ing the synchronization service 10 datzbase 16
when accessed through the processing element 12
identifier.

The head and tail pointers (AGT-LST-HD and
AGT-LST-TL) respectively, point to a linked list of
synchronization agent control blocks (tAGT-CB) for
those synchronization agents 14 involved.

There is one synchronization agent conirol
block tAGT-CB for each processing element 12
which requires synchronization: service 1G. It con-
tains a link (AGT-LST-LNK): to other synchromiza-
tion agent control blacks tAGT-CB. This chain en-
ables quick scanning; of affected processing ele-
ments 12 when an entire block of processing ele-
ments 12 fails. Each synchronization agent conirol
block tAGT-CB also contains a pointer (MMCB-
LST-HD) to a chain of member agent control
blocks (tMEM-CB) whiclr reside on that processing
element 12. Through this chain it is possible to
detect quickly all synchronization groups which are
affected by the failure of a processing element 12.
Whereas all other chains in the synchronization
service database 16 remain unchanged once they
are established, this chain follows the dynamics of
member 18 joinings and departures.

In order to simplify searching and list main-
tenance, the last Sync Agent control block tAGT-
CB in the list is 2 dummy block.

Each member agent conirol biock tMEM-CB
corresponds to one member 18 of one synchro-
nization group. Amang other data, this control block
contains a pointer (not shown in the diagram) to the
corresponding synchronization agent control block
tAGT-CB. This link allows quick reconfiguring of
the processing element-Member Agent chain when
necessary.

Figure 5 is a functional flow diagram represent-
ing the synchronization service database 16 when
accessed through the unique group identifier.

GRP-HDR [gropu id] is a static array of point-
ers. Each item of the array points to a circular list
of member agent control blocks (MEM-CB of
which belong to the same synchronization group.
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The member agent control blocks tMEM-CB
are linked into a circular list to facilitate selection of
a distinguished member. This list grows as mem-
bers 18 are added fo the synchronization group,
each successive block identified by the next avail-
able positive integer (MEM-ID). This integer cor-
responds to the member 18 ideniifier.

ACTION SEQUENCES

This section describes various action se-
quences within synchronization service 10. A dia-
grammatic representation is used to show these
sequences. The following conventions are used.

e A full horizontal line indicates a message or
rendezvous between two components (i.e. pro-
grams or tasks): '

coMP1 comp2
. signal .
} - °

where signal is the name of the entry procedure in
component COMP2 which accepts the signal.
COMP1 is the component which sent the signal.

e a vertical line (1) following the reception of a
signal indicates processing within the appropriate
component which received the signal. This pro-
cessing results in one or more signals being dis-
patched to other components:

+
signal-1

signal-2 ——— >

A

e [f an asterisk (") appears next to a signal it
implies that the signal may be repeated (to dif-
ferent destinations).

e A signal which is enclosed in braces
(e.g..<signal> indicates that the signal is not man-
datory and may be omitted depending on circum-
stances.
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