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ABSTRACT

A listener system, or listener, may be used with an Ethernet Audio-Video
Bridging (“AVB”) network. The listener may include various components, such as an
upper layer application and a stream reservation protocol stack. The upper layer
application and stream reservation protocol stack may be in communication with each
other. The stream reservation protocol stack may receive stream advertisements on or
across the Ethernet AVB network. The stream reservation protocol stack may operate in
a sparse mode and may operate in a full mode. When operating in a sparse mode, the
stream reservation protocol stack may transmit one subset of the received stream
advertisements to the upper layer application, and may not transmit another subset of the

received stream advertisements to the upper layer application.
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BACKGROUND OF THE INVENTION

1. Technical Field.

[0001] This invention relates to a listener system for use with an Ethernet Audio-Video
Bridging (“AVB”) network, a method of operating a stream reservation protocol stack of
a listener connected with an Ethernet Audio-Video Bridging (“AVB”) network, and a

network communication system.

2. Related Art.

[0002] With continued technological developments, an increasing number of devices may
interact and communicate with each other through various networks. As more devices
communicate and interact with each other, more data may be passed through a network
and to each connected device. Therefore, a need exists for a device and/or system that
increases and/or maximizes efficiency and resources for one or more devices in the

network, such as those devices which may have limited resources.

SUMMARY

[0003] A listener system, or listener, may be used with an Ethernet Audio-Video
Bridging (“AVB”) network. The listener may include various components, such as an
upper layer application and a stream reservation protocol stack. The upper layer
application and stream reservation protocol stack may be in communication with each
other. The stream reservation protocol stack may receive stream advertisements on or
across the Ethernet AVB network. The stream reservation protocol stack may operate in

a sparse mode and may operate in a full mode. When operating in a sparse mode, the
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stream reservation protocol stack may transmit one subset of the received stream
advertisements to the upper layer application, and may not transmit another subset of the
received stream advertisements to the upper layer application.

[0004] A stream reservation protocol stack of a listener may be connected with an
Ethernet AVB network. The listener may include an upper layer application and the
stream reservation protocol stack. The stream reservation protocol stack may be operated
according to various methods. In one method, the stream reservation protocol stack may
receive a plurality of stream advertisements from the Ethernet AVB network. The stream
reservation protocol stack may transmit the plurality of stream advertisements to the
upper layer application when functioning in full mode. When functioning in sparse
mode, the stream reservation protocol stack may transmit a first subset of the received
stream advertisements to the upper layer application and not transmit a second subset of
received stream advertisements to the upper layer application.

[0005] A network communication system may include an Ethernet AVB network, a
talker, and a number of listeners. The talker and the listeners may all be in
communication with the Ethernet AVB network. The talker may advertise a data stream
on the Ethernet AVB network with a stream advertisement. The listeners may be
configured to operate in a sparse mode and in a full mode. In the sparse mode, the
listeners may compare the stream advertisement to one or more stream identifiers
associated with one or more data streams of interest to the listener.

[0006] A computer program product may have a computer readable medium tangibly
embodying computer executable code for operating a stream reservation protocol stack of
a listener system connected with an Ethernet Audio-Video Bridging (*AVB”) network.
The product may include code for receiving a number of stream advertisements from the
Ethernet AVB network with a stream reservation protocol stack included in the listener
system. The product may also include code for transmitting the number of stream
advertisements to an upper layer application included in the listener system when the
listener system is functioning in a full mode. In addition, the product may include code
for transmitting a first subset of the received stream advertisements to the upper layer
application and not transmitting a second subset of the received stream advertisements to

the upper layer application when the listener system is operating in a sparse mode.
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[0007] Other systems, methods, features and advantages will be, or will become, apparent
to one with skill in the art upon examination of the following figures and detailed
description. It is intended that all such additional systems, methods, features and
advantages be included within this description, be within the scope of the invention, and

be protected by the following claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The system may be better understood with reference to the following drawings
and description. The components in the figures are not necessarily to scale, emphasis
instead being placed upon illustrating the principles of the invention. Moreover, in the
figures, like referenced numerals designate corresponding parts throughout the different
vVieEws.

[0009] Fig. 1 is a block diagram of an example network communication system.

[0010] Fig. 2 is a block diagram of an example listener in a network communication
system.

[0011] Fig. 3 is a block diagram of an example listener in a network communication
system operating in full mode.

[0012] Fig. 4 is a block diagram of an example listener in a network communication
system operating in sparse mode.

[0013] Fig. 5 is a flow diagram of an example method of operation of a listener in a
network communication system.

[0014] Fig. 6 is a flow diagram of an example method of operation of a listener in a
network communication system.

[0015] Fig. 7 is a flow diagram of an example method of operation of a controller in a
network communication system.

[0016] Fig. 8 is a block diagram of an example network communication system.

[0017] Fig. 9 is a block diagram of an example network communication system.

[0018] Fig. 10 is an example of a processing system for use with one or more components

in the network communication system.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] Demand for connectivity between network devices continues to increase at a fast
rate. In many systems, a greater number of devices are being manufactured which have
network connection and/or communication capabilities. For example, in some
automobiles, components not previously considered connective are being manufactured
with connective capabilities. Parts, such as brakes, throttle, and/or various other parts,
may be manufactured as Ethernet Audio-Video Bridging (“Ethernet AVB”) enabled
devices which may communicate through an Ethernet AVB network. In some systems,
Ethernet networks may be used to connected one or more devices, with audio and/or
video data streams being sent wireless and/or through a wireline, such as an Ethernet
cable.

[0020] With an increasing number of devices being manufactured with network
communication capabilities and included in growing networks, a greater amount of data,
stream advertisements, and/or data streams are being sent, transmitted, received, and/or
otherwise communicated through the network. For example, in some networks, such as
Ethernet AVB networks, hundreds or thousands of streams of data may be available on
the network. In many of these network systems, each device connected with the network
may be receiving and storing information and/or data about all of the data or data streams
sent through the network. Tracking all of those streams may require memory resources
and processing power. This may not be an efficient use of memory, processing power,
and/or other resources of the devices, such as where a device is receiving data, stream
advertisements, and/or data streams that the device is not interested in. In some devices,
it may be desirable to have a component or feature which may act as a filter, sending on
data or stream advertisements of relevance to the upper layers of a device.

[0021} A number of systems and methods (generally referred to as “systems”) which may
be useful in addressing these issues are described. These systems may incorporate a
stream reservation protocol sparse mode. In sparse mode, a device may configure its
stream reservation protocol listener to only process those streams that are of interest to the

device. Streams and/or stream advertisements for streams that do not match the streams

specified via a sparse mode may be considered uninteresting and simply ignored.
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[0022] Fig. 1 illustrates an example of a network communication system which may
incorporate, include, and/or use a system and mefhod for sparse mode operation. The
system may include one or more networks 110, one or more talkers 130, 131, and 132,
one or more listeners 140, 141, and 142, one or more talker / listeners 150, and/or one or
more controllers 190. The talkers 130, 131, and 132 may be configured to transmit
information and/or data across a network 110. The listeners 140, 141, and 142 may be
configured to receive information and/or data across a network 110. The talker / listeners
150 may be configured to transmit and receive information and/or data across a network.
The controller 190 may be configured to control one or more aspects of a network 110,
talkers 130, 131, and 132, listeners 140, 141, and 142, and/or talker / listeners 150. One
or more of the talkers 130, 131, and 132, the listeners 140, 141, and 142, the talker /
listeners 150, and/or the controllers 190 may be or may include hardware, software,
and/or a combination of hardware and software to implement part or all of the
functionality of the system described later. More or less components may be included in
other examples.

[0023] One or more of the talkers 130, 131, and 132, the listeners 140, 141, and 142, the
talkers / listeners 150, and/or the controllers 190 may be connected to each other through
or using the network 110. Alternatively or additionally, one or more of the talkers 130,
131, and 132, the listeners 140, 141, and 142, the talkers / listeners 150, and/or the
controllers 190 may be connected to each other directly. For example, one or more of the
talkers 130, 131, and 132, the listeners 140, 141, and 142, the talkers / listeners 150,
and/or the controllers 190 may be connected to each other using a wireline such as an
Ethernet cable, and/or a wireless network. Various other connections are possible.

[0024] The network 110 may be, include, and/or communicate through or with an
Ethernet AVB network. The network 110 may include one or more bridges which may
communicate with one or more devices communicating through and/or connected with
the network. The one or more bridges may communicate with the network 110 and/or
devices connected to the network through or using various protocols, such as Ethernet
AVB protocols designated by the IEEE. For example, one or more bridges may
communicate with the network 110 and/or devices connected to the network through or

using Ethernet AVB protocols such as IEEE 802.1AS-2001 (gPTP) for network timing
and synchronization, IEEE 802.1Qav-2009 for queuing and forwarding streaming data,
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IEEE 802.1Qat-2010 (SRP) for reserving data stream bandwidth in a network, and/or
[EEE 1722-2011 related to a possible data streaming format. Various other protocols
may be used. Alternatively or additionally, the network 110 may be, include, and/or
communicate through or with wide area networks (WAN), such as the Internet, local area
networks (LAN), campus area networks, metropolitan area networks, or any other
wireless and/or wireline networks that may allow for data communication. The network
110 may be divided into sub-networks. The sub-networks may allow access to all of the
components connected to the network 110, or the sub-networks may restrict access
between the components connected to the network 110. The network 110 may be
regarded as a public or private network and may include, for example, a virtual private
network, an encryption, or any other security mechanism employed over the public
Internet, or the like. Various other types of networks 110 are possible.

[0025] One or more of the talkers 130, 131, and 132, the listeners 140, 141, and 142,
and/or the talker / listener 150 may be connected to the network 110 in any configuration
that supports data transfer. This may include a data connection to the network 110 that
may be wired or wireless. One or more of the talkers 130, 131, and 132, the listeners 140,
141, and 142, and/or the talker / listeners 150 may be connected to an Ethernet AVB
network and/or to each other through or with an Ethernet connection, such as using a
cable or wireless connection to an Ethernet AVB network. Various other connections
may be possible.

[0026] The system may include one or more talker systems, or talkers 130, 131, and 132.
In small communication networks, the system may have only a small number of talkers,
such as twenty or less. In other larger communication systems, the system may include
hundreds, thousands, or potentially millions of talkers. Various numbers of talkers are
possible.

[0027] The talkers 130, 131, and 132 may or may not be or include a portion or all of the
features of a computer system, such as a computer system 1000 shown in Fig. 10 and
described later. The talkers 130, 131, and 132 may be Ethernet AVB enabled and/or
compatible. The talkers 130, 131, and 132 may be configured, adapted, operable, and/or
enabled to communicate through and/or with an Ethernet AVB network, such as
according to, through, and/or using a one or more standards or protocols. An example of

a protocol associated with communications between a talker 130 and a network 110 may
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be the stream reservation protocol specified in IEEE 802.1Qat-2010. Alternatively or
additionally, various other protocols, such as a Multiple MAC Registration Protocol
(“MMRP”), IEEE 802.1AS-2011 (gPTP), IEEE 802.1Qav-2009, and/or IEEE 1722-2011
may be used.

[0028] The talkers 130, 131, and 132 may be configured, adapted, operable, and/or
enabled to send information and/or data through the network 110. For example, talkers
130, 131, and 132 may be configured and/or adapted to send a stream of information that
includes data, commands, and/or command signals through, using, or across an Ethernet
AVB network. Information and/or data sent by talkers 130, 131, and 132 through the
network 110, such as through an Ethernet AVB network, may be received by other
devices connected with the network 110, such as listeners 140, 141, and 142 and/or talker
/ listeners 150.

[0029] The talkers 130, 131, and 132 may perform various functions and/or be connected
with or include various components. For example, a talker 130 may be connected with
the network 110 and an input device, such as a musical instrument or microphone.
Information and/or data may be sent to, received by, and/or otherwise input to the taiker
130 or a device connected with the talker 130. For example, a user may play an
instrument or sing into a microphone connected with the talker 130, and information
and/or data about the instrument, singing, and/or voice may be received by the talker 130.
[0030] While the talkers 130, 131, and 132 in the network communication system may
be, and may be described as, the physical devices themselves (such as a mircophone), it
should be appreciated that in some systems, the talker may be or may include a computer
or other electronic controlling device, which may be used and/or operate to control the
talker (such as a microphone), such as some or all of the features of a computer system
1000 shown in Fig. 10 and described later. In these systems, the computer or other
electronic controller device may be AVB enabled and/or communicate directly with the
network 110. In addition, the computer or other electronic controller device may
communicate in various ways with the physical or other device, such as with a wired or
wireless connection. Various other alternatives are possible.

[0031] The talker 130 may process the information and/or data received in various ways.
For example, the talker 130 may transform any signal received, such as the musical

signal, from an analog signal to a digital signal. In other systems, a computing device
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may perform processing of received information and/or data, and may send the processed
information and/or data to the talker 130. Various other processing functions may be
performed by the talker 130 and/or devices in communication with the talker 130.

[0032] The talker 130 may transmit, send, output, and/or advertise (“advertise”)
processed information and/or data to the network 110, such as in, with, and/or using a
data stream and/or Ethernet AVB signal. Such signals may, for example, be referred to as
stream advertisements. For examp'le, the talker 130 may produce a stream advertisement
that may advertise a data stream encompassing data related to music played by a user on a
device connected with the talker 130 onto an Ethernet AVB network. The information
and/or data advertised by the talker 130 on the network 110 in the stream advertisement
may be received by other devices, such as by various listeners 140, 141, and 142 and/or
talker / listeners 150. Various other functions may be performed by the talker 130.

[0033] Each talker 130, 131, and 132 may have one or more talker attributes. Talker
attributes may specify, include and/or otherwise identify characteristics about the talker
130 and/or a data stream advertised by a talker 130, For example, a talker attribute may

describe a data stream, such as an audio, video, and/or command data stream, that the

talker 130 will multicast over the network 110. A talker attribute may specify how much
bandwidth a data stream advertised by a talker 130 may require in order to be received by
a device over the network 110. A talker attribute may specify how long it may take
information and/or data sent from the talker 130 to reach a listener 140, which may be
referred to as a latency or latency period. A talker attribute may specify what listeners
may be interested in the information and/or data advertised by the talker 130, such as by
or using a unique identification number or set of characters related to each listener. A
talker attribute may specify a unique stream identifier (“ID”) for the talker 130 and/or the
stream advertised by the talker 130. A talker attribute may specify, include, and/or
identify various other pieces of information and/or data. One talker attribute may include
multiple pieces of information and/or data, such as information about a bandwidth
required for download and a unique stream ID of the talker. In some systems, each talker
attribute may be related to only one piece of information and/or data, and each talker 130,
131, and 132 may have multiple talker attributes. In other systems, each talker 130, 131,
and 132 has only one talker attribute which specifies multiple pieces of information

and/or data about the talkers. Various combinations are possible.
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[0034] As mentioned, a talker attribute may specify a stream ID for the talker 130. The
stream ID of the talker 130 may be a unique sequence of characters and/or numbers
which may only be assigned to one talker 130. In some systems, no two talkers may have
the same stream ID. An identification of a unique stream ID of a talker 130 may then be
used by devices and/or networks to positively identify a source of information and/or
data. For example, a device may receive over an Ethernet AVB network a stream
advertisement for a data stream that includes a unique stream ID and may, based on an
identification of the unique stream ID, determine the talker that has advertised the data
stream. Various other uses of the stream ID are possible. The unique stream ID may be a
64 bit stream ID, or various other stream IDs may be used. The talker 130 may be
assigned a unique stream ID at the time the talker 130 is manufactured, such as by a
manufacturer, after manufacture, such as by being generated by the talker 130 itself, when
the talker 130 connects with the network 110, such as by a controller 190, and/or at
various other times.

[0035] One or more talker attributes may be stored in one or more of talkers 130, 131,
and 132, listeners 140, 141, and 142, talker / listener 150, and/or controllers 190. For
example, a unique stream ID of a talker 130 may be sent to and/or received by a
controller 190, which may record and/or store the unique stream ID of the talker 130
and/or forward the unique stream ID of the talker 130 to one or more listeners 140, 141,
and 142, such as through, with, or using a non-SRP protocol.

[0036] A stream advertisement may be a signal and/or other transmission from a talker
130, 131, or 132 which may be passed through the network 110. A stream advertisement
sent by a talker 130 may indicate that the talker 130 has a data stream that it can and/or
will send, multicast and/or otherwise transmit over a network 110. The stream
advertisement may include details about the data stream, such as one or more talker
attributes that may be sent with and/or included in a stream advertisement advertised
and/or output by the talker 130. For example, the stream advertisement may include a
unique stream ID of the data stream being advertised by the talker 130 using the stream
advertisement. The stream advertisement sent by a talker 130 may be transmitted across
a network 110 to and/or received by one or more devices in communication with the

network 110. In some systems, the stream advertisement is sent to all devices on a

network 110.
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[0037] One or more listeners 140, 141, and 142, and/or talker / listeners 150 may receive
the stream advertisements from the talker. If the listener wishes to receive the data stream
being advertised by the stream advertisement, the listener may send a “Listener Ready”
signal to a bridge, the network 110 and/or talker. The signal may be a request to attach to
the data stream via the stream ID included in the stream advertisement. When an
Ethernet AVB bridge receives the “Listener Ready” signal from the listener, the bridge
will match it with the talker advertise and allow the data stream referenced by the stream
advertisement to be sent to the requesting listener. One or more than one listener may
request and/or attach to the same data stream via one stream ID. One listener may request
and/or attach to more than one data stream via the stream IDs of each requested data
stream. Other variations are possible.

[0038] One or more stream advertisements may be sent and/or accessed individually
and/or alone with, through, and/or using the network 110. One or more stream
advertisements may be sent to, accessed by, and/or received by one or more receiving
devices on the network 110, such as listeners 140, 141, and 142, talker / listeners 150,
and/or controllers 190. Various other uses and functions of stream advertisements and/or
talker attributes are possible.

[0039] The system may include one or more listener systems, or listeners 140, 141, and
142. In small networks, the system may have only a small number of listeners, such as
twenty or less. In other larger communication systems, the system may have hundreds,
thousands, or potentially millions of listeners. Various numbers of listeners are possible.
[0040] The listeners 140, 141, and 142 may or may not be or include a portion or all of
the features of a computer system, such as a computer system 1000 shown in Fig. 10 and
described later. The listeners 140, 141, and 142 may be Ethernet AVB enabled and/or
compatible. The listeners 140, 141, and 142 may be configured, adapted, operable,
and/or enabled to communicate through and/or with an Ethernet AVB network, such as
according to, through, and/or using a one or more standards or protocols, such as the
stream reservation protocol identified in IEEE 802.1AS-2011 (gPTP), IEEE 802.1Qav-
2009, IEEE 802.1Qat-2010 (SRP), and/or IEEE 1722-2011. Alternatively, various other
protocols, such as a MMRP, may be used.

[0041] Listeners 140, 141, and 142 may be configured, adapted, and/or operable to

receive information that includes data across, through, and/or using the network 110. For
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example a listener 140 may be configured and/or adapted to receive a stream
advertisement and/or a data stream passing across a network 110, such as an Ethernet
AVB network. The information and/or data received by a listener 140, 141, and 142 may
be, for example, the information and/or data sent by the talker 130, 131, and 132,
information and/or data sent by a controller 190, and/or various other information and/or
data sent through and/or using the network 110. In some systems, the listeners 140, 141,
and 142 may receive one or more stream advertisements advertising a data stream from a
talker 130. The listeners 140, 141, and/or 142 may register for and/or receive a data
stream being advertised by the stream advertisement from the talker 130. Registration for
and/or receipt of a data stream may or may be received by the listeners 140, 141, and 142
with a guaranteed bandwidth. Various other possibilities exist.

[0042] Listeners 140, 141, and 142 may perform various other functions and/or include or
be connected with various other components. For example, a listener 140 may be
connected with a network 110 and an output device, such as a speaker or television
monitor. Information and/or data may be gathered and/or otherwise received by the
listener 140 through the network 110. For example, information and/or data about notes
played on a musical instrument may be transmitted through the network 110 by the talker
130, and may be received by the listener 140. The listener 140 may process the
information and/or data received through the network 110. The listener 140 may output
processed information and/or data to the speaker. For example, the listener 140 may
output information and/or data related to the signal received through the Ethernet AVB
network to the speaker.

[0043] While the listeners 140, 141, and 142 in the network communication system may
be, and may be described as, physical devices themselves (such as a speaker), 1t should be
appreciated that in some systems, the listener may be or may include a computer or other
electronic controlling device which may be used and/or operate to control the listener
(such as a speaker), such as some or all of the features of a computer system 1000 shown
in Fig. 10 and described later. In these systems, the computer or other electronic
controller device may be AVB enabled and/or communicate directly with the network
110. In these systems, the computer or other electronic controller device may
communicate in various ways with the physical or other device, such as with a standard

wired or wireless connection. Various other alternatives are possible.
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[0044] Each listener 140, 141, and 142 may have one or more listener attributes. A
listener attribute may be, for example, a Listener Ready, a Listener Asking Failed, and/or
a Listener Ready Failed attribute. These attributes may or may not contain a single piece
of information, such as a stream ID that the listener may want to attach to.

[0045] One or more listener attributes may be sent with, through, and/or using the
network 110. One or more listener attributes may be sent to, accessed by, and/or received
by one or more receiving devices on the network 110, such as talkers 130, 131, and 132,
talker / listeners 150, and/or controllers 190. One or more listener attributes may be
stored in one or more of talkers 130, 131, and 132, listeners 140, 141, and 142, talker /
listeners 150, and/or controllers 190. One or more listener attributes may be used to
connect a listener with a data stream and/or talker. Various other uses and functions of
listener attributes are possible.

[0046] Each listener 140, 141, and 142 may additionally or alternatively have one or
more listener characteristics which may specify, include, and/or otherwise identify
characteristics about the listener 140. Listener characteristics may, for example, exist
and/or be used outside of the stream reservation protocol stack 230, and/or may be used to
inform devices on a network about the characteristics and/or capabilities of a listener.
For example, a listener characteristic may specify what talkers a listener 140 may be
interested in. A listener characteristic may specify a unique listener ID for the listener
140, which may, for example, uniquely identify the listener 140 to other devices on the
network 110. A listener characteristic may identify one or more capabilities of the
listener 140, such as a bandwidth that the listener 140 has available, a type of data stream
a listener 140 may be interested in and/or capable of processing, and/or various other
capabilities of the listener 140. A listener characteristic may additionally or alternatively
specify various other pieces of information and/or data about the listener 140. One
listener characteristic may include multiple pieces of information and/or data. In some
systems, each listener characteristic may be related to only one piece of information
and/or data, and each listener 140, 141, and 142 may have multiple listener
characteristics. In other systems, each listener 140, 141, and 142 has only one listener
characteristic which specifies multiple pieces of information and/or data about the

listeners. Various combinations are possible.

12



10

15

20

25

30

CA 02775476 2012-04-23

PATENT
Case No. 11336/2321 (P11033CA)

[0047] Talker / listeners 150 may be configured, adapted, operable, and/or enabled to
send and receive information and/or data through the network 110. A talker / listener 150
may thus include the capabilities and functions of a talker 130 and a listener 140. In some
systems, all devices connected with the network 110 may be talker / listeners 150. In
other systems, some or none of the devices connected with the network 110 may be talker
/ listeners 150. While the following discussion may only refer to talkers 130 and listeners
140 individually, it should be appreciated that in some systems, functions and attributes
of talkers 130, 131, and 132 and/or listeners 140, 141, and 142 discussed may be
accomplished by talker / listeners 150. Various combinations are possible.

[0048] The system may include one or more controller 190. The controller 190 may or
may not be or include a portion or all of the features of a computer system, such as a
computer system 1000 shown in Fig. 10 and described later. The controller 190 may be
Ethernet AVB enabled and/or compatible. The controller 190 may be configured,
adapted, operable, and/or enabled to communicate with and/or through an Ethernet AVB
network, such as according to, through, and/or with a one or more standards or protocols,
such as the stream reservation protocol outlined in IEEE 802.1AS-2011 (gPTP), IEEE
802.1Qav-2009, IEEE 802.1Qat-2010 (SRP), and/or IEEE 1722-2011. Alternatively,
various other protocols, such as a MMRP, may be used.

[0049] The controller 190 may identify the talkers 130, 131, and 132 and listeners 140,
141, and 142 in and/or communicating using the network 110, such as the talkers and
listeners in and/or communicating using an Ethernet AVB network. The controller 190
may communicate directly or indirectly with talkers 130, 131, and 132 and listeners 140,
141, and 142. The controller 190 may receive and communicate information to, from, or
between the talkers 130, 131, and 132 and listeners 140, 141, and 142. For example, a
controller 190 may retrieve or assign a unique stream ID or other talker attribute to a
talker 130, and/or may pass the unique stream ID of the talker and/or other talker attribute
to a listener 140. Various other communications and interactions with talkers 130, 131,
and 132 and listeners 140, 141, and 142 are possible.

[0050] Fig. 2 is a block diagram of an example listener 210, which may be similar to
and/or resemble one or more of the listeners 140, 141, and 142 in Fig. 1. Features in the

listener 210 may be found in one or more of the listeners 140, 141, and 142, and vice

versa.
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[0051] The listener 210 may include a processor, a field programmable gate array
(“FPGA”), hardware modules, software modules, combinations of hardware and software
modules, memory, stacks, layers, and/or other various other components and/or features.
The listener 210 may include one or more of an upper layer application 220, a stream
reservation protocol module, or stream reservation protocol stack 230, a network interface
240, and/or memory 270. The stream reservation protocol stack 230 may further include
a multiple stream registration protocol (“MSRP”) attribute database 250 and/or a sparse
mode engine 260. The listener 210 may or may not be modeled after and/or include
features of an open systems interconnection model (OSI model). In another example, the
listener 210 may include more than one device, such that one or more of the modules or
components of the listener 210 may be located in different devices. For example, one
device may include a sparse mode engine 260 while a second device may include the
upper layer application 220 of the listener 210. Other variations are possible.

[0052] The upper layer application 220 may be, may include, and/or may be referred to as
an upper layer module, an upper layer application module, an upper layer, and/or a stack.
The upper layer application 220 may include software, hardware or some combination
thereof executable by a processor. The upper layer application 220 of a listener 210 may
perform one or more administrative tasks for a listener 210, and/or may coordinate and/or
orchestrate one or more components of a listener 210 to ensure that the listener 210
performs tasks for which the listener 210 may be implemented. The upper layer
application 220 may, for example, identify, receive, acquire, and/or learn about data
streams which may be advertised and/or transmitted over a network 110.

[0053] The upper layer application 220 may store information related to all stream
advertisements and/or data streams received by the upper layer application 220 from the
stream reservation protocol stack 230, and/or may send those data streams which may be
relevant to the listener 210 to components connected with the listener 210. For example,
the upper layer application 220 may communicate with and/or include memory and/or a
database, which the upper layer application may use to store information related to all
stream advertisements and/or data streams received. The memory and/or database
accessible and utilized by the upper layer application 220 may be a part of the upper layer
application 220, or may be a separate component of the listener 210, such as memory 270

described later. The memory 270 may include and/or store instructions for operation
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and/or functions to be performed by the upper layer application 220. Various other
examples are possible.

[0054] The upper layer application 220 may ensure that a data stream sent to listener 210
can be communicated to other components attached to the listener 210. For example,
where the listener 210 is connected with or represents an speaker, the upper layer
application 220 may identify from all data streams received from the stream reservation
protocol stack 230 those data streams which include information and/or data about audio
signals to be output by the speaker, and may process and/or transmit this information to
the speaker for broadcast and/or audio transmission. Various other examples are possible.
[0055] The upper layer application 220 may additionally or alternatively be capable of
configuring a processor in or connected with the listener 210. For example, where the
listener 210 is an amplifier, an upper layer application 220 of the listener 210 may
configure the digital signal processor of the listener 210 for balance, volume, bass, and/or
treble. The upper layer application 220 may communicate with a controller 190 in the
network communication system. For example, the controller 190 may send a list of one
or more unique stream IDs of talkers that may advertise data streams that the listener 210
may be interested in acquiring. The controller 190 may determine what capabilities the
listener may have for one or more data streams based on the capabilities sent by the
listener 210, and may send stream IDs of data streams for the listener 210 to register for.
The upper layer application 220 may also or alternatively be used to initiate a “Listener
Ready” attach request when a corresponding stream advertisement from a talker is
received. In other systems this may not be included, such as in a system where a
particular Listener device may be "hard-coded" to always initiate an attachment request
for a particular stream ID whether it has received a stream advertisement. Various other
functions of the upper layer application are possible.

[0056] The listener 210 may include a stream reservation protocol stack 230. The stream
reservation protocol stack 230 may identify, specify, represent and/or include a protocol
for the listener 210. For example, the stream reservation protocol stack 230 may be or
represent the stream reservation protocol identified and described in the IEEE 802.1Q,
such as in IEEE 802.1Q-2011 clause 35, and/or may be part of the Ethernet AVB
protocols. Information and/or data received through the network interface 240, such as a

stream advertisement, may be passed to the stream reservation protocol stack 230, which
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may process the information and/or data. The stream reservation protocol stack 230 may
transmit, output, send, and/or pass some or all of the information and/or data received
from the network 110, such as the received stream advertisement, to the upper layer
application 220 to be processed, implemented, and/or transmitted. In some systems, the
stream reservation protocol stack 230 may only process, analyze, and/or be involved with
stream advertisements.

[0057] In some systems, the stream reservation protocol stack 230 may transmit, handle,
and/or process the abandonment of a stream advertisement from a talker which may occur
when a talker device crashes or stops streaming data. In some systems, the stream
reservation protocol stack 230 may use MVRP as well as MSRP. MVRP may allow a
listener 140 to attach to a same VLAN as a talker 130. Other functions of the stream
reservation protocol stack 230 are posstble.

[0058] The stream reservation protocol stack 230 may be, may include, and/or may be
referred to as a stream reservation protocol module, a stream reservation protocol layer
module, a stream reservation protocol, a stream reservation protocol application, and/or a
stream reservation protocol layer. The stream reservation protocol stack 230 may include
software, hardware or some combination thereof executable by a processor. The stream
reservation protocol stack 230 may communicate with and/or include memory and/or a
database, which the stream reservation protocol stack 230 may use to store information
and/or data, such as information about stream advertisements received. The memory
and/or database accessible and utilized by the stream reservation protocol stack 230 may
be a part of the stream reservation protocol stack 230, or may be a separate component of
the listener 210, such as memory 270 described later. The memory 270 may include
and/or store instructions for operation and/or functions to be performed by the stream
reservation protocol stack 230. Various other examples are possible.

[0059] The listener 210 may include a network interface 240. The network interface 240
may be an interface between one or more components and/or features of the listener 210
and the network 110. The network interface 240 may receive information and/or data
from the network 110 and/or may pass the received information and/or data to the stream
reservation protocol stack 230 of the listener 210. In some systems, the network interface
240 may transmit information from the stream reservation protocol stack 230 of the

listener 210 to the network 110.
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[0060] The listener 210 may include memory 270. Memory 270 may include, but is not
limited to, computer readable storage media such as various types of volatile and non-
volatile storage media, including but not limited to random access memory, read-only
memory, programmable read-only memory, electrically programmable read-only
memory, electrically erasable read-only memory, flash memory, magnetic tape or disk,
optical media and the like. In one example, the memory 270 may include a cache or
random access memory for a processor, such as processor 1002 of computer system 1000
described later. In alternative examples, the memory 270 is separate from a processor,
such as a cache memory of a processor, the system memory, or other memory. The
memory 270 may be an external storage device or database for storing data. Examples
include a hard drive, compact disc (“CD”), digital video disc (“DVD”), memory card,
memory stick, floppy disc, universal serial bus (“USB”) memory device, or any other
device operative to store data. The memory 270 may be operable to store instructions
executable by a processor. The functions, acts or tasks illustrated in the figures or
described may be performed by a programmed processor executing the instructions stored
in the memory 270. The functions, acts or tasks are independent of the particular type of
instructions set, storage media, processor or processing strategy and may be performed by
software, hardware, integrated circuits, firm-ware, micro-code and the like, operating
alone or in combination. Likewise, processing strategies may include multiprocessing,
multitasking, parallel processing and the like. Memory 270 may be accessible and/or in
communication with one or more modules of the listener 210, such as the upper layer
application 220, the stream reservation protocol stack 230, the MSRP attribute database
250, and/or the sparse mode engine 260. Additionally or alternatively, one or more of the
modules of the listener 210, such as the upper layer application 220, the stream
reservation protocol stack 230, the MSRP attribute database 250, and/or the sparse mode
engine 260, may have internal and/or memory specific to the module, which may
resemble or be similar to memory 270.

[0061] The stream reservation protocol stack 230 of the listener 210 may include, be
connected with, and/or be in communication with an MSRP attribute database 250. The
MSRP attribute database 250 may represent a memory, which may resemble and/or be
similar to memory 270, a data storage bank, and/or various other components. The

MSRP attribute database 250 may or may not be or include one or more features of a
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computer system, such as a computer system 1000 shown in Fig. 10 and described later.
The MSRP attribute database 250 may have an application programming interface
(“APT) which may be designed to notify an upper layer application whenever a new
attribute, such as a talker attribute and/or talker stream ID, is registered on the network
110 and/or received by the stream reservation protocol stack 230.

[0062] As mentioned, one or more of talkers 130, 131, and 132 may have talker
attributes, and/or one or more of the listeners 140, 141, and 142 may have listener
attributes. The MSRP attribute database 250 may represent a database including and/or
storing one or more talker attributes and/or listener attributes for talkers 130, 131, and 132
and/or listeners 140, 141, and 142 on the network 110. For example, the MSRP attribute
database 250 may include attributes for all talkers 130, 131, and 132 and/or listeners 140,
141, and 142 on or connected with a network 110 such as an Ethernet AVB network. For
each talker and/or listener tracked or included in the MSRP attribute database 250, the
MSRP attribute database 250 may store or identify where the talker and/or listener is,
how much bandwidth a data stream from the talker may require, how much bandwidth
may be available for a listener, a unique stream ID for the talker and/or listener, and/or
various other pieces of information and/or data. The MSRP attribute database 250 may,
for example, store information and/or data indicating that a talker 130 with a first unique
stream ID is connected with an Ethernet AVB network, identifying what information
and/or data to request from the network 110 and/or controller 190 to obtain and/or register
for the data stream from the talker 130, and what percentage of an Ethernet connection
will be used if a listener 140 has registered for, and/or begins receiving, the data stream
from the talker 130. Information and/or data received by the MSRP attribute database
250, such as one or more stream advertisements from the network 110, may be
transmitted, output, sent, and/or passed from the stream reservation protocol stack 230 to
the upper layer application 220.

[0063] In some systems, the MSRP attribute database 250 in each talker 130, 131, and
132 and/or listener 140, 141, and 142 may be created and/or updated from a separate
and/or collective MSRP attribute database. This separate and/or collective MSRP

attribute database may represent one database for multiple or all talkers 130, 131, and 132
and/or listeners 140, 141, and 142 on a network 110. For example, a separate and/or

collective MSRP attribute database may be attached and/or in communication with the
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network 110, and/or may store information and/or data about one or more talkers 130,
131, and 132 and/or listeners 140, 141, and 142. Each talker 130, 131, and 132 and/or
listener 140, 141, and 142 may include a MSRP attribute database 250, and/or may have
access to the separate and/or collective MSRP attribute database.

[0064] The MSRP attribute database 250 of each talker 130, 131, and 132 and/or listener
140, 141, and 142 may be a copy of, and/or include information from, the separate and/or
collective MSRP attribute database. In such systems, the separate and/or collective
MSRP attribute database may be continuously updated, or updated at various other
intervals. In some systems, the separate and/or collective MSRP attribute database may
collect and/or update information based on information and/or data about stream
advertisements and/or data streams received and/or stored in each of the MSRP attribute
databases 250 of each of the talkers 130, 131, and 132 and/or the listeners 140, 141, and
142. Updates may be sent by the separate and/or collective MSRP attribute database to
the MSRP attribute database 250 in each individual talker 130, 131, and 132 and/or
listener 140, 141, and 142 at various intervals, such as every 10-15 seconds or so. In
these systems, the MSRP attribute database 250 of each of the talkers 130, 131, and 132
and/or listeners 140, 141, and 142 may be the same.

[0065] In an alternative example, the MSRP attribute database 250 may not be on any of
the talkers 130, 131, and 132 or listeners 140, 141, and 142 at all, but may exist separately
and/or be in communication with one or more of the talkers and listeners. In another
alternative example, parts of a separate and/or collective MSRP attribute database may be
extracted from an external database and stored in volatile memory in a talker 130, 131,
and 132 or a listener 140, 141, and 142 when the talker or listener is powered up. Various
other examples, functions and/or features of an MSRP aftribute database 250 are possible.
[0066] The stream reservation protocol stack 230 may also include a sparse mode engine
260. The sparse mode engine 260 may be configured, adapted, operable, and/or used
during an operation of the listener 210 in a sparse mode or in a full mode. The sparse
mode engine 260 may be in communication with, connected wit<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>